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OF 


THE   NERVOUS   SYSTEM. 


INTRODUCTION. 

CLASSIFICATION   OF   DISEASES   OF   THE   NERVOUS   SYSTEM. 

A  classification  of  Diseases  of  the  Nervous  System,  at  once  scientific, 
exact,  and  convenient  for  systematic  description,  is  not  at  present  possible. 
If  we  attempt  to  classify  the  diseases  according  to  either  seat  or  nature, 
we  are  met  at  once  by  difficulties  which  prevent  any  complete  arrange- 
ment. These  difficulties  arise  from  the  facts  that  many  diseases  affect 
more  than  one  part  of  the  nervous  system,  that  the  precise  seat  of  other 
maladies  is  unknown,  and  that  we  are  still  ignorant  of  the  nature  of  a 
considerable  number  of  diseases.  A  rough  division  is  often  made  into 
two  broad  classes  of  "organic"  and  "functional"  disease.  The  first 
class  of  "organic  diseases"  comprehends  those  in  which  there  is  always 
a  visible  lesion,  manifesting  the  morbid  process  which  constitutes  the 
disease.  The  second  class  of  "functional  diseases"  is  less  definite,  com- 
prehending (i)  those  diseases  that  consist  only  in  a  disturbance  of  func- 
tion, and  are  therefore  properly  so  designated,  and  (2)  many  diseases 
which  have  this  in  common  with  true  functional  disease  that  they  are 
transient  and  not  permanent,  and  that  they  are  not  known  to  depend  on 
organic  changes.  But  there  is  also  a  large  class  of  diseases  in  which  no 
constant  lesion  has  been  discovered,  but  which  are  not  transient,  and 
cannot  well  be  placed  in  either  of  these  classes.  This  simple  classification 
is  therefore  inadequate.  It  may  be  well  to  consider  in  what  respect  it 
needs  alteration  to  meet  the  requirements  of  our  present  knowledge. 

The  term  organic  disease,  as  commonly  used,  means  visible  disease. 

But  visibility  is  partly  relative ;  it  depends  on  the  means  of  vision.     The 

application  of  the  microscope  to  pathology  immediately  increased  the 

range  of  organic  disease,  and  a  similar  increase  has  resulted,  in  our  own 
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day,  from  the  use  of  staining  agents,  which  render  visible  changes  that 
could  not  before  be  seen.  Still,  it  is  the  degree  of  alteration  that  deter- 
mines visibility.  Molecular  changes  in  nutrition,  considered  as  such, 
must  be  colossal  to  be  detected.  Such  alterations,  not  sufficient  to  be 
seen,  but  still  considerable,  probably  constitute  the  morbid  process  in 
many  diseases  that  are  commonly  classed  as  functional.  Hence  we  may 
distinguish  a  class  of  "  nutritional  diseases"  from  those  that  consist  in  a 
mere  derangement  of  function.  While  distinguishing  these  two  classes, 
we  cannot  entirely  separate  them,  because  nutrition  and  function  are 
mutually  dependent,  and  prolonged  functional  disturbance  may  determine 
nutritional  change. 

Visible  disease  varies  much  in  nature  and  degree.  .  Some  forms  can 
always  be  seen  with  the  unassisted  eye ;  they  change  the  shape,  or  color, 
or  consistence  of  the  part.  Other  forms  can  be  detected  only  with  the 
aid  of  the  microscope,  or  may  be  seen  with  the  naked  eye  when  consider- 
able in  degree,  and  only  through  the  microscope  when  slight  in  degree. 
It  is  convenient  to  term  these  "structural  diseases."  Thus  we  may  dis- 
tinguish four  pathological  classes  of  disease  of  the  nervous  system  : — 

i.  Organic  disease  (or  coarse  organic  disease);  such  as  tumor,  hemor- 
rhage, softening. 

2.  Structural  disease  ;  such  as  most  forms  of  sclerosis. 

3.  Nutritional  disease;  such  as  general  paralysis  of  the  insane,  paralysis 
agitans,  chorea. 

4.  Functional  disease ;  such  as  reflex  convulsions,  and  many  forms  of 
hysteria. 

In  the  first  class  the  morbid  process  always  begins  outside  the  nerve 
elements  themselves.  In  the  second  class  it  may  begin  within  or  outside 
them.  In  the  third  and  fourth  classes  these  elements  are  probably  always 
primarily  affected. 

Such  a  classification  helps  us  to  obtain  clearer  views  of  the  primary 
relations  of  disease,  but  is  not  convenient  for  systematic  description. 
For  this  a  hybrid  system  is  necessary,  in  which  organic  and  structural . 
diseases  are  classified  according  to  their  seat, — in  the  nerves,  spinal  cord, 
or  brain.  With  each  group  may  be  placed  some  nutritional  or  functional 
maladies  of  local  incidence.  The  bulk  of  such  diseases  are  best  considered 
after  the  organic  diseases  have  been  described,  since  many  of  them  are  of 
wide  distribution  or  uncertain  seat. 


PART  I. 
GENERAL  SYMPTOMATOLOGY. 


SYMPTOMS   AND   THEIR   INVESTIGATION. 

The  nervous  system  is  almost  entirely  inaccessible  to  direct  examina- 
tion. The  exceptions  to  this  are  trifling.  The  termination  of  one  nerve, 
the  optic,  can  be  seen  within  the  eye.  Some  of  the  nerve  trunks  in  the 
limbs  can  be  felt ;  a  few,  as  the  ulnar,  in  the  normal  state  j  others  only 
when  enlarged  by  disease.  As  a  rule,  morbid  states  of  the  nervous  system 
can  be  recognized  only  by  the  derangement  of  function  that  they  cause. 
The  functions  of  the  nervous  system  are  often  roughly  divided  into  mind, 
motion,  and  sensation,  but  they  are  far  more  extensive  than  those  words 
denote.  The  functions  of  all  the  organs  of  the  body,  all  states  of  vessel 
and  of  circulation,  and  all  processes  of  nutrition,  are  under  the  control 
of  the  nervous  system.  The  disturbance  of  nerve  function  produced  by 
disease  is  conterminous  in  extent  with  the  organism  itself.  Our  knowl- 
edge of  these  symptoms  is  constantly  increasing  in  range  and  in  degree. 
They  differ,  however,  very  much  in  relative  importance.  Some  are  more 
frequent  in  occurrence  than  others,  and  are  more  direct  in  significance. 
Many  have  a  special  relation  to  certain  parts  of  the  nervous  system,  and 
may  be  considered  most  conveniently  when  we  deal  with  the  diseases  of 
that  part.  Others  occur  in  diseases  of  all  parts.  It  may  be  well,  at  the 
outset,  briefly  to  describe  the  general  characters  of  some  of  these  most 
frequent  symptoms. 

Motor  Symptoms. — Disturbance  of  motion  is  one  of  the  most  com- 
mon of  the  effects  of  disease.  Movement  is  produced  by  muscles,  but  the 
muscles  are  excited  to  contraction  by  the  nervous  system.  Most  altera- 
tions of  motility,  both  defect  and  excess,  are  due  to  nerve  derangement. 
The  conditions  are  very  few  in  which  motor-  changes  originate  in  the 
muscles  themselves.  Defect  of  movement  is  of  muscular  origin  only  in 
some  cases  of  primary  alteration  in  the  nutrition  of  the  muscles.  When 
there  is  a  general  impairment  of  nutrition,  the  muscles  participate  in  this; 
they  are  ill-nourished,  and  therefore  feeble.  Such  a  condition  is  met 
with  in  chronic  wasting  diseases,  in  anaemia,  and  as  an  acute  affection  in 
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all  acute  febrile  diseases.  This  is  the  chief  cause  of  the  muscular  weak- 
ness that  so  often  succeeds  fevers.  In  some  chronic  diseases  the  muscles 
undergo  a  primary  degeneration.  One  is  an  extremely  rare  form  of  mus- 
cular atrophy.  Another  is  the  disease  known  as  "  pseudo-hypertrophic 
paralysis."  .  A  third  is  ossification  of  the  muscles.  In  almost  all  other 
conditions,  loss  of  power  in  the  muscles  is  dependent  on  the  state  of  the 
nervous  system. 

So  also  with  increased  and  involuntary  muscular  action — spasm.  We 
know  even  less  of  what  has  been  termed  "  idio-muscular  contraction," 
that  is,  contraction  originating  in  the  muscle  itself,  than  we  do  of  "idio- 
muscular  paralysis."  Whenever  the  whole  of  a  muscle  contracts,  the 
contraction  is  probably  always  due  to  the  influence  of  the  nervous  system, 
even  though,  as  in  ordinary  cramp,  it  seems  to  us  to  be  purely  local.  We 
can  scarcely  conceive  that  all  the  fibres  of  a  muscle  can  contract  simul- 
taneously except  under  central  influence.  Even  muscular  "tone"  is 
dependent  on  the  connection  of  the  muscle  with  the  nerve  centre.  The 
partial  contractions  that  are  termed  "fibrillary"  are  perhaps  local,  since 
they  are  readily  produced  by  mechanical  stimulation,  such  as  a  tap  on  the 
muscle.  But  it  is  probable  that  fibrillary  contractions,  although  some- 
times local,  are  often  of  central  origin.  This  is  true  also  of  the  flickering 
contractions  that  are  so  common  in  the  orbicularis  palpebrarum  and  other 
muscles,  in  persons  whose  nervous  system  is  enfeebled. 

Defect  of  movement  may  present  every  degree,  from  slight  weakness  to 
absolute  loss.  There  may  be  an  inability  even  to  make  the  muscle  con- 
tract, or  the  voluntary  contraction  may  be  too  feeble  bo  move  the  parts 
to  which  the  muscle  is  attached.  This  difference  is  to  some  extent  rela- 
tive, since  it  varies  according  to  the  mobility  of  the  part  to  be  moved- 
A  contraction  that  would  move  a  finger  may  be  insufficient  to  move  a  leg. 
The  difference  may  vary  in  the  same  part  according  to  position.  A  de- 
gree of  power  in  the  flexors  of  the  hip  that  will  move  the  leg  when  the 
patient  is  lying  on  his  side  may  be  insufficient  to  do  so  if  he  is  lying  on 
the  back.  Or  the  part  may  be  moved,  but  with  less  force  than  normal. 
The  term  "paralysis"  has  long  been  applied  to  all  degrees  of  defect 
of  power,  a  distinction  being  made  between  complete  and  incomplete 
paralysis.     Partial  loss  of  power  is  also  sometimes  termed  "  paresis." 

Our  means  of  measuring  defects  of  muscular  power  are  very  imperfect. 
The  force  of  some  movements  can  be  measured  by  means  of  an  instrument 
called  a  "dynamometer."  Several  forms  of  dynamometer  have  been 
devised,  but  that  in  general  use  consists  of  an  oval  steel  ring,  which  can 
be  narrowed  either  by  compression  applied  to  its  smaller  diameter,  or  by 
traction  applied  to  its  longer  diameter.  The  change  in  the  shape  of  the 
dynamometer,  and  therefore  the  force  exerted,  is  shown  by  the  movement 
of  an  index  on  a  scale  that  has  a  double  graduation,  an  inner  for  com- 
pression, and  an  outer  for  traction.  This  form  of  dynamometer  is  known 
as  "  Charriere's,"  from  the  name  of  its  first  maker.     An  older  form  of 
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dynamometer  is  that  designed  by  Duchenne.  It  is  less  convenient  for 
testing  the  grasp,  although  better  adapted  for  indicating  the  force  of 
traction.  Practically,  however,  the  use  of  these  instruments  is  confined 
to  the  measurement  of  the  grasp.  The  estimation  of  the  strength  of  other 
movements  is  difficult,  and  liable  to  much  error.  In  examining  these  it 
is  best  for  the  observer  to  oppose  the  movement  and  note  the  resistance 
that  the  patient  can  overcome.  The  wide  variations  in  strength  among 
different  persons  renders  absolute  estimation  possible  only  when  the  defect 
is  considerable.  Slight  changes  are  recognized  by  comparing  the  power 
on  the  two  sides.  It  should  be  remembered  that  the  limbs  on  the  right 
side  are  normally  stronger  than  those  on  the  left,  the  relation  being  about 
as  five  to  four.  Care  must  be  taken  to  secure  uniformity  of  the  conditions 
under  which  the  observations  are  made. 

Incoordination  of  Movement. — A  muscular  movement  involves  an  exactly 
proportioned  contraction  in  the  muscles  that  effect  the  movement,  often 
numerous,  and  cooperating  in  various  degrees.  It  involves  also  a  con- 
traction in  the  opponents  of  these  muscles,  less  in  degree,  but  with  equal 
delicacy  of  proportioned  strength.  If,  instead  of  this  balanced  adjust- 
ment, the  contraction  varies  in  degree  in  the  same  or  in  different  muscles, 
the  movement  is  not  that  which  is  intended — is  irregular.  An  excess  or 
deficiency  of  contraction  leads  to  a  corresponding  change  in  the  con- 
tracting opponents.  Attempts  to  correct  the  error  may  themselves  be 
wrong  in  degree  and  increase  the  disturbance.  This  condition  is  termed 
incoordination,  or  "  ataxy."  It  may  be  simple  unsteadiness  of  movement, 
or  the  excessive  contractions  may  be  so  sudden  and  considerable  as  to 
cause  "jerky  incoordination."  It  is  readily  recognized  by  simple  ob- 
servation, or  may  be  recorded  by  an  attempt  to  draw  a  straight  line  on  a 
sheet  of  paper,  or  to  hold  a  point  in  contact  with  a  moving  surface  {e.g., 
of  blackened  paper)  on  which  the  irregularities  of  movement  are  shown. 

Another  method  of  obtaining  evidence  of  it  has  been  suggested  by 
Blix.  It  consists  in  making  the  patient  suddenly  try  to  touch  with  the 
point  of  a  pencil  a  spot  on  a  sheet  of  paper  suspended  before  him,  his 
eyes  being  closed  at  the  moment  of  the  attempt.  After  a  certain  number 
of  attempts  the  average  distance  from  the  spot  of  the  dots  he  has  made  is 
ascertained,  and,  compared  with  the  result  given  by  a  normal  individual, 
affords  a  numerical  indication  of  the  degree  of  incoordination.  The 
method  is  effective,  although  the  result  is  scarcely  worth  the  trouble.* 

Whenever  there  is  much  incoordination,  spontaneous  movements  occur 
when  the  patient  tries  to  hold  the  limb  still  in  a  certain  posture.  The 
irregularity  obtains  in  the  fixed  as  well  as  in  the  mobile  condition.  In 
the  latter  it  causes  ataxy,  in  the  former  spontaneous  movements. 

Sensory  Symptoms. — Deranged  sensation  is  another  very  common 
symptom.     It  has  often  to  be  searched  for,  as  a  significant  defect  may  be 

*  Blix,  Neur.  Centralb.,  1884,  p.  83. 
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unknown  to  the  patient.  Each  form  of  sensation,  of  touch,  temperature, 
and  pain,  must  be  separately  tested,  since  one  may  be  affected  and  not 
another. 

Tactile  Sensibility. — In  testing  tactile  sensibility  care  must  be  taken 
that  the  instrument  employed  does  not  give  an  impression  of  heat  or  cold, 
lest  the  patient  perceive  by  the  sense  of  temperature  that  which  he  cannot 
discern  by  the  sense  of  touch.  The  observer's  finger  may  be  used,  if  it 
is  not  cold,  or  the  skin  may  be  touched  with  the  feather  end  of  a  quill 
pen.  The  eyes  of  the  patient  should  be  closed  during  the  examination, 
and,  since  he  is  apt  to  fancy  that  he  feels  a  light  touch  when  he  does  not, 
he  should  occasionally  be  asked  if  he  can  feel,  when  no  contact  is  made. 
If  there  is  no  absolute  loss,  the  character  of  the  sensation  may  be  changed ; 
throughout  one  side  a  touch  may  cause  a  sensation  distinctly  different  from 
that  which  is  produced  when  the  other  side  is  touched.  Loss  of  sensibility 
to  touch  is  termed  "anaesthesia,"  but  this  word  is  often  applied  loosely 
to  all  forms  of  impaired  sensibility. 

In  examining  the  tactile  sensibility,  it  is  important  to  ascertain,  not 
only  whether  the  patient  can  feel,  but  whether  he  is  able  to  recognize  the 
place  touched, — whether  he  can  correctly  "localize  "  the  sensation.  For 
this  he  must  be  asked,  not  only  whether  he  feels  the  touch,  but  to  say  or 
point  out  where  he  feels  it.  The  part  touched  should  be  frequently  varied, 
and  the  eyes,  of  course,  kept  closed.  Another  test  for  tactile  sensibility 
depends  on  the  fact,  ascertained  by  E.  H.  Weber,  that  the  distance  apart 
at  which  two  points  are  discriminated  is  nearly  the  same  in  different  indi- 
viduals in  the  same  part  of  the  body,  although  it  varies  much  in  different 
parts  of  the  body.  The  normal  distance  being  known,  the  increased 
distance  at  which  the  points  have  to  be  placed  for  their  discrimination  is 
a  measure  of  the  degree  of  defect.  The  points  should  not  be  so  sharp  as 
to  occasion  pain.  A  pair  of  blunt-pointed  compasses  may  be  employed, 
but  the  most  convenient  instrument  is  one  contrived  by  Dr.  Sieveking, 
and  called  the  "  sesthesiometer. ' '  It  consists  of  a  graduated  bar,  and  two 
points,  one  of  them  being  movable  and  the  other  fixed.  The  greater  the 
degree  of  tactile  sensibility,  the  nearer  together  can  the  points  be,  and 
still  be  discriminated.  The  distance  at  which  they  are  normally  distin- 
guished must  be  known  before  any  inference  can  be  drawn.  The  most 
important  average  distances,  ascertained  by  Weber,  are  as  follows :  The 
distance  is  smallest,  i.  e.,  the  sensitiveness  is  greatest,  at  the  tip  of  the 
tongue,  where  the  points  are  discriminated  when  only  1.5  mm.  apart. 
Then  come,  in  order  of  sensitiveness,  the  finger  tips,  2  to  3  mm. ;  the 
lips,  4  to  s  mm. ;  the  tip  of  the  nose,  6  mm. ;  the  cheeks  and  the  backs 
of  the  fingers,  about  12  mm. ;  the  forehead,  22  mm. ;  the  neck,  34  mm.  • 
the  forearm,  lower  leg,  and  back  of  foot,  40  mm. ;  the  chest,  45  mm!  • 
the  back,  60  mm. ;  the  upper  arm  and  thigh,  75  mm.  Slight  variations 
exist  in  different  individuals,  and  a  deviation  from  the  normal  that 
uniform  in  degree  throughout  the  body  is  probably  physiological.     In 
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using  this  test  it  is  necessary  to-  touch  the  skin  with  the  two  points  at  the 
same  moment,  and  with  equal  pressure.  The  examination  requires  time 
and  patience,  and  the  results  are  considerably  modified  by  the  intelligence 
of  the  patient.  Moreover,  the  power  of  discrimination  is  increased  by 
practice.  It  is  rare  to  obtain  a  conclusive  result  unless  there  is  a  degree 
of  defect  that  causes  a  slight  absolute  loss,  such  as  may  be  detected  with 
a  feather.  For  these  reasons,  the  practical  value  of  the  test  is  less  than 
was  at  first  anticipated.  It  is  more  useful  for  the  estimation  of  changes 
of  sensibility  in  the  same  person  and  the  same  part  than,  for  actual 
diagnosis. 

Another  test  that  has  been  proposed  is  to  move  a  pointed  object  along 
the  skin,  and  note  the  minimum  movement  that  can  be  recognized  as 
such  (Leube).     This  test  has  not  come  into  general  use. 

Curious  modifications  of  tactile  sensibility  are  sometimes  observed.  In 
one  of  these,  a  single  touch  is  felt  as  if  it  were  two  or  even  three,  a  con- 
dition that,  has  been  termed  "  polyaesthesia  "  (Fischer).  In  another,  an 
impression  on  one  part  is  referred  to  some  other  part,  usually  in  the  same 
limb,  rarely  in  another  limb.  In  another  variety,  an  impression  on  one 
part  has  been  referred  to  the  corresponding  place  on  the  opposite  side  of 
the  body;  this  has  been  termed  " allocheiria "  (Obersteiner). 

Perception  of  the  degree  of  pressure  on  the  skin  is  probably  subserved 
by  the  nerves  for  tactile  sensibility.  It  may  be  estimated  by  simple 
pressure  applied  through  any  instrument,  or  by  small  weights,  or  by  an 
instrument  contrived  for  measuring  the  pressure  applied  to  an  artery  to 
ascertain  the  tension  of  the  pulse.  In  this,  a  spring  indicates  the  degree 
of  pressure  applied.  The  part  tested  must  be  supported,  so  that  the 
muscles  are  not  brought  into  action.  The  point  to  be  ascertained  is  the 
minimum  variation  that  can  be  recognized.  In  health,  this  is  about  one- 
twentieth  of  the  total  pressure,  whatever  the  latter  may  be. 

Sensibility  to  pain  is  subserved  by  what  are  called  nerves  of  "  common 
sensibility."  It  may  be  tested  by  a  prick  or  a  pinch.  For  a  prick,  too 
fine  a  point  must  not  be  used,  not  only  because  a  sharp  point  may  inflict 
a  needless  wound,  but  because,  in  the  less  sensitive  parts  of  the  skin,  where 
the  terminal  nerve  plexus  is  wide,  a  fine  point  may  here  and  there  be 
unfelt,  although  it  penetrates  the  skin.  Hence  a  somewhat  blunt  point 
should  be  employed.  Nothing  answers  better  than  the  point  of  a  quill 
pen.  The  faradaic  current  may  be  employed  to  test  the  sensibility  to 
pain,  wire  terminals  being  most  suitable  for  the  purpose.  Its  advantage 
is  the  delicacy  with  which  it  can  be  graduated,  but  it  does  not  furnish 
any  absolute  standard,  and  is  chiefly  useful  for  comparing  the  sensitiveness 
of  corresponding  regions  on  the  two  sides. 

Sensibility  to  pain  may  be  changed  with  or  without  sensibility  to  touch. 
Its  loss  is  termed  "analgesia,"  but  is  often  included  in  the  general  term 
"anaesthesia."  A  painful  sensation  is  often  felt  more  acutely  than  normal; 
this  is  called  "hypersesthesia,"  or,  more  correctly,  "  hyperalgesia."     Oc- 
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casionally  a  touch  on  the  skin  gives  rise  to  pain,  but  it  is  probable  that 
this  is  due  to  the  stimulation  of  the  over-sensitive  nerves  of  common  sen- 
sibility, and  is  .not  an  intensification  of  a  tactile  sensation.  Both  tactile 
and  painful  impressions  may  produce  sensations  that  are  abnormal  in 
character,  described  as  "thrilling,"  -'tingling,"  etc.  This  perverted 
sensation  has  been  termed  "paresthesia,"  or  "  dyssesthesia, "  words  that 
have  also  been  applied  to  purely  subjective  sensations. 

Sensibility  to  temperature  is  usually  affected  with  sensibility  to  pain,  but 
often  not  in  the  same  degree,  and  one  may  be  impaired  without  the  other. 
There  may  be  an  absolute  inability  to  recognize  either  heat  or  cold  as 
such,  or  slight  degrees  of  each  may  be  unperceived,  while  considerable 
degrees  are  recognized  correctly.  In  the  latter  case  there  is  impairment 
of  the  power  of  perceiving  differences  in  temperature,  analogous  to  the 
defect  in  the  perception  of  differences  in  pressure.  There  may  be  a 
perverse  sensation,  whereby  hot  objects  feel  cold,  and  cold  objects  hot. 
The  pain  that  extreme  degrees  of  temperature  normally  produce  may  be 
felt  with  undue  readiness  or  less  readily  than  normal.*  When  perception 
of  pain  is  delayed,  that  of  temperature  may  be  delayed  also.  It  must  be 
remembered  that,  in  health,  this  sensation  is  less  rapid  than  that  of  pain, 
because  time  is  required  to  raise  the  temperature  of  the  skin  sufficiently 
to  stimulate  its  nerves.  For  coarse  examination,  hot  and  cold  spoons 
may  be  employed;  for  ascertaining  the  power  of  differential  discrimina- 
tion, test  tubes,  containing  water  at  different  temperatures,  are  necessary. 
For  practical  purposes,  the  result  thus  obtained  is  hardly  commensurate 
with  the  time  required  for  the  examination. 

It  is  necessary  always  to  test  separately  the  sensibility  to  heat  and  to 
cold,  as  there  is  strong  reason  to  believe  that  these  are  subserved  by 
different  nerves.  If  very  minute  points  of  the  skin  are  examined,  it  is 
found  that  at  some  points  only  heat,  at  others  only  cold,  is  perceived. 
The  stimulation  of  points  of  the  skin  by  electricity  shows  also  that  at 
some  points  the  peculiar  electrical  sensation  is  produced,  at  others,  sen- 
sation of  cold,  at  others,  sensation  of  heat.  Further,  the  points  identified 
as  "cold  points"  and  "warm  points"  by  the  one  method,  correspond 
with  the  points  ascertained  by  the  other  method. f  The  conclusion  from 
these  observations  is  confirmed  by  the  fact  that  in  disease  the  sensibility 
to  heat  and  to  cold  may  be  affected  in  different  degrees. 

The  temperature  sense  varies  much  in  different  parts.  Sensibility  to 
cold  is  least  at  the  epigastrium,  that  to  heat  least  on  the  back.  In  the 
leg,  sensitiveness  to  both  heat  and  cold  is  greatest  at  the  knee,  and  lessens 
upward  and  downward. 

Muscular  Sensibility. — The  term   "muscular  sense,"    as  often  used 


*  See  on  this  point  Donath,  Arch,  f.  Psych.,  Bd.  xv. 

f  Blix,  Zeitschr.  f.  Biologic,  Bd.  xx,  p.  141;  Eulenberg,  Zeilschr.  f.  klin.  Med.   Bd. 
ix,  Heft  ii.     The  observations  have  also  been  corroborated  by  Goldscheider  and  He'rzen 
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includes  more  than  one  form  of  sensation.  There  is,  first,  a  true  muscular 
sensibility.  The  muscles  are  abundantly  supplied  with  sensory  nerves, 
which  are  stimulated  by  pressure  and  by  extension.  They  are  said  to 
end  in  the  interstitial  tissue  between  the  muscular  fibres  (Tschirjew).  A 
painful  sensation  is  readily  produced  by  compression  of  a  muscle,  and  the 
pain  of  cramp,  distinctly  felt  in  the  substance  of  the  muscle,  is  probably 
due  to  the  compression  of  these  nerves  by  the  extreme  shortening  (and 
therefore  widening)  of  the  muscular  fibres  in  their  contraction.  After 
cramp,  the  nerves  are  left  in  a  state  of  exalted  excitability,  so  that  exten- 
sion of  the  muscle  gives  rise  to  pain  that  is  not  produced  in  the  normal 
state.  The  pain  caused  by  a  strong  electrical  stimulation  is  probably  due 
to  the  excitation  of  these  nerves,  either  direct  or  by  their  compression. 
They  appear  to  subserve  the  consciousness  of  contraction  which  is  involved 
in  the  recognition  of  resistance  (such  as  the  estimation  of  a  weight),  and 
also,  in  part,  the  recognition  of  posture,  even  on  passive  movement.  The 
muscles  adapt  themselves  to  all  passive  movements,  and  the  impression 
of  the  elongation  or  contraction  of  the  muscle  probably  enters,  with  the 
impressions  from  the  skin,  etc.,  into  the  perception  of  posture.  When 
the  limb  is  at  rest,  sensory  impressions  from  the  skin  and  joints  probably 
constitute  the  chief  source  of  information. 

In  some  morbid  conditions  the  muscular  sense  is  lost,  the  patient  cannot 
appreciate  the  difference  between  light  and  heavy  objects.  A  poker  and 
a  feather  seem  to  be  of  the  same  weight.  He  is  also  unable  to  recognize 
the  posture  into  which  his  limbs  are  put  by  another  person.  This  loss 
may  occur  when  tactile  sensibility  is  unimpaired.  Conversely,  the  sen- 
sibility of  the  skin  may  be  lost,  while  that  of  the  muscles  is  unaffected. 
This  separate  affection  of  cutaneous  and  muscular  sensibility  is  often  seen 
produced  by  unilateral  lesions  of  the  spinal  cord.  This  question  is  further 
considered  in  the  account  of  the  conducting  paths  of  the  cord. 

The  chief  tests  for  the  muscular  sensibility  are  the  following :  (i)  The 
power  of  appreciating  differences  of  weight,  i.  e.,  variations  in  the  resist- 
ance to  contraction.  In  this  examination  the  patient's  eyes  should  be 
closed,  and  the  objects  used  should  be  of  uniform  size.  Leather  balls, 
like  cricket  balls,  containing  various  weights,  are  in  use  at  the  Queen's 
Square  Hospital  for  this  purpose.  It  is  desirable  to  reduce  the  stimulation 
of  the  cutaneous  nerves  to  a  minimum,  by  placing  the  weights  in  a  bag 
suspended  by  a  string  to  the  part  to  be  tested  so  that  only  a  small  area  of 
the  skin  shall  be  pressed  upon.  The  form  of  the  weight  is  then  of  little 
importance.  The  point  to  be  tested  is  the  power  of  discriminating  differ- 
ences in  weight.  This  is  greater  than  in  the  case  of  the  nerves  of  the 
skin,  since  a  difference  of  one-fortieth  of  the  total  weight  can  be  recog- 
nized under  normal  conditions.  (2)  The  power  of  recognizing  the  pos- 
ture into  which  the  limb  is  put ;  if  cutaneous  sensibility  is  normal  the 
parts  handled  must  be  grasped  firmly,  and  pressed  on  both  sides,  so  that 
the  direction  of  pressure  may  not  suggest,  the  posture.     Several  observa- 
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tions  should  be  made  to  eliminate  the  chance  of  accidental  correctness. 
(3)  The  sensitiveness  of  the  muscles  to  deep  pressure.  (4)  Their  sensi- 
tiveness to  electrical  stimulation.  It  is  difficult  to  test  accurately  the 
electro  sensibility  unless  the  sensitiveness  of  the  skin  is  removed,  as  by 
the  injection  of  cocain. 

Another  source  of  information  regarding  motor  processes  is  afforded  by 
the  degree  of  central  innervation,  i.  e.,  the  activity  of  the  motor  centres. 
This  was  pointed  out  by  Sir  Charles  Bell.  It  is  the  innervation,  and  not 
the  actual  muscular  contraction,  that  determines  the  strength  of  associated 
movements,  and  influences  the  centre  concerned  in  maintaining  the  equi- 
librium of  the  body.  We  see  this  clearly  in  the  case  of  the  muscles  of 
the  eyeball.  If  an  ocular  muscle  is  weak,  and  an  increased  effort  is 
necessary  to  direct  the  eye  toward  a  given  object,  the  object  is  referred 
to  the  place,  not  toward  which  the  eye  is  directed,  but  toward  which  it 
would  be  directed  by  the  increased  innervation  if  the  muscle  were  nor- 
mally strong.  If  the  patient  tries  to  touch  the  object,  the  hand  is  moved 
in  accordance  with  the  innervation,  and  goes  too  far,  beyond  the  object. 
Hence  it  is  clear  that  the  guide  to  other  motor  centres  is  the  central 
innervation,  and  not  the  accomplished  movement, — not,  therefore,  the 
peripheral  stimulation  of  the  muscle  nerves.  It  is  equally  clear  that  it  is 
the  peripheral  stimulation  of  the  muscle  nerves  that  is  concerned  in  the 
sense  of  resistance,  because  the  appreciation  of  weights  is  not  interfered 
with  by  simple  weakness.  It  is  doubtful  whether  the  impression  of  motor 
innervation  affects  consciousness  so  as  to  constitute  an  actual  sensation, 
comparable  to  that  due  to  the  other  sensory  nerves,  or  even  to  the  muscle 
nerves. 

Reflex  Action. — Many  symptoms  of  disease  of  the  nervous  system 
are  due  to  derangement  of  the  various  reflex  actions.  These  are  numer- 
ous, and  we  can  now  only  consider  their  general  characters.  Each  action 
is  effected  through  an  afferent  sensory  nerve,  an  efferent  motor  nerve,  and 
a  system  of  nerve  cells  and  fibres  connecting  the  two  in  the  spinal  cord, 
the  ' '  reflex  centre. ' '  The  centre  is  usually  a  complex  and  often  extensive 
structure,  and  in  it  are  paths  of  different  "resistance,"  determining  the 
form  of  reflex  action  and  its  extent,  according  to  the  source  and  intensity 
of  the  sensory  impression.  The  reflex  centre  is  between  the  roots  of  the 
sensory  and  motor  nerves  concerned,  and  with  them  constitutes  what  may 
be  termed  a  "reflex  arc."  The  sensory  impulse  may  not  only  excite  a 
motor  process,  it  may  also  pass  up  to  the  brain,  and  affect  consciousness 
as  a  sensation.  Further,  the  reflex  centre  is  to  some  extent  under  the 
control  of  the  cerebral  centres. 

Cutaneous  Reflex  Action. — Two  chief  forms  of  reflex  action  must  be 
distinguished.  The  first  is  that  excited  by  stimulation  of  the  skin,  more 
•readily  by  a  gentle  stimulation,  as  a  touch,  than  by  a  strong,  painful 
impression.     The  cutaneous  reflex  actions  may  be  excited  at  almost  any 
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part  of  the  skin,  but  at  some  parts  they  are  very  definite  in  character,  and 
are  distinguished  by  special  names.  The  most  important  are  the  "plantar 
reflex,"  from  the  sole;  the  "gluteal  reflex,"  a  contraction  in  the  gluteus 
when  the  skin  over  the  muscle  is  stimulated;  the  "cremaster  reflex,"  a 
retraction  of  the  testicle  on  stimulation  of  the  skin  on  the  inner  part  of 
the  thigh;  the  "abdominal  reflex,"  in  the  muscles  of  the  abdominal  wall 
when  the  skin  over  the  side  of  the  abdomen  is  stroked ;  the  upper  part  of 
this  reflex  is  a  very  definite  contraction  at  the  epigastrium,  and  has  been 
termed  the  "epigastric  reflex. ' '  A  series  of  reflex  actions  may  be  obtained 
in  the  muscles  of  the  back,  the  highest  being  in  the  muscles  of  the  scapula. 
These  spinal  reflex  actions  differ  in  their  excitability  in  different  indi- 
viduals, and  are  always  more  readily  produced  in  the  young  than  in  the 
old.     In  the  region  of  the  cranial  nerves,  the  most  important  reflexes  are 


Fig. 


The  Knee  Jerk.— The  dotted  line  indicates  the  movement 
which  follows  the  blow  on  the  patellar  tendon. 


The  Knee  Jerk.— Method  of  obtaining 
it  when  it  is  not  readily  produced 
in  the  ordinary  way. 


those  of  the  eye ;  the  conjunctival  reflex,  the  contraction  of  the  iris  on 
exposure  of  the  eye  to  light,  and  its  dilatation  on  stimulation  of  the  skin 

of  the  neck. 

Muscle  Reflex  Action;  "Tendon  Reflexes." -The  second  group  of 
phenomena  which  depend  on  reflex  action  are  those  which  have  been 
termed  "tendon  reflexes."  They  were  first  systematically  studied  by 
Erb  and  Westphal,  but  previously  partially  recognized  and  employed  in 
diagnosis  by  Charcot. 

The  first  of  these  is  the  jerk  of  the  leg  which  occurs  when  the  patellar 
tendon  is  tapped.  It  has  been  called  the  "knee  phenomenon"  by 
Westphal,  the  "patellar  tendon  reflex"  by  Erb,  the  "knee  jerk  by 
myself.     To  obtain  the  jerk,  the  knee  must  be  flexed  so  that  the  quad- 
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riceps  femoris  is  gently  extended,  and  the  leg  must  be  free  to  move.     If 
then  the  patellar  tendon  is  struck,  the  quadriceps  contracts  and  jerks  the 
leg  forward.     The  most  convenient  position  is  with  the  knee  to  be  tested 
flexed  nearly,  but  not  quite,  at  a  right  angle.     The  posture  commonly 
employed  is  with  the  leg  to  be  tested  across  the  other,  the  knee  of  the 
supporting  leg  being  at  a  right  angle  (Fig.  i).     But  if  the  leg  to  be  tested 
is  stout,  its  tension  in  this  position  may  be  too  great  to  permit  of  any 
movement.     In  such  case  the  observer  may  place  his  arm  beneath  the 
patient's  thigh,  just  above  the  knee,  and  rest  his  hand  on  the  patient's 
other  knee  (Fig.  2).     Children  may  sit  on  the  edge  of  a  chair,  adults  on 
the  edge  of  a  table.     If  the  legs  are  vertical,  the  effect  of  the  blow  and 
of  the  muscular  contraction  must  be  carefully  distinguished.     If  the  bent 
fingers  of  each  hand  are  interlocked,  and  the  hands  pulled  strongly,  the 
knee  jerk  occurs  more  readily  (Jendrassik).     It  is  essential  that  the  mus- 
cles should  be  relaxed  from  voluntary  contraction.     Any  contraction  of 
the  flexors  may  be  ascertained  by  feeling  the  hamstring  tendons,  and 
pressure  on  these  by  the  fingers  often  helps  to  secure  relaxation.     The 
blow  may  be  given  by  the  side  of  the  hand,  a  percussion  hammer  (Fig. 
2),  or  a  stethoscope  with  an  india-rubber  edge  to  the  ear  piece.     If  its 
existence  is  doubtful,  the  skin  should  be  bared.     In  many  cases  the  move- 
ment may  be  obtained  by  a  downward  blow  upon  the  patella,  by  a  blow 
on  the  quadriceps  tendon  above  the  patella,  or  by  a  blow  on  the  substance 
of  the  muscle,  almost  as  readily  and  strongly  as  by  a  blow  on  the  patellar 
tendon.     In  cases  in  which  it  is  in  great  pathological  excess,  it  may  even 
be  excited  by  a  blow  on  the  tibia.     When  it  is  in  excess,  it  may  be  con- 
veniently brought  out  in  a  somewhat  different  way.     As  the  patient  lies 
in  bed,  the  finger  of  one  hand  is  placed  across  the  quadriceps  tendon  just 
above  the  patella,  and  the  patella  pushed  down,  so  as  to  make  the  quad- 
riceps tense.     The  finger  is  then  percussed  in  the  direction  in  which  the 
patella  is  being  pushed,  so  as  suddenly  to  increase  the  tension  in  the 
muscle.     The  blow  is  instantly  followed  by  a  contraction,  jerking  the 
patella  and  finger  upward.     Very  often  this  single  contraction  is  imme- 
diately succeeded  by  a  second,  and  this  by  a  third,  and  so  on— a  series 
of  quick  clonic  contractions,  "clonus,"  recurring  as  frequently  as  eight 
per  second.     By  grasping  the  patella  firmly,  and  suddenly  pushing  it 
downward,  so  as  to  make  the  muscle  tense,  this  clonus  may  also  be  set 
up,  as  Erb  has  shown.     It  may  continue  as  long  as  tension  is  kept  up, 
but  instantly  ceases  when  the  muscle  is  relaxed. 

The  next  important  phenomenon  belonging  to  this  group  occurs  at  the 
ankle  joint.  If  the  calf  muscles,  which  are  connected  with  the  Achilles 
tendon,  are  made  tense,  and  this  tendon  is  tapped,  the  muscles  contract 
causing  a  slight  extension  movement  of  the  foot;  just  as  the  muscles  of  the 
thigh  contract  when  the  patellar  tendon  is  struck.  In  cases  in  which  these 
phenomena  are  excessive,— just  as  sudden  tension  in  the  thigh  muscles 
will  cause  a  contraction,  followed  by  others  in  a  continuous  series— so   in 
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such  cases,  if  the  calf  muscles,  which  extend  the  ankle  joint,  are  suddenly 
put  on  the  stretch  by  pressing  the  hand  against  the  sole  of  the  foot  (Fig 
3),  a  qU1ck  contraction  occurs,  instantly  ceasing,  but  if  the  pressure's 
kept  up,  instantly  renewed,  and 

Fig.  3. 


recurring  as  long  as  the  tension 
is  maintained,  as  a  clonic  series 
of  spasmodic  contractions— the 
"ankle  clonus"  or  "foot  clo- 
nus" (or  "foot  phenomenon" 
— Westphal).  It  can  often  be 
obtained  best  when  the  knee  is 
not  completely  extended.  The 
movement  is  very  uniform,  from 
six  to  nine  contractions  occur- 
ring per  second.  By  attaching 
a  writing  point  to  the  foot,  and 
making  it  trace  a  line  on  a  re- 
volving cylinder  covered  with 
blackened  paper,  tracings  may 


Method  of  Eliciting  the  Foot  Clonus. 


be  obtained  (Fig.  4),  which  are  almost  as  regular  as  the  tracings  of  a 
tuning  fork.  The  foot  clonus  can  be  more  frequently  obtained  than  the 
clonus  in  the  extensors  of  the  knee,  but  the  two  have  the  same  time  and 
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Tracing  of  the  Foot  Clonus  in  Paraplegia. 
(The  tracing  reads  from  right  to  left.) 


are  evidently  of  the  same  nature.  A  clonus  quite  similar  may  sometimes 
be  obtained  in  other  muscles — peronei,  flexor  brevis  pollicis,  flexors  of 
the  fingers,  etc. 

When  a  tendon  is  tapped,  and  its  muscle  contracts,  the  occurrence  has  somewhat  the 
aspect  of  a  reflex  action.  It  was  assumed  by  Erb  that  the  contraction  is  a  true  reflex 
action,  the  stimulus  being  the  excitation  of  nerves  in  the  tendon.  Hence  it  has  been 
termed  "  tendon  reflex.''  This  view  has  received  apparent  confirmation  by  the  discovery 
of  certain  facts :  (1)  That  there  are  nerves  in  tendon.  (2)  That  these  phenomena  depend 
for  their  occurrence  on  the  integrity  of  the  reflex  path  to,  through,  and  from  the  spinal 
cord,  and  are  arrested  by  a  lesion  in  this  path.  By  experiments  on  animals  (in  whom 
similar  contractions  may  be  obtained)  it  has  been  found  that  they  are  prevented  by  division 
of  the  nerves  to  the  muscles,  by  division  of  either  the  anterior  or  posterior  roots  of  the 
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spinal  nerves,  or  by  destruction  of  the  spinal  cord.*  The  knee  jerk  cannot  be  obtained 
in  locomotor  ataxy  (damage  to  the  posterior  nerve  roots),  or  in  infantile  paralysis  (damage 
to  the  gray  matter,  the  reflex  centre).  (3)  That  these  phenomena  are  in  excess  in  some 
cases,  in  which  the  reflex  action  from  the  skin  is  in  excess. 

These  facts  certainly  prove  that  some  reflex  influence  is  concerned  in  the  production 
of  the  phenomena.  But  (as  Westphal  has  always  maintained)  they  do  not  necessarily 
prove  that  the  contractions  depend  on  a  simple  reflex  action  from  the  tendons.  Many  of 
the  facts  cannot  be  explained  by  the  "tendon  reflex"  theory.  There  is  the  great  fact 
that  passive  tension  is  necessary  for  the  tap  on  the  tendon  to  be  effective,  and  that  when 
the  phenomena  are  in  excess,  sudden  tension  alone  will  suffice  to  develop  the  contraction. 
But  tension  acts  upon  the  muscle  as  well  as  upon  the  tendon,  and  frequently  the  contraction 
may  be  distinctly  excited  by  stimuli  which  act  on  the  muscle  and  have  no  action  on  the 
tendon.  For  instance,  in  cases  in  which  these  phenomena  are  in  excess,  if  the  foot  be 
gently  pressed  up  so  as  to  make  the  calf  muscles  tense,  and  the  muscles  on  the  front  of 
the  leg  be  tapped,  the  calf  muscles  contract  (just  as  they  do  when,  under  the  same  cir- 
cumstances, the  tendon  is  tapped),  and  cause  a  brief  extension  movement  of  the  foot.  I 
have  termed  this  the  "  front-tap  contraction."  It  is  a  very  delicate  test  of  increased 
irritability,  and  it  is  also  of  considerable  theoretical  interest,  since  we  have  in  it  a  con- 
traction developed  by  a  stimulus  which  does  not  in  any  way  affect  the  tendon.  It  can 
affect  the  gastrocnemius  directly,  for  by  placing  the  hand  on  the  calf,  a  vibration  may  be 
felt  through  the  leg.  If  the  tibia,  instead  of  the  muscle,  is  tapped,  the  contraction  is 
much  slighter,  or  does  not  occur.  Moreover,  a  tap  on  the  tendon  itself  only  excites  the 
contraction  when  it  increases  the  tension  of  the  tendon;  i.  e.,  when  it  acts  upon  the  muscle 
also.  In  the  case  of  the  Achilles  tendon,  this  may  be  easily  demonstrated  with  a  little 
care.  A  gentle  tap  on  the  side  of  the  tendon  will  excite  the  contracfion  as  readily  as  a 
tap  on  the  hack  of  the  tendon,  but  if  the  other  edge  of  the  tendon  is  supported  (as  by  the 
fingers  of  an  assistant),  the  same  tap  will  no  longer  be  effective,  because  it  no  longer 
increases  the  tension.  The  strongest  proof,  however,  of  the  independence  of  the  phe- 
nomena on  any  stimulation  of  the  tendon  is  afforded  by  the  experiments  of  Tschirjew, 
who  divided  carefully  all  the  nerves  to  the  patellar  tendon,  and  still  found  that  the  tap 
upon  it  made  the  tense  muscle  contract. 

Thus  the  evidence  seems  conclusive  that  the  contractions  are  not  excited  by  stimulation 
of  the  nerves  of  the  tendon,  but  that  the  stimulus  originates  in  the  muscle,  the  tendon 
being  only,  so  to  speak,  an  instrument  by  which  that  stimulation  is  produced.  But  if  the 
muscle  is  stimulated  and  then  contracts,  is  not  the  contraction  excited  locally,  as  Westphal 
has,  from  the  first,  urged  ?  A  reflex  action  takes  a  certain  time,  which  is  needed  for  the 
stimulus  to  travel  to  and  from  the  cord,  and  for  the  reflex  process  to  occur  in  the  centre. 
According  to  received  physiological  data,  an  interval  of  at  least  one-fifteenth  of  a  second 
would  be  needed  for  the  knee  jerk,  if  it  were  a  reflex  process,  and  rather  more  for  the 
movement  at  the  ankle.  I  have  found  that  when  the  Achilles  tendon,  or  the  front  of  the 
leg  is  tapped,  the  resulting  contraction  occurs  in  about  one-thirtieth  of  a  second.f  The 
interval  for  the  knee  jerk  has  been  found  to  be  about  one  twenty-fifth  or  one-thirtieth  of 
a  second.f     If  the  patella  is  pressed  down  and  tapped,  in  the  way  I  have  just  described, 


*  See  Tschirjew,  Archiv  fur  Psych.ia.trie,  Bd.  viii,  Heft  3. 

t  Med.-Chir.  Trans.,  i879,  p.  292.     The  measurement  has  been  since  confirmed  by 
Waller,  Brain,  July,  1880.  ' 

%  .039  sec.  Burckhardt;    .032-.034  sec.  Tschirjew;    .04  sec.  Brissaud;    .03-.04  sec 
Waller;   .03   sec.    Eulenberg.     Some   measurements   which   I   made   of   the  interval 
{Med.-Chir.  Trans.,  i879,  p.  275)  gave  a  longer  interval,  probably  in  consequence  of 
the  movement  of  the  foot  being  taken  as  the  indication  of  the  commencing  contraction 
"Load"  will  increase  greatly  the  period  of  latent  stimulation,  probably  by  causing  the 
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I  have  found  that  the  interval  between  the  tap  and  the  resulting  contraction  is  often  not 
more  than  one-fortieth  of  a  second.  The  shortness  of  the  interval  makes  it  difficult  to 
believe  that  these  contractions  can  be  reflex,  and  supports  the  theory  that  they  are  excited 
locally. 

But  to  this  view,  that  the  contractions  are  excited  locally,  is  apparently  opposed  the 
fact  that  they  are  prevented  by  whatever  lesion  arrests  reflex  action.  Some  have  en- 
deavored to  explain  the  discrepancy  by  the  suggestion  that  reflex  action  may  occur  in  a 
much  shorter  time  than  is  commonly  supposed.  This  suggestion  is  not  at  present  justified 
by  any  known  facts.  Another  and,  I  think,  much  more  probable  explanation  is  this.  If 
we  regard  the  contractions  as  local,  we  have  still  to  account  for  the  irritability  which 
permits  the  local  stimulus  to  cause  a  contraction.  This  irritability  is  developed  by  passive 
tension.  If  the  muscle  is  relaxed,  the  fibres  may  contract  if  they  are  struck  directly,  just 
as  do  the  fibres  of  a  separated  frog's  muscle,  but  no  contraction  can  be  produced  by 
striking  the  tendon.  Hence  I  have  suggested  that  the  tension  excites,  by  a  reflex  influ- 
ence, a  state  of  extreme  irritability  to  local  stimulation, — such  as  that  of  a  tap  on  the 
tendon,  or  such  as  the  vibration  from  a  tap  near  the  muscle,  or  from  a  tap  on  the  bone  to 
which  the  tendon  is  attached, — which  thus  excites  a  visible  contraction.* 

The  explanation  receives  some  confirmation  from  the  very  interesting  observations  of 
Tschirjew.f  He  has  found  that  if  the  nerve  to  a  separate  muscle  be  divided,  the  muscle 
remains  of  just  the  same  length.  If,  however,  a  weight  be  first  attached  to  the  muscle, 
when  the  nerve  is  divided  the  muscle  lengthens.  This  shows  that  the  tension  does  excite 
a.  slight  contraction  which  is  dependent  on  a  central  influence.  It  is  in  this  condition 
only  that  the  local  stimulation  is  effective.  If  the  tension  put  on  a  muscle  is  gentle  and 
gradual,  it  may  only  develop  the  irritability,  and  an  additional  local  stimulation  is  neces- 
sary to  produce  a  visible  contraction.  If,  however,  the  tension  is  sudden  and  forcible, 
it  not  only  develops  the  irritability,  but  produces  visible  contraction  in  the  muscle  thus 
rendered  irritable — as  in  setting  up  the  foot  clonus.  I  have  shown  that  the  relaxation 
of  the  muscle,  between  the  successive  contractions,  is  not  complete  :  there  is  a  persistent 
residual  contraction,  i.  e.,  a  tonic  contraction  on  which  the  clonic  contractions  occur. 
When  one  clonic  contraction  is  over,  the  tension  continuing,  a  second  is  instantly  devel- 
oped. 

The  sensory  nerves  of  muscles  have  been  shown  by  Tschirjew  to  commence,  not  within 
the  muscular  fibres,  but  in  the  interstitial  connective  tissue.  The  afferent  impulse  pro- 
duced by  tension  is  apparently  due  to  the  tension  acting  on  these  nerves :  the  visible 
contraction  is  excited  by  tension  or  vibration  affecting  the  muscular  fibres  themselves. 
The  latter  is  ineffective  unless  the  muscles  are  brought  into  a  state  of  special  excitability 
through  the  cord.  The  reality  of  an  afferent  impulse  from  the  muscle,  produced  by  ten- 
sion, is  demonstrable  to  any  one  who  will  permit  his  ankle  to  be  suddenly  flexed.  A 
distinct  pain  is  felt  in  the  muscle  (none,  be  it  observed,  in  the  tendon).  It  is  not  sur- 
prising, therefore,  that  this  afferent  impulse  should,  very  often,  not  merely  develop  the 
reflex  excitability,  or  tonic  contraction,  but  also  cause  a  more  widely-spread  reflex  action. 
The  attempt  to  get  the  foot  clonus,  for  instance,  will  cause  a  flexion  of  the  hip  joint ;  the 
attempt  to  obtain  the  knee  jerk  may  cause  a  movement  in  the  opposite  leg  or  a  start  back 
of  the  body.  But  these  reflex  contractions,  if  carefully  observed,  confirm  the  theory  which 
has  been  put  forward  in  the  preceding  pages,  for  they  distinctly  succeed,  at  an  appreciable 

initial  contraction  to  expend  itself  on  the  elasticity  of  the  muscle.     The  measurements 
given  above  were  obtained  by  recording  the  commencing  contraction  of  the  muscle. 
*  This  explanation  was  originally  given  for  the  "foot  phenomenon"  alone  (Med.-Chir. 

Trans  1879,  P-  29S)-  l  now  think  that  U  'S  eqUaUy  aPPH<?able  t0  the  knee  jerk'  The 
evidence  of  the  identity  in  nature  of  the  two  is  very  forcibly  stated  by  Waller  (loc.  at.). 

f  Reichert  und  Du  Bois-Reymond's  Archiv,  1879. 
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interval,  the  local  contraction.  Burckliardt  has  found  that  the  latent  interval  for  a  skin 
reflex  is  three  times  as  great  as  for  the  knee  jerk.  I  think  that  this  theory  of  reflex 
irritability  and  local  stimulation  affords  a  full  explanation  of  all  the  relations  of  these 
phenomena  to  the  central  nervous  system,  and  to  the  other  phenomena  of  disease,  and  it 
is  the  only  theory  which  adequately  explains  them. 

It  seems,  therefore,  that  the  term  "tendon  reflex"  is  altogether  inac- 
curate. The  phenomena  are,  according  to  the  explanation  above  given, 
dependent  on  a  "muscle  reflex"  irritability,  which  has  nothing  to  do 
with  the  tendons.  If  we  wish  to  describe  them  by  a  general  term,  it  is 
best  to  employ  one  which  does  not  involve  any  special  theory  of  their 
nature.  They  may  be  termed  "tendon  muscular  phenomena,"  but  the 
intervention  of  tendons  is  not  necessary  for  their  production ;  the  one 
condition  which  all  have  in  common  is  that  passive  tension  is  essential 
for  their  occurrence,  and  I  have  suggested*  that  they  be  termed  myotatic 
contractions  (raruo?,  extended). f  The  irritability,  on  which  they  de- 
pend, is  due  to  and  demonstrative  of  a  muscle  reflex  action  which  depends 
on  the  spinal  cord.  It  is  highly  probable,  as  Tschirjew  suggested,  that 
the  condition  on  which  the  myotatic  irritability  depends,  is  identical  with 
muscular  "tone."  Since  the  experiments  of  Heidenhain,  it  has  been 
generally  admitted  that  "tone"  depends  on  tension,  and  is  a  reflex 
process.^  A  true  "tendon  reflex"  may  be  excited  by  pinching  the 
tendon,  which  is  a  sensitive  structure  ;§  but  the  movement  produced  is  a 
start  of  the  whole  limb,  precisely  such  as  results  from  a  pinch  of  the  skin. 

The  knee  jerk  is  sometimes  absent  in  diabetes.  We  do  not  know  by 
what  mechanism  it  is  abolished  in  this  disease. 

Paradoxical  Muscular  Contraction. — This  name  has  been  given  by 
Westphal||  to  a  slow  tonic  contraction  occurring  in  a  muscle  when  sud- 
denly relaxed,  or  rather  when  its  course  is  suddenly  shortened.  It  is 
best  seen  in  the  tibialis  anticus.  If  the  foot  is  grasped,  and  passively 
flexed  on  the  leg,  the  tibialis  anticus  contracts,  sometimes  after  an  appre- 
ciable interval ;  its  tendon  stands  out,  and  the  contraction  keeps  the  foot 
flexed  for  some  minutes  (in  one  case  for  twenty-seven),  and  then  slowly 
relaxes.    Repetition  lessens  the  contraction.    It  is  not  voluntary  (although 


*  "  Diagnosis  of  Diseases  of  the  Spinal  Cord,"  2d  edit.,  18S1,  p.  29 

t  If  it  should  ultimately  be  proved  (which  is  very  improbable)  that  so  short  an  interval 
as  one-fortieth  of  a  second  is  sufficient  for  a  reflex  action,  and  that  each  contraction  is 
reflex,  the  term  "myotatic"  will  still  be  accurate,  since  it  will  remain  true  that  tension 
is  essential  for  the  production  of  these  contractions. 

%  By  some  interesting  researches  recently  published,  Mommsen  has  reached  the  =ame 
conclusion  that  muscular  tone  is  dependent  on  a  muscle  reflex  action  excited  by  tension 
acting  on  the  sensory  muscle  nerves.     (  Virchovfs  Archiv,  Bd.  1 10   p   22  ) 

i  The  sensitiveness  of  tendons  was  noted  by  Cowper  at  the  beginning  of  the  last 
century  in  a  case  ,n  which  he  sutured  the  Achilles  tendon,  {PkJL  Tnfns  No  a„ 
P'  I53°  II  *•**./■  Psych.,  Bd.  x,  p.'  243         ' 
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a  voluntary  contraction  may  simulate  it),  for  it  may  be  unilateral.  The 
contraction  produced  by  faradaism  or  by  the  will  may  be  similarly  lasting. 
The  same  phenomenon  may  be  observed  in  the  extensors  of  [he  toes, 
sc.met.mes  in  the  flexors  of  the  knee,  rarely  in  the  arm  muscles.  Its 
mechanism  is  uncertain.-whether  reflex  or  not,  whether  produced  through 
the  muscle  Uself,  or  through  the  tension  on  the  antagonists,  as  Erlenmeyer 
has  maintained.  The  former  is  perhaps  the  more  probable.  It  is  inter- 
esting as  an  excess  of  the  adaptation  which  muscles  undergo  on  their 
passive  elongation  or  shortening.  This  is  probably  one  element  in  the 
appreciation  of  posture.  In  the  cases  that  have  presented  this  phenomenon 
there  has  been  no  muscular  rigidity,  no  great  excess  (even  sometimes 
a  loss)  of  the  myotatic  irritability.  It  occurs  sometimes  in  the  early 
stage  of  tabes,  and  in  some  other  affections,  but  its  significance  is 
not  known.  A  phenomenon  somewhat  similar  occurs  in  hysteria 
(Fere);  the  facts  of  the  hysterical  cases,  and  the  effects  of  chloro- 
form observed  by  Westphal,  suggest  a  relation  between  the  condition 
and  cataleptoid  states. 

Changes  in  Nutrition.— The  nutrition  of  the  tissue  elements  is 
largely  under  the  influence  of  the  nervous  system.  Whether  this  influ- 
ence is  exerted  through  special  "  trophic  "  nerves,  or  merely  through  the 
motor,  sensory,  or  especially  through  the  vasomotor  nerves,  is  a  question 
that  has  been  much  discussed,  and  is  still  undecided.  Many  disturbances 
of  nutrition  can  be  explained  without  the  hypothesis  of  special  trophic 
nerves.  The  fact  regarding  these  changes  that  is  best  established  and 
most  important,  is  that  the  most  acute  disturbance  of  nutrition  is  the 
result  of  irritation  of  the  nerve  trunks  and  centres,  and  is  in  proportion 
to  the  intensity  of  that  irritation.  If  a  thread  is  passed  through  each 
sciatic  nerve,  and  one  is  also  irritated  by  the  application  from  time  to 
time  of  irritant  liquids,  trophic  changes  occur  in  that  limb  with  greater 
rapidity,  and  far  greater  intensity,  than  in  the  other.     (Lewaschew.) 

Nutritive  changes  in  the  skin  are  easily  recognized,  but  they  differ  much 
in  their  character  according  to  their  acuteness.  When  they  are  rapid, 
and  due  to  very  acute  irritation  of  the  nerves  or  the  spinal  cord,  such  as 
attends  acute  myelitis,  the  temperature  of  the  limb  is  raised,  the  vessels 
readily  dilate,  and  remain  dilated  for  a  long  time,  bullae  form,  containing 
a  dark-colored  liquid,  and  slight  pressure  occasions  a  slough.  These 
changes  sometimes  occur  spontaneously,  but  are  more  often  excited  by 
some  cutaneous  irritation,  and  very  slight  irritation  of  the  skin  will  suffice 
to  produce  them.  Trifling  pressure  will  set  up  a  slough,  and  extensive 
vesication  may  result  from  the  application  of  a  hot -water  bottle  that  is  not 
more  than  pleasantly  warm  to  a  healthy  hand.  When  the  nerve  irritation 
is  intense,  effusion  may  occur  into  the  joints. 

In  the  case  of  the  fifth  nerve,  acute  trophic  changes  occur  in  the  eye- 
ball chiefly  when  the.  disease  involves  the  Gasserian  ganglion,  or  the  nerve 
in  front  of  it.     To  produce  the  same  effect,  a  lesion  behind  the  ganglion 
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has  to  be  more  irritating  than  one  in  front  of  it.  We  do  not  know 
whether  a  similar  relation  obtains  in  the  case  of  the  spinal  nerves  and  the 
spinal  ganglia.  Very  intense  changes  in  nutrition  are  common  in  acute 
inflammation  of  the  spinal  cord. 

The  alterations  in  nutrition  in  chronic  lesions  (which  have  been  care- 
fully studied  by  Paget  and  Weir  Mitchell)  differ  considerably  from  those 
that  result  from  acute  irritation.  There  is  a  slow  change  in  the  nutrition 
of  the  skin,  which  becomes  red,  thin,  and  shiny— the  "glossy  skin"  of 
Paget.  The  subcutaneous  tissue  also  wastes,  so  that  the  finger  tips  become 
pointed.  The  growth  of  the  hair  and  nails  is  retarded,  and  the  latter 
become  brittle.  The  bones  may  suffer  in  their  nutrition,  and  may  break 
more  easily  than  in  health.  If  the  lesion  occurs  during  the  period  of 
growth,  this  is  retarded,  and  the  affected  limb  becomes  shorter  than  the 
corresponding  limb  on  the  other  side.  We  do  not  yet  know  by  what  _ 
nerve  fibres  this  influence  on  growth  is  exerted. 

The  muscles  suffer  in  their  nutrition  from  lesions  of  the  motor  nerves. 
The  bulk  of  a  limb  depends  chiefly  on  the  muscles,  and  therefore  the 
interference  with  their  nutrition  is  quickly  shown  by  a  diminution  in  the 
size  of  the  part.  At  first  there  may  be  merely  flabbiness,  and  an  appear- 
ance of  wasting  th.at  is  not  confirmed  by  measurement,  but  there  is  soon 
an  actual  diminution  in  the  circumference  of  the  limb.  In  extreme  cases 
all  the  muscular  tissue  disappears,  and  the  contour  of  the  limb  is  consid- 
erably changed.  In  comparing  the  size  of  the  limbs  on  the  two  sides, 
it  should  be  remembered  that  the  limbs  on  the  right  side  are  normally 
somewhat  larger  than  those  on  the  left  side,  and  that  the  difference  varies 
according  to  the  occupation  of  the  individual,  and  the  extent  to  which 
this  involves  an  excessive  use  of  the  limbs  on  one  side.  In  measuring, 
great  care  is  necessary  to  secure,  as  nearly  as  possible,  the  same  conditions 
on  each  side,  both  as  regards  the  state  of  the  muscles  and  the  place  of 
measurement.  It  is  best,  wherever  possible,  to  take  the  maximum  meas- 
urement in  each  part,  rather  than  to  attempt  to  make  the  measurement  in 
the  same  place.  In  the  calf,  the  maximum  circumference  should  always 
be  taken.  In  the  thigh,  accurate  measurement  is  extremely  difficult, 
because  a  maximum  cannot  be  taken.  We  may  endeavor  to  measure  at  the 
same  point  in  the  thigh,  at  the  same  distance  from  the  condyle,  but  it  is 
very  difficult  to  be  exact,  and  a  more  accurate  comparison  can  often  be 
made  by  taking  the  minimum  circumference  above  the  knee,  in  spite  of 
the  fact  that  the  muscular  tissue  there  is  small,  and  the  difference  less 
than  it  is  elsewhere.  In  the  forearm  the  best  result  is  obtained  by  taking 
the  maximum  measurement  around  the  muscular  prominence  below  the 
elbow,  over  the  supinator  longus.  In  the  upper  arm,  the  circumference 
is  nearly  the  same  in  the  middle  third,  and  the  middle  of  the  humerus 
may  be  measured,  with  little  risk  of  error.  In  all  cases  care  must  be 
taken  to  draw  the  tape  equally  tight  at  each  place.  It  is  easier  to  do  this 
with  a  flexible  steel  measure  than  with  an  ordinary  tape  measure.  Exact- 
ness in  this  respect  is  best  secured  by  having  a  spring  at  one  extremity  of 
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the  tape,  with  an  index  that  will  show  the  tension,  which  can  thus  be 
kept  the  same  at  each  place. 

Electrical  Irritability.— The  nerves  and  muscles  are  excitable  by 
electricity,  and  the  excitability  is  changed  by  disease,  of  which  the  change 
is  often  an  important  symptom.  It  indicates  the  state  of  nutrition  of  the 
nerve  fibres  and  muscles,  and  from  this  we  can  often  draw  important 
inferences  regarding  the  condition  of  the  centres.  An  outline  of  the 
most  important  facts  regarding  electricity  in  its  application  to  medicine, 
is  given  in  tl^e  Appendix,  but  it  may  be  well  to  mention  here  the  chief 
facts  of  diagnostic  importance. 

In  the  normal  state,  nerve  fibres  are  stimulated  by  either  the  induced 
or  the  voltaic  current,  the  stimulation  of  the  motor  nerves  being  shown 
by  contraction  in  the  muscles  supplied  by  them,  that  of  the  sensory  nerves 
by  the  sensation  that  is  caused.  The  contraction  of  the  muscles  is  con- 
tinuous when  the  faradaic  current  is  applied,  but  if  the  isolated  shocks 
of  which  the  current  consists  are  separately  passed,  each  causes  a  brief, 
momentary  contraction.  When  the  voltaic  current  is  applied,  contrac- 
tion occurs,  with  a  current  of  moderate  strength,  only  when  the  strength 
of  the  current  is  changed,  and  chiefly  when  the  current  commences  or 
ceases  to  pass,  i.  e.,  when  the  circuit  is  "made"  or  "broken."  The 
stimulation  of  the  sensory  nerves  is  greatest  at  those  times,  but  occurs 
also,  in  a  much  slighter  degree,  during  the  whole  time  that  the  voltaic 
current  is  passing.  Hence  this  is  probably  the  case  also  in  the  motor 
nerves,  although  the  stimulation  is  too  feeble  to  produce  a  contraction  in 
health  with  a  strength  of  current  that  can  be  borne.  In  proportion  as 
the  nutrition  of  the  nerve  fibres  is  impaired,  their  excitability  is  lowered 
and  a  stronger  current  of  each  kind  is  required  to  excite  them  and  cause 
contraction  in  the  muscles  they  supply.  When  their  nutrition  is  much 
impaired — /.  e.,  when  the  fibres  are  "degenerated" — no  contraction  can 
be  obtained  even  with  the  strongest  currents. 

The  changes  in  the  excitability  of  the  muscles  are  less  simple,  because 
in  them  there  are  two  excitable  structures — the  terminations  of  the  nerves, 
and  the  muscular  fibres  themselves.  Of  these  the  nerve  fibres  are  the 
more  sensitive  to  faradaism,  and  the  faradaic  stimulation  of  a  muscle  under 
normal  circumstances  is  by  means  of  these  motor-nerve  endings.  Thus 
we  find  that  its  excitability  corresponds  in  degree  to  that  of  the  motor 
nerve  supplying  it.  The  muscular  fibres  themselves  are,  even  in  the 
normal  state,  less  sensitive  to  faradaism  than  the  nerve,  apparently  because 
they  are  incapable  of  ready  response  to  a  stimulus  so  very  short  in  duration 
as  are  the  shocks  of  which  the  faradaic  current  consists.  (The  proof  of 
this  consists  in  the  fact  that  under  the  influence  of  curara,  which  removes, 
the  excitability  of  the  terminations  of  the  motor  nerve,  the  muscle  requires 
a  stronger  faradaic  current  to  stimulate  it  than  in  the  normal  state.)  But 
when  the  nerve  is  degenerated  the  slowly  interrupted  voltaic  current 
stimulates  the  muscle  as  readily  as  in  the  normal  state;  a  contraction 
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occurs  when  the  circuit  is  completed  or  broken — distinctly  slower  than 
that  which  occurs  when  the  nerve  fibres  are  intact,  and  due  to  the  stimu- 
lation of  the  protoplasm  of  the  muscular  fibres  themselves.  The  fact  that, 
under  normal  circumstances,  the  contraction  which  is  caused  by  the  voltaic 
current  is  as  quick  as  that  produced  by  the  faradaic  shock,  is  ground  for 
believing  that,  in  health,  the  voltaic,  as  well  as  the  faradaic  current,  causes 
the  muscle  to  contract  chiefly  by  exciting  the  motor-nerve  endings.  When 
the  motor  nerve  is  degenerated,  and  will  not  respond  to  faradaic  or  voltaic 
stimulation,  the  muscle  also  loses  all  its  power  of  response  to  the  former. 
Apparently  the  nerve  degeneration  is  accompanied  by  changes  in  the 
nutrition  of  the  muscular  fibre,  by  which  any  power  of  response  to  fara- 
daism,  which  it  possessed  in  the  normal  state,  is  lost.  But  the  response 
to  the  voltaic  current  remains,  and  becomes  quickly  more  ready  than  in 
health,  doubtless  in  consequence  of  nutritive  changes  which  develop  what 
the  older  pathologists  called,  truly  enough,  "irritable  weakness."  More- 
over, there  may  commonly  be  observed  a  change  in  the  readiness  of 
response  to  a  certain  mode  of  stimulation  with  voltaism — a  "  qualitative  " 
change,  as  it  is  termed.  In  health,  the  first  contraction  to  occur,  on 
gradually  increasing  the  strength  of  the  current,  is  at  the  negative  pole 
when  the  circuit  is  closed,  and  a  stronger  current  is  required  before  closure 
contraction  occurs  at  the  positive  pole.  But,  in  the  morbid  state  we  are 
discussing,  closure  contraction  may  occur  at  the  positive  pole  as  readily 
as  at  the  negative,  or  even  more  readily — and  contractions,  when  the 
circuit  is  broken,  occur  far  more  readily  than  in  the  normal  state.  This 
condition,  then — faradaic  irritability  lost,  voltaic  irritability  increased  and 
often  changed  in  quality— is  termed  the  "degenerative  reaction,"  because 
it  occurs  when  the  nerve  fibres  are  degenerated ;  and  if  we  test  t/iem  we 
shall  find  no  response  to  any  stimulus,  voltaic  or  faradaic.  It  occurs 
when  the  nerves  are  separated  partially  or  completely  from  their  motor- 
nerve  cells,  and  if  no  such  separation  exists,  it  indicates  an  acute  degen- 
erative change  in  those  nerve  cells. 

But  the  motor-nerve  cells  and  fibres  often  undergo  changes  in  nutrition 
of  a  much  more  chronic  character.  In  this  condition  the  irritability  of 
the  fibres  is  lessened  gradually  and  slowly.  The  irritability  of  the  intra- 
muscular nerve  endings  is  lessened  in  the  same  degree  as  that  of  the 
nerve  trunks,  and  we  have  a  diminution  to  both  faradaism  and  voltaism. 
The  nutrition  of  the  muscular  fibres  is  slowly,  gradually,  impaired;  and 
when  the  nerve  fibres  are  much  affected  the  muscular  fibres  are  also. 
There  is  no  stage  in  which  the  nerve-fibre  irritability  is  lost  and  the 
muscle-fibre  irritability  retained;  hence  there  is  no  condition  of  lost 
faradaic  and  increased  voltaic  irritability  such  as  characterizes  the  degen- 
erative reaction  just  described.  Irritability  is  changed  to  the  one  form  of 
stimulus  just  as  to  the  other. 

Between  these  two  forms  there  are  intermediate  conditions.  For  in- 
stance, the  nerves  may  present  normal  irritability,  and  the  muscle  the 
increased  voltaic  irritability  and  changed  order  of  contraction  met  with 
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in  degeneration.  Probably,  in  these  cases,  some  nerve  fibres  are  degen- 
erated, and  lead  to  the  increased  irritability  of  some  muscular  fibres.  In 
both  nerve  and  muscle  the  character  of  the  reaction  is  determined  by  the 
more  irritable  structures;  hence  it  is  normal  in  the  nerve  and  altered  in 
the  muscle.  This  has  been  termed  by  Erb  the  "middle  form"  of  de- 
generate reaction.  It  would  be  more  accurate  to  call  it  the  "mixed 
form." 

The  various  changes  in  irritability  have  been  thought  to  indicate  the 
existence,  and  vanous  affection,  of  separate  centres  for  the  nutrition  of 
the  nerves  and  muscles,  apart  from,  though  acting  through,  the  motor- 
nerve  cells.  Remembering  that  the  nerves  and  muscles  contain  fibres 
which  suffer  in  different  degrees,  the  phenomena  at  present  ascertained 
may  all  be  explained  on  the  simpler  principle  stated,  without  the  assump- 
tion of  these  special  centres,  of  the  existence  of  which  there  is,  indeed, 
no  evidence. 

Frequently  the  lowered  irritability  of  degeneration  in  the  nerves  is 
preceded  by  a  slight  increase  of  irritability,  very  transient  when  the 
degeneration  is  acute,  of  longer  duration  when  the  degeneration  is  of 
the  slower  variety  just  noticed.  In  some  morbid  states,  again,  in  which 
the  change  of  nutrition  in  the  cells  and  fibres  is  extremely  slight,  an 
increase  may  alone  be  discovered.  I  have  found  such  an  increase,  for 
instance,  in  diseases  regarded  as  functional,  as  paralysis  agitans  and  chorea, 
and  it  is  an  interesting  proof  of  the  molecular  changes  which  underlie,  or 
result  from,  "functional"  maladies. 


THE   MUSCLES:    THEIR   ACTION   AND   PARALYSIS. 

Disease  of  the  motor  nervous  system  is  largely  manifested  by  loss  of 
muscular  action.  Individual  muscles,  as  well  as  groups  of  muscles,  are 
often  separately  affected.  Hence  it  is  desirable  to  consider  the  symptoms 
of  the  paralysis  of  the  more  important  muscles,  before  we  enter  on  the 
study  of  special  diseases. 

The  symptoms  of  the  palsy  of  any  muscle  is  a  loss  of  its  normal  action, 
and  a  knowledge  of  this  action  is  essential  for  the  comprehension  of  those 
symptoms.  The  two  must  therefore  be  considered  together.  They  are 
positive  and  negative  aspects  of  the  same  facts.  It  may  be  well,  at  the 
same  time,  to  mention  the  nerve  by  which  each  muscle  is  supplied. 

The  action  of  muscles  is  threefold,     (i)  By  their  tonic  contraction 

they  maintain  the  parts  in  a  certain  posture,  independently  of  voluntary 

effort.     By  actual  contraction  they  (2)  produce  certain  movements,  and 

also  (3)  oppose  the  action  of  other  muscles  by  a  feebler  contraction  and 

'  thus  steady  the  movement  that  results. 

The  complex  way  in  which  muscles  act  together,  and  modify  each 
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other's  effect,  renders  the  subject  a  very  large  one.  Here,  only  an  out- 
line can  be  given  of  the  more  important  facts  concerning  the  more  im- 
portant muscles.  The  reader  who  desires  to  pursue  the  subject  further 
can  do  so  in  the  "Physiologie  des  Mouvements,"  of  Duchenne,  to  whose 
researches  our  present  knowledge  is  largely  due. 

The  Diaphragm  (phrenic  nerves  from  the  fourth  and  fifth  cervical),  although  a  double 
muscle  with  two  nerves,  habitually  acts  as  a  whole,  the  two  halves  .contracting  simulta- 
neously and  diminishing  each  lateral  curve  of  the  arch.  The  central  tendon  descends 
but  little.  The  abdominal  viscera  are  depressed,  and  the  parietes  protruded.  If  the 
hand  is  placed  beneath  the  ribs,  the  descent  of  the  viscera  beneath  the  diaphragm  can  be 
felt.  When  the  diaphragm  contracts  alone,  as  when  the  intercostals  are  paralyzed,  or  the 
phrenic  nerve  is  faradized,  the  ribs  to  which  the  muscle  is  attached  are  slightly  raised 
during  its  action,  and  this  elevation  causes  a  slight  expansion  of  the  thorax.  In  ordinary 
breathing  this  expansion  is  lost  in  the  action  of  the  intercostals.     In  paralysis  the  inspi- 


Fig. 


Fig.  6. 


Paralysis  and  wasting  of  trapezius  ; 
alteration  in  contour  of  shoulder 
at  rest. 


Ditto,  when  the  arms  are  raised  (the 
right  one  being  aided  by  another 
person). 


ratory  protrusion  of  the  upper  part  of  the  abdomen  is  lost;  it  even  recedes  during  inspi- 
ration instead  of  advancing,  and  a  descent  of  the  viscera  can  no  longer  be  felt  by  the 
hand.  There  often  results  a  remarkable  alternation  in  the  respiratory  movements  of  the 
thorax  and  abdomen,  the  retraction  of  the  one  corresponding  to  the  protrusion  of  the 
other. 

Sterno-mastoid  (spinal  accessory  nerve),  passing  from  the  sternum  and  adjacent  part 
of  the  clavicle  to  the  mastoid  process,  inclines  the  head  toward,  and  rotates  the  face  from 
the  side  on  which  the  muscle  contracts.  Both  muscles  together  support  the  head  in  the 
vertical  portion,  and,  if  it  is  bent  back,  they  bring  it  forward  into,  but  not  beyond  this 
position.  Paralysis  of  one  muscle  has  no  influence  on  the  position  of  the  head,  and  but 
little  on  its  movements.  Other  muscles  supplement  the  loss.  There  is  no  such  thing  as 
a  "paralytic  torticollis."  In  palsy  of  both  muscles,  the  head  can  be  balanced  in  the 
vertical  position,  but  if  it  falls  back,  it  can  be  brought  forward  only  with  great  difficulty. 
Each  sterno-mastoid  is  associated  in  action  with  the  muscles  of  the  other  side-  it  is  a 

"■  ZTT?\ mUSde'"  F°r  inS'anCe'  hl  USing  the  dSht  «">- the  he*  is  turned  to  the 
nght  by  the  left  sterno-mastoid.     This  association  is  sometimes  reproduced  in  disease 
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Fig.  7. 


MUSCLES   MOVING  THE  UPPER   LIMBS. 

Muscles  Moving  the  Scapula  and  Shoulder  Joint.— The  Trapezius  (spinal 
accessory,  lower  cervical  and  uppsr  dorsal  nerves)  consists  of  three  parts.  The  first,  from 
the  occipital  bone  to  the  outer  end  of  the  clavicle,  is  rarely  used  except  in  breathing 
•  (respiratory  portion,  Duchenne).  The  second  part  is  that  which  passes  from  the  lig. 
nuchte,  lowest  cervical,  and  upper  three  dorsal  spines,  downward  and  outward  to  the 
acromion  and  outer  part  of  the  spine  of  the  scapula.  The  lowest  part  passes  from  the 
dorsal  spines  below  the  third,  outward  and  partly  upward,  to  the  inner  half  and  base 
of  the  spine  of  the  scapula.  The  second  part  is  the  chief  elevator  of  the  scapula  and 
shoulder.  With  the  third  part  it  brings  the  scapula  toward  the  spine,  and  puts  the 
shoulder  back.  Both  parts  tend  to  rotate  the  scapula — acromium  up,  lower  angle  out. 
By  this  rotation  the  arm  is  carried  above  the  horizontal  level,  to  which  the  deltoid  raises 
it.  Paralysis  of  the  highest  part  has  little  influence  on  the  movement  of  the  scapula,  but 
causes  a  change  in  the  contour  of  the  neck  (Fig.  5)  especially  conspicuous  on  deep  inspi- 
ration. The  change  in  the  shape  of  the  neck  is  very  great,  when  the  arms  are  raised,  if 
the  whole  trapezius  is  wasted  (Fig.  6).  In  palsy  of  the  middle  part,  the  elevation  of  the 
shoulder  is  imperfect ;  in  that  of  the  third  part,  the  scapula  is  farther  from  the  spine  than 
normal.  In  palsy  of  all  parts,  the  scapula  becomes  rotated  (acromion  down,  inferior 
angle  in)  by  the  weight  of  the  arm  and  the  contraction  of  the  opponents  (Fig.  7).  The 
rotation  may  mask  the  displacement  outward,  due  to  the  paralysis  of  the  lowest  part.  If 
the  clavicular  part  remains,  there  may  be  no  rotation,  but  the  scapula  is  lower  than 
normal. 

The  Rhomboids  (fifth  cervical  nerve,  by  a  branch  that  passes  through  the  scalenus) 
first  rotate  the  scapula  on  the  outer  angle,  moving  the  lower  angle  inward,  and  then  move 
the  whole  scapula  upward  and  inward.  In  strong  elevation, 
they  aid  the  trapezius,  which  prevents  the  rotation  of  the 
scapula.  The  rotatofy  action  aids  forcible  depression  of  the 
raised  arm.  The  muscles  also  fix  the  scapula  for  the  action 
of  the  teres  major.  Their  tone  helps  to  keep  the  scapula 
against  the  thorax  (opposing  the'  pectoralis)  and  in  its  vertical 
position  (opposing  the  serratus),  and  hence,  in  paralysis,  the 
edge  of  the  scapula,  at  rest,  stands  out  a  little,  leaving  a  fur- 
row, and  the  scapula  is  slightly  rotated  (lower  angle  out). 
Movement  is  but  little  interfered  with  by  the  paralysis  of  the 
rhomboids,  the  most  important  effect  being  that  the  move- 
ment backward  of  the  raised  arm  by  the  teres  and  deltoid  is 
feeble  for  want  of  the  fixation  of  the  scapula. 

The  Levator  anguli  scafulce  (third  cervical  nerve)  first 
rotates  the  scapula  on  the  outer  angle  and  then  raises  it. 
The  muscle  is  usually  paralyzed  with  the  trapezius,  and  then 
the  scapula  falls,  but  the  special  effect  of  its  palsy  is  lost  in 
that  of  the  trapezius.  If  the  levator  is  preserved,  and  the 
trapezius  paralyzed,  there  is  great  rotation  of  the  scapula, 
which  is,  as  it  were,  suspended  by  its  inner  angle  (Fig:  7). 

Serratus  magnus  (posterior  thoracic  nerve,  from  the  fifth 
and  sixth  cervical)  carries  the  scapula  outward,  forward,  and 
slightly  upward,  when  the  arm  is  put  forward.  It  tends  to 
rotate  the  scapula  on  the  inner  angle  (acromion  up),  the 
lower  fibres  most  powerfully,  but  this  rotation  is  prevented 
by  the  rhomboids  and  levator  anguli.  It  does  not  raise  the  shoulder  when  the  arm  is 
hanging.  It  helps  to  fix  the  scapula  when  the  posterior  fibres  of  the  deltoid  move  the 
raided  arm  back.  If  the  scapula  is  fixed  by  the  rhomboids,  the  serratus  can  act  on  the 
ribs,  and  aid  forced  inspiration.     It  has  most  inspiratory  effect  when  the  arms  are  elevated. 


Paralysis  and  wasting  of  del- 
toid and  trapezius ;  rotation 
of  scapula,  from  weight  of 
arm,  in  consequence  of  the 
paralysis  of  the  trapezius ; 
progressive  muscular  atro- 
phy. 
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In  paralysis  there  may  be  little  change  in  the  position  of  the  scapula  at  rest,  but  often 
there  is  slight  rotation  (lower  angle  in)  from  the  unopposed  tone  of  the  rhomboids- 


Fig.  8. 


When  the  arm  is  moved  forward  by 
the  anterior  part  of  the  deltoid,  the 
scapula,  no  longer  held  against  the 
thorax  and  moved  forward  by  the 
serratus,  is  rotated  on  its  vertical 
axis  by  the  action  of  the  anterior 
part  of  the  deltoid  on  the  humerus, 
and  of  the  middle  part  on  the  scap- 
ula. Thus  the  posterior  edge  re- 
cedes from  the  thorax,  leaving  a 
groove  into  which  the  hand  can 
sometimes  be  placed  (Fig.  8).  The 
scapula  is,  at  the  same  time,  rotated ; 
lower  angle  inward  and  upward. 
Elevation  of  the  arm  above  the  level 
of  the  shoulder  is  much  weakened, 
but  can  be  imperfectly  effected  by 
the  middle  part  of  the  trapezius. 
Loss  of  the  serratus  weakens  other 
movements,  but  does  not  abolish 
any.  Inspiratory  expansion  of  the 
thorax,  when  the  arms  are  raised,  is 
distinctly  less  on  the  paralyzed  side 
(Poore). 

The  Deltoid  (circumflex  nerve, 
from  the  four  lowest  cervical)  ab- 
ducts the  humerus,  the  anterior  and 
posterior  fibres  also  moving  the  arm 
forward  and  backward  respectively. 
The  arm  is  raised  least  by  the  pos- 
terior, and  most  by  the  anterior 
fibres,  but  even  the  latter  only  ele- 
vate it  to  a  right  angle  with  the  trunk.  Hence,  if  raised  by  the  anterior  fibres,  and  then 
moved  back  by  the  posterior,  it  is  at  the  same  time  depressed.  Elevation  above  a  right 
angle  is  by  rotation  of  the  scapula  (trapezius  and  serratus).  These  muscles  also  fix  the 
scapula  for  the  deltoid,  preventing  the  rotation  (acromion  down,  lower  angle  in)  that  the 
deltoid,  acting  alone,  would  cause.  In  paralysis,  abduction  of  the  arm,  direct,  forward, 
and  backward,  is  almost  lost.  All  the  abduction  that  remains  is  a  trifling  movement  by 
the  supraspinatus.  An  attempt  to  abduct  results  in  rotation  of  the  scapula  and  elevation 
of  the  shoulder  (Fig.  9)  from  an  excessive  innervation  of  the  associated  trapezius  and 
serratus,  which,  as  we  have  seen,  fix  the  scapula  when  the  deltoid  acts.  Paralysis  of 
single  parts  of  the  deltoid  causes  loss  of  the  corresponding  movement  of  the  arm,  but  if 
the  middle  part  only  is  paralyzed,  there  is  still  a  limited  power  of  direct  abduction  by 
the  conjoined  contraction  of  the  anterior  and  posterior  parts,  aided  by  the  supraspinatus. 

The  Supraspinatus  (suprascapular  nerve)  abducts  the  arm,  moves  it  forward,  and  rotates 
it  in.  It  thus  aids  the  deltoid.  Isolated  paralysis  of  the  supraspinatus  has  little  influence 
on  movement  or  position,  but  if  the  deltoid  is  also  paralyzed,  the  head  of  the  humerus  falls 
away  from  the  acromion  far  more  than  when  the  deltoid  is  paralyzed  alone. 

The  Infraspinatus  (suprascapular  nerve)  rotates  the  humerus  outward,  and  in  paralysis 
this  movement  is  lost.  A  difficulty  in  writing  is  produced,  the  movement  along  the  line 
being  by  this  rotation  of  the  humerus. 


Paralysis  of  the  serratus  magnus ;  eversion  and  rotation  of 
scapula  when  the  arm  is  put  forward. 
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action  to  the  infraspinatus,  and  its 


Paralysis  of  right  deltoid;  elevation  of  shoulder 
by  trapezius  on  an  attempt  to  raise  the  arm, 
which  is  slightly  abducted  by  the  supraspi- 
natus. 

;  cut"  of  the  swordsman  and  the  benedic- 


The  Teres  minor  (circumflex  nerve)  has  a  similar 
palsy  has  a  similar  effect. 

The  Subscapulars  (short  subscapular  nerve,  from  the  fifth  and  sixth  cervical)  rotates 
the  humerus  in,  and  ,ts  paralysis  lessens  this  movement  ' 

The    Latissimus   dorsi   (long    subscapular  Fig  9 

nerve,  from  the  brachial  plexus— last  four  cer- 
vical nerves)  lowers  the  raised  arm,  and  puts 
it  back;  the  upper  part  adducts  the  scapula, 
the  lower  depresses  the  shoulder  by  acting  on 
the  humerus,  which  it  tends  to  drag  out  of 
the  socket.  It  inclines  the  trunk  a  little,  and 
both  muscles  together  extend  the  trunk.  In 
paralysis,  forcible  backward  depression  of  the 
raised  arm  is  lost,  and  the  shoulder  cannot  be 
put  back  without  being  also  raised  (by  the  tra- 
pezius). 

The  Pectoralis  major  (anterior  thoracic 
nerves  from  the  brachial  plexus)  consists  of 
two  muscles,  the  action  of  the  clavicular  and 
sternal  parts  being  different.  The  clavicular 
(which  arises  also  from  the  highest  part  of  the 
sternum),  if  the  arm  is  hanging,  brings  the 
shoulder  forward  and  upward,  as  in  shivering; 
if  the  arm  is  raised,  it  is  brought  forward  and 
lowered  to  the  horizontal  position.  The  'mus- 
cle is  thus  concerned,  Duchenne  says,  in  the 

tion  of  the  priest.  The  sternal  portion  lowers  the  raised  arm  from  e,very  position,  and  if 
the  arm  is  hanging,  it  draws  the  shoulder  down.  Paralysis  of  the  upper  part  has  little 
effect  on  the  movement  of  the  arm,  because  the  anterior  fibres  of  the  deltoid  have  the 
same  action.  It  is  easily  recognized  by  making  the  patient  put  his  arms  in  front  of  him 
and  press  the  palms  together.  In  paralysis  of  the  lower  part,  even  with  the  latissimus, 
the  raised  arm  can  still  be  lowered  accurately,  by  the  weight  of  the  arm  and  relaxation  of 
the  elevators,  but  it  cannot  be  lowered  against  even  a  slight  resistance.  Thus  a  black- 
smith with  this  defect  could  wield  a  heavy  hammer,  but  could  not  blow  the  bellows  by 
pulling  downward  a  cord  (Duchenne). 

The  Teres  major  (short  subscapular  nerve)  approximates  the  humerus  and  the  outer 
edge  of  the  scapula,  by  bringing  the  former  to  the  side  of  the  trunk,  and  rotating  the 
latter.  The  simultaneous  contraction  of  the  levator  anguli  and  rhomboids,  fixing  the 
inner  angle,  causes  this  rotation  to  raise  the  prominence  of  the  shoulder.  Hence,  in  a 
forcible  elevation  of  the  shoulder,  the  arm  is  pressed  against  the  side,  the  lower  fibres  of 
the  latissimus  and  pectoralis  major  aiding  the  adduction.  The  teres  cannot  alone  put  the 
arm  behind  the  trunk.  In  paralysis,  the  elevation  of  the  shoulder,  with  the  arm  against 
the  side,  is  lost. 

Muscles  Moving  the  Forearm. —  Triceps  (musculo-spiral  nerve). — The  long  head 
has  an  action  similar  to  the  teres,  but  feebler.  It  contracts  when  the  arm  is  forcibly 
lowered,  and  prevents  the  displacement  downward  of  the  head  of  the  humerus  by  the 
actual  depressors,  the  latissimus  and  pectoralis.  All  parts  extend  the  elbow,  the  long 
head  with  less  force  than  the  others,  but  its  action  on  the  shoulder  joint,  just  mentioned, 
is  important,  because  forcible  depression  of  the  raised  arm  is  often  associated  with  exten- 
sion of  the  elbow.  In  paralysis  of  the  triceps,  the  elbow  can  only  be  extended  by  the 
weight  of  the  forearm,  and  extension  against  gravitation  is  impossible.  Thus  a  man  with 
paralysis  of  the  triceps  cannot  raise  his  hat  in  the  customary  manner.  Flexion  of  the 
elbow  is  uncertain,  on  account  of  the  loss  of  the  antagonistic  steadying  force. 


SO  ACTION    AND    PARALYSIS    OF    MUSCLES. 

The  Brachialis  anticus  (musculocutaneous  and  musculo-spiral  nerves)  flexes  the  elbow 
simply.  Its  rare  isolated  palsy  has  little  effect,  since  it  is  supplemented  by  the  biceps  and 
-supinator  longus. 

The  Biceps  (musculo- cutaneous  nerve)  supinates  the  forearm  if  it  is  pronated,  and  then 
flexes  the  elbow.  In  paralysis  the  flexion  can  still  be  effected,  but  the  traction  on  the  humerus 
causes  pain  at  the  shoulder,  from  the  loss  of  the  support  of  the  long  head  of  the  biceps. 

The  Supinator  longus  (musculo-spiral  nerve)  places  the  forearm  midway  between  pro- 
nation and  supination,  and  then  flexes  the  elbow.  If  it  is  paralyzed,  there  is  a  tendency 
for  supination  to  accompany  flexion  (biceps),  and  if  the  brachialis  anticus  is  also  paralyzed, 
the  elbow  can  only  be  flexed  when  the  forearm  is  supinated. 

If  the  three  direct  flexors  of  the  elbow  are  paralyzed,  feeble  flexion  is  still  possible  by 
the  extensors  of  the  wrist,  which  cross  the  elbow  joint,  but  only  after  the  forearm  has  been 
pronated  and  the  wrist  over-extended. 

Pronators. — The  /.  teres  and  p.  quadratus  (median  nerve)  both  pronate  strongly,  and 
their  palsy  causes  loss  of  this  movement,  but  pronation  to  the  mid-position  is  still  possible 
by  the  supinator  longus. 

The  Supinator  brevis  (musculo-spiral  nerve  by  posterior  interosseal  branch)  is  the  only 
simple  supinator.  If  it  is  paralyzed,  supination  can  still  be  effected  by  the  biceps,  and 
also  by  the  supinator  longus  as  far  as  midway  between  pronation  and  supination. 

Muscles  Moving  the  Hand. — Flexors  of  Wrist. — The/  carpi  ulnaris  (ulnar  nerve) 
and/!  carpi  radialis  (median)  flex  the  wrist.  The  ulnar  tends  to  turn  the  supinated  hand 
still  more  out,  but  they  do  not  move  the  wrist  joint  laterally.  Flexion  indeed  hinders 
the  lateral  movements  of  the  wrist,  in  consequence  of  the  shape  of  the  articular  surfaces. 
The  f.  c.  ulnaris  flexes  the  fifth  metacarpal  bone  on  the  carpus,  as  well  as  the  wrist  joint. 
In  paralysis,  flexion  of  the  wrist  can  only  be  effected  by  the  flexors  of  the  fingers  when 
these  are  extended.  Extension  of  the  wrist  is  unsteady  from  the  loss  of  the  synergic 
contraction  of  the  flexors. 

Extensors  of  Wrist. — E.  carpi  radialis  brevis  et  longus :  c.  c.  ulnaris  (musculo-spiral 
nerve  and  its  radial  branch).     The  short  radial  is  a  direct  extensor;  the  long  radial  and 
the  ulnar  move  the  hand  laterally  as  well.     In  paralysis  of  all  three  extensors,  the  wrist 
can  only  be  extended  by  the  extensors  of  the  fingers  when  the 
Fig.  io.  phalanges  are  flexed.     In  loss  of  the  short  radial,  direct  exten- 

sion is  still  possible  by  the  long  radial  and  ulnar,  and  lateral 
extension  by  one  of  these  alone.  If  either  is  paralyzed,  together 
with  the  short  radial,  direct  extension  is  lost,  and  only  lateral 
extension,  in  the  direction  of  the  remaining  muscle,  is  possible. 
Paralysis  of  either  lateral  extensor,  long  radial  or  ulnar,  leads  to 
permanent  deviation  of  the  wrist  in  the  direction  of  the  remaining 
muscle  (Fig.  io).  The  loss  of  the  long  radial  is  more  serious 
than  that  of  the  ulnar,  because  the  radial  lateral  movement  is  of 
more  importance,  being  needed  for  the  convenient  movement  of 
the  hand  to  the  mouth.  Paralysis  of  the  extensors  impairs  flexion 
of  the  fingers,  from  the  great  shortening  of  the  course  of  the 
Para^sis  of  the  long  tendons,  by  the  flexion  of  the  wrist  that  occurs.  The  ulnar  ex- 
radial  extensor  of  the        tensor  acts  also  synergically  with  the  extensor  of  the  metacarual 

esstes^  !r:  **•*«»*.  -  ««*  *  ^  v  the  ^,  *  ^cJon 

the  hand  toward  the  the  lendon  beneath  "K  styloid  process  of  the  ulna.  Hence,  in 
ulnar  side.  (After  paralysis  of  this  extensor,  the  hand  deviates  laterally  when  the 
Duchenne.)  thumb  is  strongly  extended. 

F  indiri,  F  ■  ■  T  Z*™9"  ****  finger,  ;  Extensor  communis  digitorum  ; 
E.  indlas;  E.  ,mnvm  dtgttz  (musculo-spiral  nerve).  The  common  extensor  moves  the 
fingers  and  then  the  wnst.  When  the  muscle  is  faradized,  the  extension  begins  at  the 
distal  phalanges,  and  these  become  flexed  again,  when  the  hand  is  extended  beyond  the 
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Posture  of  the  hand  in  contraction  of  the  palmar 
fascia,  resembling  that  in  paralysis  of  the  long 
extensors  of  the  finger.  {From  a  sketch  by  Mr, 
V.  Horsley.) 


plane  of  the  forearm,  by  the  tonic  force  of  the  flexors,  the  course  of  their  tendons  being 
elongated  bx  the  extension  of  the  wrist.  But  physiologically  the  muscle  has  little  action 
on  the  last  two  phalanges,  since  they  cannot  be  extended  by  the  long  extensor,  if  the 
interossei,  their  proper  extensors,  are  para- 
lyzed. During  extension  by  the  communis 
the  fingers  are  separated  from  the  second. 
The  extensors  of  the  first  and  last  fingers 
have  a  similar  extensor  action,  but,  in  ad- 
dition, they  adduct  their  respective  fingers 
toward  the  middle  finger.  In  paralysis  the 
extension  of  the  fingers  is  impossible,  but 
if  the  proximal  phalanges  are  passively  ex- 
tended, the  middle  and  distal  joints  can  be 
extended  by  the  interossei.  For  the  lateral 
movements  of  the  digits,  extension  of  the 
proximal  phalanges  is  essential,  and  hence 
these  movements  are  lost,  but  they  can  be 
performed  if  the  proximal  phalanges  are 
passively  extended.  The  posture  of  the 
fingers  due  to  contraction  of  the  palmar  fascia  resembles  that  in  palsy  of  the  long  extensor 
(see  Fig.  11),  but  an  examination  of  the  palm  shows  the  cause  of  the  flexion. 

Flexors  of  fingers ;  F.  sublimis  (median  nerve) ;  F.  profundus  (median  and  ulnar 
nerves).  These  muscles  flex  chiefly  the  second  and  third  phalanges,  the  first  phalanx 
being  flexed  by  the  interossei.  The  superficial  muscle  flexes  the  second  phalanx  on  the 
first,  the  deep  flexes  both.  The  action  on  the  first  phalanx  is  confined  to  extreme  flexion 
of  the  fingers,  and  is  the  less  the  more  the  wrist  is  flexed.  But 
if  the  flexion  of  the  middle  and  distal  phalanges  is  prevented, 
the  first  is  strongly  flexed.  In  extreme  shortening  of  the  course 
of  the  tendons  by  flexion  of  the  wrist,  the  action  on  the  fingers 
is  very  feeble,  and  hence  there  is  a  normal  synergic  action  of  the 
extensors  of  the  wrist.  When  the  extensor  of  the  fingers  is  in 
strong  action,  extending  the  proximal  phalanges,  the  action  of 
the  flexors  on  the  second  and  third  joints  is  very  strong  (tearing 
position).  In  paralysis  of  these  muscles  the  power  of  flexing 
the  last  two  joints  is  lost,  but  the  interossei  still  flex  the  meta- 
carpophalangeal joints.  Paralysis  of  the  deep  flexor  alone  causes 
loss  of  the  power  of  flexing  the  distal  joint,  but  interferes  with 
many  movements,  such  as  playing  on  the  piano.  In  paralysis 
of  these  muscles,  the  unopposed  tone  of  their  opponents,  the  in- 
terossei,  which  extend  these  joints,  lead  in  time  to  over-extension, 
and,  with  repeated  passive  pressure  in  using  the  fingers,  may 
even  produce  a  subluxation  backward.  In  palsy  of  the  sublimis 
this  effect  is  chiefly  seen  at  the  middle  joint  (Fig.  12),  in  that  of 
the  profundus  at  the  distal  joint. 

Interossei  and  lumbricales  (ulnar  nerve,  except  the  outer  two 
lumbricales,  which  are  supplied  by  the  median).  The  interossei 
abduct  and  adduct  the  fingers,  but  only  when  these  are  extended 
at  the  metacarpophalangeal  joints,  and  some  effort  is  required 
for  adduction,  since  the  tendency  of  the  long  extensor  is  to  sepa- 
rate the  fingers,  and  this  influence  has  to  be  overcome.  They 
also  extend  the  second  and  third  phalanges  on  the  first,  and  flex 
the  first  on  the  metacarpal  bones.  The  lumbricales  aid  the 
flexor-extensor  action  of  the  interossei,  but  do  not  move  the  fingers  laterally.     The  oppo 


Fig.  12. 


Paralysis  of  the  fibres 
of  the  flexor  sublimis 
which  act  on  the  two 
middle  fingers :  twelve 
years'  duration.  The 
second  phalanges  of 
these  fingers  are  bent 
backward  and  sublux- 
ated  from  the  contrac- 
ture of  the  unopposed 
interossei,  while  the  last 
phalanges  are  kept  in 
position  by  the  unaf- 
fected flexor  ^profundus. 
{.After  Duckenne.) 
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site  action  of  the  forearm  muscles  and  of  the  interosseal  extensors  and  flexors  is  very- 
important.  Their  synergic  action  steadies  movements,  and  in  many  actions  they  contract 
alternately.  Thus  in  making  a  down-stroke  with  a  pen  or  pencil,  the  long  flexors  bend 
the  last  two  joints;  while  in  making  an  up-stroke,  these  are  extended,  and  the  metacarpo- 
phalangeal joint  is  flexed,  by  the  interossei.     In  paralysis  of  these  muscles  the  lateral 


Fig.  13. 


Fig.  14. 


Fig.  13. — Recent  incomplete  paralysis  of  the  interossei  from  a  punctured  wound  of  the  ulnar  nerve  at  the 
wrist;  attempt  to  extend  fingers.  The  lossof  extension  of  the  last  two  phalanges  is  chiefly  marked  in 
the  last  two  fingers,  from  the  influence  of  the  lumbricales  (supplied  by  the  median)  on  the  others. 
{After  Duchenne.) 

Fig.  14. — Paralysis  of  the  interossei  (ulnar  nerve)  slight  in  degree :  attitude  of  fingers  at  rest. 


Fig.  15. 


Fig.  16. 


Fig.  15.— Attempt  to  unbutton  waistcoat  by  the  hand  shown  in  the  last  figure;  extreme  flexion  of  the 
two  last  phalanges,  and  extension  of  the  first,  on  the  attempt  to  use  the  fingers.    (From  nature.) 

Fig.  16.— Old-standing  palsy  of  interossei  and  thenar  muscles,  showing  the  over-extension  of  the  first 
and  flexion  of  the  last  two  phalanges. 


Fig.  17. 


Fig.  18. 


Fig.  I7.-Paralysis  of  all  the  intrinsic  muscles  of  the  hand  and  of  the  long  flexor' of  the  thumb  in  con- 
sequence of  an  mjury  to  the  brachial  plexus  in  dislocation  of  the  shoulder.  The  fingers  I«  the 
claw-like  attitude,  the  thumb  is  in  extension.    {After  Duchenne  ) 

*£  l8r!7'yi0f  'hC  Ulnar"erTC  fro™  a  «°™d  a.  the  wrist  (indicated  in  the  figure).  Extreme  claw 
like  hand  from  the  unopposed  contraction  of  th»  -™~  .  j,         .     ,      '      extreme  claw- 

thumb.    (After  Duchenne.)  ™  ^^  'nd  '°ng  flexbrS  of  the  fi"S«*  »<> 


movements  are  lost,  but  a  shght  abduction  and  adduction  of  the  index  can  still  be  effected 
by  Us  long  extensors.     Only  the  first  phalanx  can  be  extended,  and  flexion  is  almost 
confined  to  the  last  two  phalanges.     The  first  three  lumbricales,  being  supplied  by  th 
medlan  nerve,  often  escape  when  the  other  muscles  are  paraded  by  an  ilry  to    hi 
ulnar  nerve,  and  these  atd  the  others  when  they  are  merely  weak;  iJnce  the  ifdex  and 
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middle  fingers  seem  to  recover  before  the  others  (Fig.  ,3).  The  position  of  the  hand  at 
rest  becomes  altered.  Normally  there  is  slight  flexion  at  all  joints  by  the  tone  of  the 
muscles,  interossei  and  long  flexors.  In  paralysis  the  first  phalanx  is  in  a  line  with  the 
metacarpal  bones,  while  the  other  phalanges  are  flexed,  the  middle  more  than  the  distal 
(Fig.  14).  In  action  this  flexion  is  always  increased,  the  metacarpo-phalangeal  joints 
become  over-extended,  and  the  other  joints  strongly  flexed  (Fig.  15).  Gradually  the 
hand  assumes  this  posture  even  at  rest  (Fig.  16),  and  ultimately  the  posture  becomes 
warped  into  a  deformity  by  the  over-extension  of  the  first  phalanges,  and  extreme  flexion 
of  the  others,  due  to  the  contracture  of  the  long  extensor  and  of  the  flexors;  the  tendons 
of  these  muscles  stand  out  conspicuously  on  the  back  and  in  the  palm,  and  a  claw-lik. 
attitude  is  developed,  the  "  main  en  griffe  "  (Figs.  17  and  18).  Changes  in  the  articu 
lations  may  ultimately  limit  even  passive  movement. 

Muscles  of  the  Thumb. — Extensor  secundi  internodii pollicis  (musculo-spiral  nerve) 
extends  both  phalanges,  and  moves  the  whole  thumb  backward  and  from  the  fingers,  so 
as  to  bring  it  behind  the  plane  of  the  metacarpus.  It  may  ultimately  extend  the  wrist 
joint,  but  it  never  supinates.  It  is  not  used  in  extending  the  thumb  when  this  is  opposed 
to  the  first  finger.  In  paralysis,  the  metacarpal  bone  of  the  thumb  is  slightly  flexed  on 
the  carpus,  and  is  inclined  forward.  The  second  phalanx  is  flexed  on  the  first,  and  can 
only  be  extended  (by  the  abductor  and  outer  part  of  the  short  flexor)  when  the  metacarpal 
bone  is  adducted,  and  the  first  phalanx  is  flexed.  The  constant  flexion  of  the  second 
phalanx  interferes  with  the  movement  of  the  index  finger,  unless  the  patient  remembers 
to  move  the  thumb  out  of  the  way  by  the  extensor  of  the  metacarpal  bone.  Writing  is 
not  interfered  with  because  the  muscle  is  not  concerned  in  extension  with  opposition. 

The  Extensor  primi  internodii  pollicis  (musculo-spiral  nerve)  is  the  true  abductor  of 
the  thumb.  It  moves  the  metacarpal  bone  outward,  and  extends  the  first  phalanx.  It 
would  move  the  whole  hand  in  th'e  same  direction  as  the  thumb,  were  not  this  tendency 
counteracted  by  the  synergic  contraction  of  the  extensor  carpi  ulnaris  [q.  v.).  It  does 
not  pronate  or  supinate.  In  paralysis,  abduction  of  the  metacarpal  bone  is  less  than 
normal.  There  is  an  undue  flexion  of  the  first  phalanx,  and  the  metacarpal  bone  is  flexed 
on  the  carpus,  so  that  the  thumb  is  drawn  toward  the  palm.  The  loss  of  this  muscle  is, 
however,  compensated  to  a  considerable  extent  by  other  muscles. 

The  Extensor  ossis  metacarpi pollicis  (musculo-spiral  nerve)  is  really  the  long  abductor 
of  the  thumb.  It  moves  the  metacarpal  bone  outward  and  forward,  flexing  it  on  the 
carpus,  and  then  flexes  the  wrist  with  slight  pronation.  It  thus  moves  the  thumb  as  much 
forward  as  outward.  In  paralysis  the  metacarpal  bone  is,  at  rest,  less  inclined  forward 
than  normal,  and  somewhat  abducted,  but  the  first  phalanx  is  in  its  normal  position. 
Movement  of  the  thumb  is  but  little  interfered  with. 

In  combined  palsy  of  the  extensors  of  the  first  phalanx  and  of  the  metacarpal  bone 
(common  in  lead  palsy),  the  thumb  becomes  adducted,  and  is  parallel  to  the  radius. 
The  first  phalanx  is  slightly  flexed  by  the  thenar  muscles. 

The  Thenar  muscles  constitute,  two  groups :  (1)  The  short  abductor  and  outer  portion 
of  the  short  flexor  (median  nerve)  move  the  metacarpal  bone  forward  and  inward  (flexing 
the  first  phalanx),  incline  it  outward,  and  rotate  it  inward,  so  as  to  place  its  palmar  aspect 
opposite  the  fingers.  The  second  phalanx  is  ultimately  extended.  If  the  metacarpal 
bone  is  previously  abducted  the  movement  is  greater  and  amounts  to  circumduction.  (2) 
The  adductor  and  inner  part  of  short  flexor  (ulnar  nerve)  go  to  the  inner  side  of  the 
first  phalanx.  The  metacarpal  bone  is  moved  toward  that  of  the  second  finger;  if  pre- 
viously flexed,  it  is  extended ;  if  previously  opposed  to  the  index,  it  is  moved  a  little 
outward.  The  phalanges  follow  the  movements  of  the  metacarpal  bone,  but  the  first  is 
slightly  flexed  and  the  second  is  extended,  as  the  fingers  are  by  the  interossei. 

The  Opponens  pollicis  (median  nerve)  flexes  the  metacarpal  bone  on  the  carpus,  and 
abducts  it,  but  this  movement  is  insufficient  to  oppose  the  thumb  to  the  index ;  the 
conjoint  action  of  the  abductor  is  necessary  (see  above). 
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The  Flexor  longus  fiollicis  (median  nerve)  flexes  the  second  phalanx  forcibly  and  the 
first  feebly.  It  has  no  action  on  the  metacarpal  bone.  It  is  used  in  writing  (making  a 
stroke  toward  the  body)  and  in  picking  up  a  small  object,  etc.  In  paralysis  this  flexion 
is  lost,  artd  with  it  these  actions;  if  an  object  is  held  between  the  tips  of  the  thumb  and 
forefinger,  the  last  phalanx  of  the  thumb  is  bent  back.  Other  movements  of  the  thumb 
are  not  interfered  with. 

If  all  the  thenar  muscles  are  paralyzed,  the  metacarpal  bone  is  in  the  plane  of  the 
index,  and  drawn  toward  it  by  the  extensor  of  the  second  phalanx,  which  moves  the 


Fig.  19. 


Fig.  20. 


Fig. 


Fig.  19. — Normal  position  of  the  thumb  (for  comparison  with  the  succeeding  figures). 

Fig.  20. — Position  of  the  hand  in  long-standing  paralysis  and  wasting  of  the  thenar  muscles.    Under  the 

influence  of  the  long  extensor  the  metacarpal  bone  of  the  thumb  has  been  brought  into  the  same  position 

as  the  other  metacarpal  bones,  being  rotated  slightly,  so  that  the  back  of  the  thumb  is  in  the  plane  of 

the  back  of  the  hand,  like  the  hand  of  the  ape.    (After  Duchenne.) 
Fig.  21,  from  another  case,  shows  the  same  condition,  but  still  greater  displacement  of  the  metacarpal 

bone  has  taken  place,  from  the  greater  contraction  of  the  extensor.     (After  Duchenne.') 

metacarpal  bone  inward  and  backward.  The  whole  thumb  corresponds  with  the  meta- 
carpal bone  in  position,  the  phalanges  being  normal.  In  paralysis  of  the  short  abductor 
and  flexor,  the  second  phalanx  cannot  be  extended  unless  the  metacarpal  bone  is  ab- 
ducted. These  short  muscles  normally  prevent  the  ab- 
duction that  the  extensor  of  the  second  phalanx  tends  to 
produce.  The  latter,  moreover,  prevents  undue  adduc- 
tion when  the  special  abductors  are  paralyzed,  but  brings 
the  metacarpal  bone  into  the  plane  of  the  index.  Thus 
the  posture  of  the  hand  at  rest  resembles  that  of  the  hand 
of  an  ape  (Figs.  19  and  20).  If  the  abductor  and  oppo- 
nens  are  paralyzed,  the  tips  of  the  thumb  and  fingers  can 
only  be  brought  together  by  flexing  the  last  phalanges  of 
the  digits  (Fig.  22).  Then  the  thumb  can  be  brought 
into  contact  with  the  finger  by  means  of  the  short  flexor, 
which  inclines  the  metacarpal  bone  sufficiently  to  effect 
this,  although  not  enough  for  the  tip  of  the  first  finger  to 
touch  the  thumb  when  its  phalanges  are  extended. 

If  the  short  flexor  is  paralyzed,  the  thumb  can  still  be 
opposed  to  the  first  two  fingers  by  the  abductor,  but  it 
cannot  be  opposed  to  the  two  last  fingers,  on  account  of 
Paralysis  of  the  abductor  brevis  and  the  deficient  lateral  inclination  of  the  thumb,  which  should 
opponens  pollicis.  From  the  want  be  produced  by  this  muscle.  Writing  is  easy  by  means 
of  these  muscles  the  thumb  can    0f  the  short  abductor,  whereas,  if  this  is  lost,  although  the 

only  be  brought  in  contact  with    .1 .  .  ,  ^  .       _    , 

the  tip  of  the  index  by  strong    thUmb  Can  be  °PP0Sed  t0  each  of  the  fing«S.  writing  is 
flexion  of  the  last  two  phalanges 
of  the  fingers,  otherwise  the  tip 


certain 


much  interfered  with. 

If  all  the  thenar  muscles   are   paralyzed, 

°f.^,e  thn.b  °nly  TC\"S,  'he    amount  of  opposition  of  the  thumb  and  fingers  is  still 
middle   of  the  second   phalanx.    „    ..,      ,  , .,      „      .  „    ,  & 

(After  Duchenne.)  possible,  by  means  of  the  flexion  of  the  last  phalanges  of 

the  thumb  and  fingers.     If  all  are  paralyzed  except  the 
adductor,  objects  can  still  be  held  between  the  thumb  and  side  of  the  palm. 
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MUSCLES  OF  THE   LOWER  LIMBS. 

Muscles    Moving   the   Hip  Joint.-The   Gluteus   maximus  (small   sciatic  nerve 
clnefly)  extends  the  hip  joint,  and  feeb.y  rotates  the  thigh  outwa  d.     It  "he  mos 
powerful  extensor  of  the  hip,  and  it  is  chiefly  used  when  a  forcible  extension  is  reqT 
and  the  jo.nt  has  been  prev10usly  flexed.     It  is  employed,  not  in  standing,  or  in  walking 
on  level  ground,  but  ,n  going  upstairs,  or  uphill,  and  in  rising  from  a  seat.     When  it  is 
paralyzed  these  movements  are  difficult. 

The -Gluteus  medius  (gluteal  nerve)  is  the  chief  abductor.  All  parts  of  the  muscle 
have  th.s  action,  but,  m  addition,  the  anterior  third  moves  the  thigh  forward  and  rotates- 
it  inward,  whde  the  posterior  third  moves  it  backward  and  rotates  outward  The  sue 
cess.veaet.on  of  the  several  parts  causes  circumduction.  The  Gluteus  minimus  (gluteal 
nerve)  has  probably  the  same  action.  In  paralysis,  abduction  and  circumduction  are  lost- 
in  standmg  on  the  other  foot  the  pelvis  is  inclined  from  the  affected  side,  and  hence  in 
walk.ng,  there  is  an  oscillation  of  the  trunk,  which  becomes  very  considerable  if  'the 
muscles  of  both  sides  are  affected.  Moreover,  the  unopposed  tone  of  the  outward  rota- 
tors produces  a  permanent  rotation  of  the  leg,  so  that  the  toes  are  directed  outward  and 
from  the  altered  position  of  the  foot,  the  propulsion  of  the  body  in  walking  is  deficient. 

The  Pyriformis,  Gemelli,  Obturator  intemus,  and  Quadratus  femoris  (special  nerves- 
from  the  sacral  plexus),  all  rotate  the  thigh  outward,  and  the  first-named  muscle,  in  ad- 
d.tion,  carries  the  thigh  obliquely  backward  and  outward,  in  the  same  way  as  the  posterior 
fibres  of  the  gluteus  medius.  In  paralysis  of  these  muscles,  external  rotation  is  impossible, 
and  the  unopposed  tone  of  the  internal  rotators  (anterior  fibres  of  the  gluteus  medius  and 
minimus)  causes  the  leg  and  foot  to  be  habitually  turned  inward. 

The  Psoas  (lumbar  nerves)  and  Iliacus  (anterior  crural  nerve)  flex  the  hip  joint,  and, 
in  doing  so,  cause  also  a  slight  rotation  outward.  In  paralysis  flexion  is  lost,  and  the  use 
of  the  leg  in  walking  becomes  impossible. 

The  Tensor  of  the  Fascia  lata  has  a  slight  power  of  flexing  the  hip,  and  at  the  same 
time  rotates  the  thigh  in.  It  normally  counteracts  the  tendency  of  the  ilio-psoas  to  rotate 
outward.  If  it  is  paralyzed,  there  is  a  tendency  for  the  foot  to  turn  out  when  it  is  being 
brought  forward  in  the  act  of  walking. 

Adductors  of  the  Thigh. — The  Pectineus  (obturator  nerve)  causes  an  oblique  move- 
ment forward  and  inward,  i.  c,  a  combined  flexion  and  adduction,  as  in  crossing  the  legs. 
It  also  rotates  outward.  The  Adductor  longus,  and  probably  the  Adductor  brevis  (obtu- 
rator nerves),  have  the  same  action,  but  the  flexion  is  less  than  by  the  pectineus.  The 
Adductor  magnus  (obturator  and  great  sciatic)  causes  a  similar  adduction,  but  while  its 
upper  fibres  rotate  outward,  its  lower  fibres  rotate  in,  and  are  employed  in  keeping  the 
foot  straight  during  adduction  in  riding.  This  is  very  difficult,  if  these  fibres  are  para- 
lyzed. The  foot  then  turns  out  when  the  hip  is  flexed,  either  in  the  recumbent  posture,. 
or  in  walking,  from  the  preponderance  of  rotation  out  by  the  other  adductors.  When  all 
the  adductors  are  paralyzed,  not  only  is  adduction  lost,  but  in  flexion  of  the  hip  the  foot 
is  moved  forward  and  outward,  instead  of  directly  forward,  showing  that  there  is  normally 
a  synergic  action  of  the  abductors  and  adductors  with  the  flexors  in  this  movement. 

Muscles  Moving  the  Knee. — Extensors  of  the  Knee :  Rectus  and  Vasti  (anterior 
crural  nerve). — The  vasti  act  solely  on  the  knee  joint;  the  rectus  also  aids  in  flexing  the 
hip,  but  chiefly  when  the  knee  is  bent.  In  consequence  of  its  passage  over  the  hip  joint, 
moreover,  the  force  with  which  it  extends  the  knee  is  increased  by  the  simultaneous 
extension  of  the  hip.  This  effect  is  useful  in  the  propulsion  forward  of  the  body  in 
walking. 

In  paralysis  of  the  extensors  of  the  knee,  standing  is  still  possible  if  the  knee  is  extended, 
since  the  arrangement  of  the  articulation  renders  a  contraction  of  the  extensors  unneces- 
sary. But  secondary  shortening  of  the  flexors  is  apt  to  occur,  and  then  standing  becomes 
impossible  because  the  knee  cannot  be  perfectly  extended.     In  the  same  way,  walking  is 
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possible  if  the  leg  is  not  moved  forward  beyond  the  vertical  position;  if  it  is,  the  knee 
becomes  flexed  by  the  weight  of  the  leg  and  foot,  and  the  patient  falls  when  he  a  tempts 
to  rest  upon  it.  Rising  from  the  kneeling  posture  in  the  ordinary  way  is  impossible.  In 
partial  paralysis  of  the  muscles,  as  in  pseudo-hypertrophic  paralysis  [q.V.),  the  extension 
of  the  knee,  in  rising,  is  facilitated  by  placing  the  hand  upon  it,  and  so  bnngmg  the  centre 
of  gravity  of  the  body  near  the  fulcrum  of  the  lever  formed  by  the  femur.  If  the  vastus 
internus  and  rectus  are  paralyzed,  the  vastus  externus  may  dislocate  the  patella  by  the 
obliquity  of  its  traction.  The  vastus  internus  never  does  so  in  the  opposite  condition 
because  its  action  is  less  oblique.  . 

Flexors  of  the  Knee.-lte  Sartorius  (ant.  crural  nerve)  flexes  the  hip  and  knee  joints, 
and  has  a  feeble  power  of  rotating  the  thigh  outward  and  the  knee  inward.     It  is  a  muscle 

of  small  importance. 

The  Gracilis  (obturator  nerve)  adducts  the  thigh  more  powerfully  than  it  flexes  the 

knee.     It  rotates  the  leg  inward. 

The  Semitendinous,  Biceps,  and  Semimembranosus  (great  sciatic  nerve)  are  not  only 
flexors  of  the  knee  but  extensors  of  the  hip  joint,  and  are  the  muscles  that  extend  the,  hip 
during  ordinary  walking,  the  gluteus  maximus  (a.  v.)  being  called  into  action  only  during 
special  efforts.    The  leg  is  rotated  inward  by  the  semitendinosus,  outward  by  the  biceps. 

In  paralysis  of  the  flexors  the  resulting  loss  of  the  power  of  flexion  interferes  with 
walking,  since  the  knee  joint  cannot  be  bent,  in  the  forward  movement  of  the  leg,  until 
the  thigh  is  flexed  sufficiently  to  permit  the  weight  of  the  foot  to  flex  the  knee.  To 
prevent  the  toes  striking  the  ground  the  foot  is  unduly  flexed  on  the  leg.  The  loss  of 
the  support  that,  the  flexor  tendons  give  to  the  knee  joint  leads  to  an  undue  strain  on  the 
ligaments,  which  become  stretched,  and  slight  retroflexion  of-  the  joint  may  occur. 

In  paralysis  of  the  muscles  that  extend  the  hip  there  is  a  tendency  to  fall  forward  in 
walking.  To  counteract  this  the  trunk  is  carried  backward,  and  a  fatiguing  strain  op  the 
flexors  of  the  hip  results. 

In  paralysis  of  the  biceps,  the  leg,  during  flexion,  is  rotated  inward;  when  the  biceps 
remains  and  the  other  muscles  are  paralyzed,  there  is  an  undue  rotation  outward.  The 
effect  of  these  abnormal  movements  on  the  ligaments  of  the  joint  is  such  that,  after  a  time, 
the  amount  of  rotation  becomes  greater  than  is  possible  in  health. 

The  Popliteus  (internal  popliteal  nerve)  has  but  a  feeble  power  of  flexing  the  knee. 
Its  chief  action  is  to  rotate  the  leg  inward  when  the  knee  joint  has  been  flexed. 

Muscles  Moving  the  Foot. — Extensors  of  foot  on  leg*  The  Gastrocnemius  and 
Spleus  (internal  popliteal  nerve,  from  the  sciatic)  have  the  same  action.  They  extend  the 
hinder  part  of  the  foot  and  draw  down  the  outer  side  of  the  fore  part  of  the  foot,  but  very 
little  the  inner  side.  Hence  the  foot  is  rotated,  so  that  the  dorsum  looks  outward,  while 
the  whole  foot  is  turned  inward  on  the  axis  of  the  leg.  The  peculiar  inversion  and 
adduction  that  thus  accompanies  extension  is  due  to  the  form  of  the  articular  surfaces. 
The  gastrocnemius  has  very  little  power  of  flexing  the  knee,  but  the  extension  of  the  knee 
increases  the  effect  of  the  muscle  on  the  ankle  joint,  especially  in  walking,  just  as  we 
have  seen  that  the  extension  of  the  hip  augments  the  force  with  which  the  contracting 
rectus  extends  the  knee.  For  direct  extension  of  the  ankle,  the  peroneus  concurs  and 
opposes  the  inversion.  The  only  difference  between  the  gastrocnemius  and  soleus  is  that 
the  latter,  having  no  attachment  to  the  femur,  can  extend  the  ankle  when  the  knee  is 
flexed  as  well  as  when  it  is  extended.  In  paralysis  of  these  muscles  extension  of  the 
ankle  (by  the  peroneus  longus  and  flexor  longus  digitorum)  is  extremely  feeble,  and  the 
foot  can  scarcely  be  carried  beyond  a  right  angle.     Walking  is  greatly  interfered  with ; 

*  These  muscles  have  lately  been  termed  "  plantar  flexors,"  because  they  are  homolo- 
gous with  the  flexors  of  the  wrist.  The  term  is  a  bad  one,  since  it  involves  a  use  of  the 
word  "  flexor  "  in  absolute  contradiction  to  its  proper  signification. 
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standing  ontiptoe  is  impossible.  The  unopposed  peroneus  longus  causes  eversion  of  the 
foot,  lowers  the  head  of  the  first  metatarsal  bone,  and  deepens  the  plantar  arch.  In  time  the 
ankle  joint  becomes  overflexed ;  the  heel  considerably  lowered  and  the  plantar  muscles  and 
fascia  become  shortened.  The  resulting  deformity  is  termed  talipes  calcaneus  (Fig.  23). 
Peroneus  longus  (musculocutaneous  nerve,  from  external  popliteal  of  sciatic)  everts 
the  foot,  lowering  the  inner  border,  narrowing  the  foot,  and  increasing  the  plantar  arch. 
It  also  turns  the  whole  foot  out  on  the  axis  of  the  leg.     It  has  a  very  feeble  power  of 

Fig.  23. 


Talipes  calcaneus  from  atrophic  paralysis  of  the  calf  muscles,  with  flexion  of  the  middle 
and  distal  phalanges  of  the  toes  from  paralysis  of  the  interossei. 

extending  the  ankle.  It  keeps  down  the  inner  part  of  the  foot  during  extension  by  the 
calf  muscles,  as  in  walking.  In  paralysis  of  this  muscle  the  inner  part  of  the  front  foot 
is  not  supported  during  extension,  and  yields  to  slight  force.  The  foot  becomes  adducted 
and  rotated,  so  that  the  sole  is  directed  inward,  in  consequence  of  the  unopposed  action 
of  the  sural  muscles.  The  inability  to  press  the  inner  part  of  the  ball  of  the  foot  firmly 
against  the  ground  leads  to  overaction  of  the  flexors  of  the  great  toe.  The  plantar  arch 
is  lessened;  there  is  "flat  foot." 

Flexors  of  the  Foot. — The  Tibialis  anticus  (anterior  tibial  branch  of  ext.  popliteal 

Fig.  24. 


Talipes  equinus,  due  to  atrophy  of  the  tibialis  anticus  and  secondary  contracture  of  the  calf  muscles. 
In  A  the  foot  is  shown  at  rest ;  there  is  slight  equino-varus.    In  b  it  is  shown  during  flexion,  and  the 
varus  is  changed  to  valgus  by  the  action  of  the  peroneus  longus.    Note  the  increased  extension  of  the 
toes  in  e  from  the  compensatory  over-action  of  the  long  extensors  of  the  toes.     {After  Duckenne.) 
nerve)  produces  simultaneously  three  movements:  it  elevates  the  inner  part  of  the  front 
foot  (opposing  the  peroneus  longus) ;  it  flexes  the  ankle  joint,  and  adducts  the  foot.     The 
Extensor  longus  digitorum  (ant.  tibial  nerve),  besides  extending  the  toes,  flexes  and 
abducts  the  foot.     The  abduction  is  in  consequence,  of  the  outward  position  of  its  tendons 
beneath  the  annular  ligament.     These  two  muscles  together  produce  direct  flex.on  of 
the  foot,  or  flexion  with  adduction  or  abduction,  as  the  force  of  one  or  the  other  prepon- 
derates.    Paralysis  of  either  weakens  flexion,  and  the  corresponding  lateral  movement  is 
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Fig.  25. 


Fig.  26. 


lost,  flexion  being  accompanied  by  the  deviation  effected  by  the  muscle  that  remains.  The 
defect  in  flexion  is  greatest  in  paralysis  of  the  tibialis,  and  the  loss  of  the  instinctive  flexion, 
when  the  leg  is  brought  forward  in  walking,  causes  the  foot  to  catch  against  the  ground. 
Paralysis  of  the  flexors  is  followed  by  secondary  contracture  of  the  extensors,  and  talipes 
equinus  results  (Fig.  24),  which  is  the  greater  the  longer  the  palsy  has  lasted  (Fig.  25). 
Its  occurrence  is  facilitated,  in  many  cases  of  palsy,  by  lessened  growth  of  the  bones  of 
the  leg,  so  that  the  ball  of  the  foot  only  touches  the  ground  when  the  foot  is  extended. 
There  is  usually  slight  rotation  inward  of  the  foot  at  rest,  even  when  the  tibialis  is 
paralyzed  (see  Fig.  24,  a),  because  such  rotation  is  produced  by  the  sural  extensors  (p. 
56),  but  in  this  case  the  slight  valgus  at  rest  is  changed  to  varus  on  an  attempt  to  flex 
the  ankle  (Fig.  24,  b). 

The  Peroneus  brevis  (musculo-cutaneous  branch  of  ext.  popliteal  nerve)  abducts  the 
foot  and  rotates  it,  raising  the  outer  edge. 

The  Tibialis  posticus  (posterior  tibial  nerve  from  int.  pop.)  adducts  the  foot  and  curves 
it,  rendering  the  outer  border  and  instep  more  convex.     Its  power  of  adduction  is  greater 
than  that  of  the  tibialis  anticus, 
and  it  does  not  rotate  the  foot  in 
the  same  manner. 

These  two  muscles  alone  have 
the  power  of  adducting  and  ab- 
ducting without  flexing  or  ex- 
tending; and  in  their  paralysis 
these  simple  movements  are  lost. 
If  one  only  is  paralyzed,  a  de- 
formity develops  corresponding 
to  the  action  of  the  other  muscle, 
— talipes  valgus  in  paralysis  of 
the  tibialis  posticus;  t.  varus  in 
that  of  the  peroneus  brevis. 

The  muscles  moving  the  toes 
present,  in  their  mode  of  action, 
lrom"oldTtanding'1pa'lsy  a  close  correspondence  to  those 
of  the  tibialis  amicus  (in-  of  the  fingers, 
fantile  paralysis)  and  ex-       The  Extensor  longus  digito- 


Extreme    talipes    equinus 


treme  contraction  of  the 


Paralysis  of  the  interossei  and  the 
adductor  and  short  flexor  of  the 
great  toe.  The  first  phalanges  are 
over-extended  and  the  second  are 
flexed,  while  the  hollow  of  the  sole 
is  increased.    {After  Duchenne.) 


calf  muscles.    No  flexor  ''*"*   ^  the   Extm">r  longus 

movement  was  possible.  /»#««*  (anterior  tibial  nerve)  extend  chiefly  the  first  phalanges, 
while  the  Flexor  longus  digilorum  and  Flexor  brevis  (posterior 
tibial  nerve)  flex  the  last  two  phalanges.  The  Lumbricales  and  the  Interossei  (post,  tibial 
nerve  by  ext.  and  int.  plantar),  together  with  the  Abductor  and  Flexor  brevis  minimi 
digiti,  oppose  both  the  other  extensor  and  flexor  muscles,  flexing  the  first  phalanx  and 
extending  the  others.  This  action  is  of  great  importance  in  walking,  since  they  give  the 
last  propulsion  to  the  body  as  the  ball  of  the  foot  leaves  the  ground.  The  Abductor  Ad- 
ductor,  and  Flexor  brevis  follicis  (plantar  nerves  from  post,  tibial),  have  a  similar  action 
on  the  great  toe,  but  with  adduction  or  abduction  respectively.  The  interossei  also  pro- 
duce a  lateral  movement  of  the  toes,  but  this  action  is  of  little  practical  importance.  In 
paralysis  of  the  common  extensor  of  the  toes,  and  of  the  proper  extensor  of  the  great  toe, 
the  tome  force  of  the  interossei  and  analogous  muscles  produces  persistent  flexion  of  the 
first  phalanges  and  extension  of  the  others.  If  the  conditions  are  reversed,  and  the  latter 
muscles  are  paralyzed,  the  first  phalanges  are  over- extended,  sometimes  even  subluxated, 
and  he  two  other  joints  are  flexed,  so  that  a  claw-like  form  of  foot  is  the  result  (Figs.  26 
and  23).  The  final  propulsion  in  walking,  above  described,  is  much  interfered  with,  and 
the  attempt  is  painful  because  the  ends  of  the  toes  are  turned  toward  the  ground 


PART  II. 
DISEASES   OF  THE   NERVES. 


GENERAL  PATHOLOGY. 
Structure.-The  individual  fibres  consist  of  a  central  "axis  cylinder," 
which  is  the  chief  functional  element,  surrounded  by  the  "medullary 
sheath,"  or  "white  substance  of  Schwann,"  composed 
of  myelin  (M,  Fig.  27).  The  latter  is  absent  in  the 
' '  non-medullated ' '  fibres  of  the  sympathetic.  A  deli- 
cate membrane  surrounds  the  white  substance,  called 
the  "primitive  sheath,"  or  the  "sheath  of  Schwann  " 
(S).  Nuclei  (n)  lie  at  intervals  within  the  sheath, 
between  it  and  the  myelin.  The  white  substance  is 
interrupted  at  regular  distances  by  what  are  termed 
"nodes,"  sometimes,  from  their  discoverer,  "nodes 
of  Ranvier"  (N).  The  end  of  each  portion,  or  "in- 
ternode,"  is  enclosed  by  the  sheath,  through  which 
the  axis  cylinder  passes.  Between  the  incurved  ex- 
tremities of  the  sheath  is  a  little  clear  cementing  sub- 
stance, shown  by  the  fine  dotting  in  the  figure.  There 
is  one  nucleus  (n)  to  each  internode,  about  its  middle. 

Around  the  nucleus  is  a  little  protoplasm,  and  it  is 

probable  that  a  very  thin  layer  of  protoplasm  every- 
where lies  between  the  sheath  and  the  myelin.     Each 

internode  may  be  conceived  as  a  cell,  a  fat  cell,  ac- 
cording to  Ranvier,  consisting  of  membrane,  nucleus, 

protoplasm  and  fatty  matter,  the  cells  being  arranged 

end-  to  end,  and  the  axis  cylinder  passing  through  them, 

as  a  string  passes  through  a  series  of  tubular  heads. 

The  internodes  are  shorter  toward  the  termination  of 

a  nerve.     It  is  important  not  to  confound  the  nodes 

with  other,  imperfect,  divisions,  sometimes  termed  the 

"incisions   of  Schmidt"   (IS,  Fig.   27).     These  are 

oblique,  incomplete  divisions  of  the  white  substance. 

node.     They  are  believed  by  some  histologists  to  be  of  artificial  origin,  but 

their  uniform  character  seems  conclusive  evidence  that  they  depend  on 

structural  conditions. 

The  myelin,  Ranvier  suggests,  must  protect  the  axis  cylinder,  since  its 
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Diagram  of  the  structure  oi 
nerve  fibres.  I  and  II, 
medullated,  III,  non-me- 
dullated fibre;  S,  sheath; 
M,  myelin,  or  white  sub- 
stance of  Schwann;  Ac, 
axis  cylinder;  n,  nucleus  ; 
N,  node;  IS,  incision  of 
Schmidt.  {From  a  prepa- 
ration of  the  nerve  fibre 
of  a  frog,  stained  with, 
osmic  acid.) 

Many  exist  in  each 
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almost  liquid  consistence  will  diffuse  pressure  on  the  nerve.  It  may  also 
have  an  insulating  action,  which,  while  not  essential  for  conduction,  may- 
render  conduction  more  perfect.  The  nodal  segmentation  keeps  the  almost 
liquid  myelin  uniformly  distributed  along  the  fibre,  and  permits  nutrient 
material  to  reach  the  axis  cylinder. 

The  "gray  fibres,"  " non-medullated  fibres,"  consist  of  an  axis  cylinder, 
sheath,  and  nuclei  (Fig.  27,  III),  but  contain  no  myelin.  They  constitute 
the  sympathetic  nerves,  but  some  (probably  sympathetic  fibres)  are  found 
in'  all  the  spinal  nerves.  They  are  absent  from  the  nerves  of  special  sense, 
except  the  olfactory,  which  contains  no  other  fibres. 

The  axis  cylinder  of  most  nerve  fibres,  probably  of  all,  is  continuous  in 
one  direction  with  the  process  of  a  nerve  cell,  and  may  be  regarded  as  the 
prolonged  process  of  the  cell,  sharing  all  the  changes  of  nutrition  that  the 
cell  undergoes.  It  has  been  supposed  that  there  are  other  centres  for  the 
nutrition  of  nerve  fibres  than  the  cells  from  which  they  spring,  but  this 
theory,  which  rests  on  no  direct  evidence,  is  unneeded  to  explain  the 
phenomena  of  disease. 

The  nerve  fibres  are  united  into  "fasciculi"  by  delicate  nucleated  con- 
nective tissue,  and  these  fasciculi  are  similarly  connected  into  larger  bundles, 
while  the  whole  nerve  is  surrounded  by  a  dense,  connective-tissue  sheath. 
All  these  tracts  of  connective  tissue  are  continuous.  In  them  the  blood 
vessels  run,  and  nerve  fibres  are  distributed.  These  nervi  nervorum  are 
derived  from  the  nerve  they  supply.* 

Lesions  of  Nerves. — Secondary  Degeneration. — As  we  have  seen,  a 
nerve  fibre  undergoes  the  structural  changes  known  as  "degeneration" 
whenever  it  is  separated  from  the  cell  with  which  it  is  connected.  As  a 
rule,  the  degeneration  is  in  the  direction  of  conduction,  i.  e.,  the  cell  from 
which  the  nerve  fibre  conducts  is  that  which  governs  its  nutrition.  An 
exception  is  presented  by  the  sensory  fibres  in  the  peripheral  nerves,  which 
conduct  upward,  but  degenerate  downward  when  separated  from  the  ganglia 
on  their  roots.  The  degeneration  is  commonly  termed  ;  •  secondary ' '  because 
it  is  dependent  on  a  primary  lesion  of  another  kind— as  division  of  the 
nerve.  Degeneration  also  follows  many  slighter  lesions  of  a  nerve,  com- 
pression, over-extension,  and  the  like,  but  it  is  not  certain  that  this  is  always 
the  same  as  that  which  follows  a  total  lesion.  The  secondary  degeneration 
is  often  called  "Wallerian,"  from  the  name  of  the  pathologist  who  first 
studied  it.  It  is  of  great  importance,  practical  and  theoretical.  The  medul- 
lary sheath  breaks  up  into  segments,  and  these  into  smaller  and  smaller 
fragments,  and  the  minute  globules  and  granules  are  ultimately  removed 
from  the  nerve  sheath.  This  is  then  empty,  the  axis  cylinder  having  also 
perished  during  the  process.  The  nature  of  this  process  of  destruction  has 
been  studied  by  Erb  and  others,  but  has  been  chiefly  elucidated  by  the 
researches  of  Ranvier,  and  must  be  considered  in  some  detail.     Ranvier  has 


*  Horsley,  Royal  Med.  and  Chir.  Soc,  January  22d,  1885. 
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Fig.  28. 


shown  that  it  is  not  a  mere  process  of  death  or  decay,  but  an  active  process 

a  destruct10n  of  the  nerve  as  such  by  the  protoplasm  and  nuclei  of the 

mternodal  cells  that  constitute  it.  e 

The  nature  of  the  process  has  been  chiefly  studied  in  animals.     The  most 

important  facts  are  illustrated  in  Fig. 

28,  in  which  the  examples  have  been 

selected   from  Ranvier's   figures  and 

reduced   to  one  tint.     In  the  rabbit 

the  first  changes  are  to  be  perceived 

at  the  end  of  twenty-four  hours.     The 

nuclei  are  increased  in  size  (Figs.  A  n, 

B  n),  the  amount  of  protoplasm  about 

them  is  greater  than  normal  and  it  is 

granular,  and  there  is  in  places  a  local 

increase  in  the  amount  of  protoplasm 

within    the    sheath,  compressing    the 

myelin  (A  x,  B  x,  C  x).     The  nuclei 

then  become  detached  from  the  sheath ; 

the  protoplasm  everywhere  increases, 

and  encroaches  on  the  myelin,  until 

here  and  there  it  meets  across  the  tube, 

completely  separating  the  myelin  (A, 

lower  part ;   B,  upper  part)  and  with 

the  myelin  the  axis  cylinder  (D).   This 

process  then  goes  on  with  increased 

rapidity;  the  myelin  is  broken  up  into 
smaller  and  smaller  fragments  (C,  E, 

F)  which  are  globular  in  the  watery 
protoplasm,  just  as  oil  forms  globules 
in  water.     The  nuclei  meanwhile  con- 
tinue to  enlarge,  and  then  divide,  first 
the  nucleolus  and  then  the  whole  nu- 
cleus (F).     The  two  nuclei  may  again 
divide,  until  (as  in  G)  there  are  four 
or  more  nuclei  in  each  internode,  in- 
stead of  one  only,  as  in  health.     The 
small  globules  of  fatty  myelin  seem  to 
become  changed  in  chemical  compo- 
sition, since  they  are  stained  less  deeply 
by  osmic  acid.     Ranvier  suggests  that 
their  fatty  matter  may  undergo  a  process 
of  saponification.     Ultimately  they  seem  to  pass  through  the  sheath,  are 
taken  up  by  connective-tissue  cells  and  lymphatic  cells  in  the  vicinity  (as  in 
J),  and  are  gradually,  for  the  most  part,  removed.     By  the  time  the  myelin 
is  in  small  globules  the  nuclei  cease  to  multiply.     On  the  removal  of  the 
products  of  degeneration  the  sheath  shrinks,  and  looks  empty  in  places,  but 


A- J.  Degeneration  of  nerve  fibres  (osmic  acid  and 
carmine  staining).  A,  from  sciatic  of  rabbit  four 
days  after  section ;  B,  C,  same,  fifty  hours  after 
section ;  D,  a  fibre  stained  with  carmine  only,  to 
show  the  axis  cylinder;  F,  G,  fibres  from  pigeon 
three  days  after  section ;  H,  two  fibres  from  pneu- 
mogastric  of  rabbit  six  days  after  section;  J,  A 
lymphatic  cell  from  interfibrillar  connective  tissue, 
containing  globules  of  myelin  that  it  has  taken  up ; 
n,  n,  nuclei;  jr,  ^-,  constrictions  of  the  myelin 
produced  by  the  growth  of  the  protoplasm ;  ac, 
axis  cylinder.  K,  L,  regeneration  of  nerve  fibres  ; 
K,  from  pneumogastric  of  rabbit,  seventy-two  days 
after  section ;  L,  from  sciatic  of  rabbit  ninety  days 
after  section ;  et  rounded  end  of  white  substance 
of  central  end  of  nerve ;  s,  sheath ;  na,  new  axis 
cylinder ;  in  L  are  two  globules  of  myelin  remain- 
ing from  the  degeneration  of  the  old  fibre. 
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here  and  there  it  is  enlarged  by  the  nuclei,  protoplasm,  and  a  few  remaining 
myelin  globules  (H).  Hence  in  transverse  section  many  small  sheaths  are 
seen  with  a  few  of  larger  size  where  they  have  been  cut  across  at  these 
swellings. 

In  the  rabbit  the  first  changes  are  visible  at  the  end  of  twenty-four  hours  ; 
the  first  complete  interruption  of  the  myelin  and  axis  cylinder  occurs-about 
the  end  of  the  second  day ;  the  process  of  destruction  is  considerably 
advanced  at  the  end  of  the  fourth  day,  and  is  finished,  and  the  multiplica- 
tion of  the  nuclei  ceases,  toward  the  end  of  the  second  week.  The  changes 
begin  simultaneously  in  the  whole  extent  of  the  separated  portion  of  the 
nerve.  They  progress  more  rapidly  at  its  peripheral  extremity  than  else- 
where. At  the  end  of  the  second  day,  in  the  rabbit,  stimulation  of  the 
nerve  by  electricity  no  longer  causes  muscular  contraction.  Thus  the  disap- 
pearance of  the  electrical  excitability  coincides  in  time  with  the  first  com- 
plete segmentation  of  the  myelin  and  axis  cylinder.  This  interruption 
explains  what  is  termed  the  "  loss  of  excitability ;"  it  does  not  follow  that 
the  fragments  of  axis  cylinder  cannot  be  stimulated ;  their  stimulation  can 
have  no  effect.  When  they  cease  to  be  excitable,  we  cannot  tell.  But  it  is 
not  certain  that  "loss  of  excitability"  is  only  the  result  of  loss  of  con- 
tinuity.    (See  p.  63.) 

Thus  the  process  is  the  result  of  an  active  growth  of  the  nuclei  and  pro- 
toplasm of  the  nerve,  i.  e.,  of  the  cellular  elements  of  which  the  nerve  is 
composed.  Why  should  this  occur?  The  determining  cause  is  the  inter- 
ruption of  the  axis  cylinder — its  separation  from  the  cell  of  which  it  is  a 
process.  It  follows  equally  destruction  of  the  nerve  cell.  Ranvier  points 
out  that  the  destructive  exuberance  of  the  protoplasm,  which  follows  loss  of 
function  in  the  axis  cylinder,  suggests  that  normally  this  function  restrains 
the  vital  energy  of  the  cell  elements.  But  it  is  possible  that  changes  in  the 
nutrition  of  the  axis  cylinder  precede  the  segmentation. 

A  process  of  destructive  cell  activity  suggests  the  idea  of  inflammation. 
The  degeneration  may  be  regarded  as  a  process  of  parenchymatous  inflam- 
mation. Several  observers  have  described  other  indications  of  inflammation 
outside  the  fibres,  especially  increase  of  nuclei,  and  accumulation  of  leuco- 
cytes in  the  interstitial  connective  tissue,  and  even  in  the  nerve  sheath,  and 
also  dilatation  of  the  blood  vessels.  Such  changes  are  intense  at  the  pri- 
mary lesion.  Their  degree  in  the  nerve  below  the  lesion  is  very  variable, 
and  seems  to  be  influenced,  in  some  degree,  by  the  irritative  nature  of  the 
primary  disease. 

The  process  of  secondary  degeneration  occurs  more  slowly  in  the  rabbit 
than  in  the  bird,  and  seems  to  be  still  slower  in  man,  in  whom  it  is  probable 
that  complete  segmentation  does  not  occur  until  between  the  fourth  and 
eighth  days.  It  is  certain  that  an  identical  process  does  occur  in  man. 
This  is  placed  beyond  doubt  by  the  researches  of  Pitres  and  Vaillard  on 
the  changes  in  peripheral  nerves  in  the  neighborhood  of  bedsores,  etc. 
These  are  shown  in  Fig.  29,  a  comparison  of  which  with  Fig.  28  will  show 
the  identity  of  the   process.     It  is  highly  probable  that  after  complete 
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Fig.  29. 
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division  of  a  nerve  in  man  the  changes  are  the  same  as  in  animals, 
the  most  common  lesion  in  man  is  neuritis,  and  in  this  the 
degeneration  is  probably  greatly  modified  by  the  severity  of  the  primary 
lesion ;  in  some  cases  it  occurs  rapidly,  in 
others  very  slowly.  In  the  latter  cases,  which 
are  chiefly  those  of  focal  neuritis,  the  process 
cannot  be  the  same  as  that  which  follows  divi- 
sion of  a  nerve.  The  change  in  irritability, 
which  will  be  more  fully  described  in  the 
account  of  the  symptoms,  is  a  slow  depression, 
sometimes  moderate  in  degree.  The  depression 
may  be  preceded  by  an  increase  in  irritability. 
In  such  cases,  there  can  be  no  complete  seg- 
mentation of  the  nerve  fibres.  There  must  be 
a  gradual  alteration  in  the  molecular  nutrition 
of  the  axis  cylinder,  changing  its  excitability. 
Even  in  severe  cases  there  is  not  usually  a  sud- 
den loss  of  irritability ;  the  current  necessary 
for  stimulation  has  to  be  made  stronger  and 
stronger,  until  at  last  the  strongest  current  the 
patient  can  bear  fails  to  cause  muscular  con- 
traction. But  we  cannot  infer  from  this  that 
there  is  ever  an  actual  interruption  of  the  axis 
cylinder.  A  stronger  current  might  still  excite 
the  nerve.  Moreover,  as  we  shall  presently 
see,  when  a  nerve  is  being  regenerated,  an  axis 
cylinder  may  be  continuous,  and  may  even 
conduct,  and  still  not  be  excitable. 

All  severe  changes  in  the  nutrition  of  the 
fibres  involve  the  intra-muscular  nerve  endings 
in  the  same  degree.  The  evidence  of  this  is 
that  the  faradaic  irritability  of  the  muscles 
(which  depends  on  the  nerves  within  them) 
presents  changes  quite  similar  to  that  of  the 
nerve  trunk.  But  this  is  not  always  true  in 
slight  changes  of  nutrition  of  the  nerve.  We 
shall  presently  see  that  the  slight  alterations  of 
irritability  in  the  nerve  and  muscle  do  not 
always  correspond.  The  nerves  terminate  in 
structures  of  special  nature,  and  these  may  well 
have  some  slight  degree  of  nutritional  indepen- 
dence. 

Regeneration  may  occur  in  the  nerve  after  the  degeneration  is  over 
a  slow  process,  occupying  the  second,  third  and  fourth  month  after  division. 
According  to  Ranvier,  it  occurs  always  by  the  growth  of  new  axis  cylinders 
from  the  central  end  of  the  nerve  (see  Fig.  28,  K  and  L)  which  ultimately 


Degenerating  fibres  from  cutaneous 
nerves  of  man.  {After  Pitres  and 
Vaillard.)  A,  from  near  abedsore 
in  a  case  of  fracture  of  the  skull ; 
B,  C,  D,  from  the  fifth  nerve  in  a 
case  of  neuralgia  and  ulceration  of 
the  lip  ;  n,  n,  nuclei ;  in  A  the  pro- 
toplasm and  nuclei  are  increased, 
myelin  is  being  broken  up,  the  pro- 
cesses having  proceeded  furthest  in 
the  neighborhood  of  the  nucleus  in 
the  middle  of  the  fibre;  in  B  the 
segmentation  has  gone  on  to  the 
formation  of  globules,  which  in  C 
are,  for  the  most  part,  small,  and 
many  have  been  removed,  so  that 
the  fibre  is  narrow ;  while  in  D  all 
the  products  of  degeneration  have 
been  removed  from  considerable 
tracts  of  the  sheath. 


It  is 
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become  covered  with  myelin.  One  or  more  new  fibres  may  spring  from 
each  central  fibre,  and  these  may  subdivide.  All  are  enclosed  in  a  sheath 
which  is  continuous  with  that  of  the  central  end  (Fig.  28,  K,  *.).  «  »  to 
be  presumed  that  only  some  of  these  axis  cylinders  persist  and  achieve  func- 
tional permanence.  Sometimes  these  fibres  twist  about,  and  even  turn  back 
and  grow  upward,  probably  in  the  direction  of  least  resistance.  In  animals, 
new  fibres  may  grow  through  a  considerable  extent  of  cicatricial  tissue 
between  the  divided  ends  of  a  nerve,  but  in  man  it  is  doubtful  whether 
regeneration  of  a  divided  nerve  occurs  unless  the  extremities  are  brought  in 
contact,  or  at  least  close  proximity.  Some  investigators  believe  that  there 
is  a  formation  of  fibres  in  the  peripheral  extremity,  as  well  as  a  growth  of 
new  fibres  from  the  central  end.  It  is  highly  probable  that  the  process,  in 
the  peripheral  part  of  a  nerve,  is  influenced  by  the  connection  with  other 
nerves  and  the  recurrent  course  of  anastomosing  fibres ;  because,  in  man,  the 
suture  of  a  nerve  divided  some  time  before,  in-  the  peripheral  part  of  its 
course,  has  been  followed  by  very  rapid  restoration  of  function.  In  cases  of 
injury  which  does  not  involve  an  actual  interruption  of  the  nerve  fibres, 
regeneration  occurs  more  readily,  and  very  readily  in  slight  lesions,  in  which 
it  is  probable,  as  we  have  just  seen,  that  degeneration  has  been  incomplete, 
and  the  continuity  of  the  axis  cylinder  has  not  been  broken.  The  regen- 
erated nerve  fibres  regain  some  conducting  power  while  they  are  still  much 
narrower  than  normal,  and  before  they  can  be  excited  by  electricity. 

Muscles. — The  degeneration  of  the  motor  nerves  is  attended  by  changes 
in  the  nutrition  of  the  muscles.     These  commence  in  or  after  the  second 
week.     The  muscular  fibres  become  narrower,  and  may  be  reduced,  ulti- 
mately, to  one-third  of  their  former  width.     The  transverse  striation  becomes 
less  distinct,  and  the  striae  seem  to  be  nearer  together  than  in  health.     The 
fibres  may  become  slightly  granular,  but  do  not,  as  a  rule,  present  actual 
fatty  degeneration.     If  no  regeneration  of  the  nerve  takes  place,  the  trans- 
verse striation  gradually  disappears,  and  may  be  replaced  by  a  longitudinal 
striation,  or  the  fibres  may  undergo  certain  chemical  changes,  in  conse- 
quence of  which  they  present  a  peculiar  glassy  appearance,  which  has  been 
called  "vitreous  degeneration."     During  the  progress  of  the  changes  in  the 
fibres,  the  nuclei  of  the  sarcolemma  and  of  the  interstitial  tissue  are  increased 
in  number,  and  cellular  elements,  either  newly  formed,  or  migrated  from  the 
vessels,  develop  into  fibres,  so  that  ultimately  the  muscular  fibres  are  sepa- 
rated by  considerable  tracts  of  connective  tissue,  and  a  state  of  cirrhosis 
results.     If  regeneration  of  the  nerve  occurs,   the  muscular  changes  are 
arrested,  and  the  normal  condition  of  the  fibres  is  slowly  restored.     The 
amount  of  connective  tissue  in  the  muscle  is  often  permanently  increased, 
but  the  size  of  the  fibres  is  reduced  out  of  proportion  to  the  increase  in  the 
connective  tissue,  so  that  the  muscle  is  for  a  long  time  smaller  than  normal, 
and  its  natural  bulk  may  never  be  regained.     If  no  regeneration  of  the 
nerve  occurs,  the  increased  fibrous  tissue  takes  the  place  of  the  lost  muscular 
tissue,   and   slowly  contracts,  so   that   permanent  shortening   may  result. 
Similar  shortening  sometimes  occurs  when  there  is  partial  recovery  of  the 
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nerve  and  muscle.     In  most  lesions  of  nerves,  other  than  actual  division 
some  fibres  recover,  even  though  others  are  permanently  destroyed      The 
muscular  degeneration  is  apparently  the  result  of  that  of  the  motor  nerves 
All  the  phenomenon  be  thus  accounted  for.     (See  p.  45.) 

th^T^T,*  NCrVe  InJUry  and  Degeneration.-The  symptoms 
that  attend  the  les.ons  of  motor  nerves  and  the  consequent  degeneration  are 
of  great  importance.  The  lesion  of  the  nerve  causes  paralysis  of  the 
muscles  supplied  by  it,  due  to,  and  in  proportion  to,  the  interference  with 
the  conducting  power  of  the  nerve.  The  muscles  at  once  become  flabby 
from  loss  of  tone,  and  to  this  atony  actual  wasting  is  added  in  the  course  of 
a  few  weeks.  The  wasting  is  due  to  the  reduction  in  size  of  the  muscular 
fibres.  If  the  sensory  nerve  fibres  are  not  interrupted,  the  muscles  become 
tender  to  the  touch,  and  pain  is  caused  by  their  strong  contraction,  due 
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Type  of  degenerative  reaction  in  a  case  of  nerve  injury  of  moderate  severity.  (After 
Erb.)  Muscle  irritability  lowered  from  middle  of  first  week ;  faradaic,  extinct  in  middle 
of  third,  reappearing  in  ninth ;  voltaic,  increased  from  middle  of  second  week  until 
tenth,  then  depressed  until  fourteenth.  Nerve  irritability  lowered  from  middle  of  first 
week,  lost  at  end  of  second,  reappearing  at  seventh.    Power  lost  until  end  of  fifth  week. 

In  this  and  the  following  figures  the  normal  degree  of  irritability  (ascertained  from  the 
healthy  side)  is  represented  by  the  finely-dotted  horizontal  line  (»./.);  faradaic  irritabil- 
ity, F,  by  a  line  of  larger  dots ;  voltaic  irritability,  V,  by  a  broken  line  ;  M,  muscle ;  N, 
nerve ;  P,  power  of  voluntary  contraction ;  the  asterisk  marks  the  occurrence  of  the 
lesion.    The  vertical  lines  represent  time  intervals. 

probably  to  the  interstitial  inflammation,  and  the  morbid  sensitiveness  of  the 
sensory  nerves  that  end  in  the  interstitial  tissue. 

The  most  important  symptoms  are  those  that  are  afforded  by  electrical 
examination  of  the  muscles  and  nerves,  since  they  enable  the  degenerative 
changes  to  be  ascertained  and  followed  during  life.  The  alterations  in  the 
electrical  reaction,  consequent  on  this  degeneration,  have  been  already 
briefly  mentioned  (p.  43),  but  must  now  be  described  in  greater  detail.  The 
rapid  degeneration  of  a  nerve,  which  follows  a  severe  lesion,  is  attended  by 
a  loss  of  irritability  on  electrical  stimulation,  the  loss  being  the  same  to 
faradaism  and  voltaism.  After  such  lesions  as  are  common  in  man,  neuritis, 
for  instance,  there  is  no  sudden  loss,  such  as  occurs  after  injury  of  a  nerve 
in  an  animal,  when  the  nerve  becomes  segmented,  but  there  is  a  more  or  less 
rapid  diminution  of  excitability,  and  this  goes  on  until  no  stimulation  can 
"  be  produced,  even  by  a  strong  current.  The  progressive  changes  in  irrita- 
bility may  be  conveniently  represented  on  a  chart.     Fig.  30  shows  the  typi- 
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cal  course  of  the  changes  of  irritability  in  a  case  of  moderate  severity.  In 
the  muscle  (M)  a  fall  of  irritability  (due  to  the  degeneration  in  the  nerve 
endings)  occurs  simultaneously  with  that  in  the  nerve  trunk  (N),  and  the 
faradaic  excitability  becomes  extinct  at  the  same  time,  in  both  nerve  and 
muscle.  The  fall  in  voltaic  irritability  is  quickly  arrested  by  the  change  in 
the  muscular  fibres  through  which  they  soon  become  more  excitable  than 
normal  to  the  voltaic  current.  This  change  usually  occurs  during  the 
second  week,  and  the  irritability  continues  to  increase  during  the  third  and 
fourth  weeks.  At  its  maximum  it  may  amount  to  three,  four  or  five  cells  of 
the  battery,  i.  «?.,  contraction  can  be  obtained  in  the  paralyzed  muscles  with 
a  current  weaker,  by  so  many  cells,  than  is  necessary  to  cause  contraction  in 
a  corresponding  unaffected  part.  The  further  course  of  the  changes  in 
irritability  depends  on  the  severity  of  the  lesion  and  the  intensity  of  the 
degeneration.  In  a  case  of  moderate  degree,  such  as  is  shown  on  the  chart, 
nerve  irritability  reappears  about  the  end  of  the  second  month,  usually  after 
some  voluntary  power  is  regained.  It  is  at  first  low,  so  that  a  strong  cur- 
rent is  required.     It  gradually  increases,  but  for  a  long  time  continues  a 
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Type  of  reaction  in  a  case  of  complete  and  permanent  damage  to  a  nerve.  {After  Erb.) 
Early  course  as  in  the  last  diagram ;  no  return  of  power,  nerve  irritability,  or  faradaic 
irritability  in  the  muscle.  The  early  increase  in  voltaic  irritability  gradually  lessens  and 
at  the  end  of  ten  months  falls  below  the  normal,  but  is  not  extinct  until  nearly  two  years. 


little  below  the  normal  degree.  This  return  of  nerve  irritability  is  accom- 
panied by  a  corresponding  return  of  faradaic  irritability  in  the  muscles  (t.  e., 
in  the  intra-muscular  nerves).  The  increase  of  voltaic  irritability  often 
persists  long  after  recovery  of  power,  but  it  lessens  as  faradaic  irritability 
returns,  and,  as  shown  in  the  chart,  it  may  fall  below  the  standard  of  health 
before  it  ultimately  regains  the  normal  degree. 

Slight  changes  in  irritability  can  be  ascertained  only  by  a  comparison  with 
the  corresponding  part  on  the  other  side  in  the  same  individual.  Moreover, 
when  we  speak  of  excitability  being  "lost,"  we  mean  that  we  can  obtain 
no  stimulation  by  any  strength  of  current  that  can  be  borne.  This  strength 
varies  in  different  persons  and  in  different  parts.  The  more  sensitive  the 
part,  the  earlier  irritability  seems  to  be  lost,  and  the  later  it  seems  to  return. 
In  many  cases,  if  we  could  use  very  strong  currents,  the  irritability  would 
be  found  to  be  merely  much  lowered,  although  it  seems  to  be  extinct  when 
we  can  only  test  it  with  currents  of  moderate  strength. 

If  the  lesion  is  very  severe,  so  that  there  is  no  recovery,  and  no  regenera- 
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tion  of  the  nerve,  the  loss  of  nerve  irritability,  and  of  the  faradaic  muscular 
irritability,  is  permanent.  The  increase  in  voltaic  irritability  persists  for 
months,  and  then  gradually  falls,  as  the  muscular  fibres  waste,  and  becomes 
lower  and  lower  (see  Fig.  31),  until  ultimately  no  reaction  can  be  obtained, 
the  fibres  having  perished.  It  does  not  become  extinct  until  at  least  a  year 
has  elapsed,  and  sometimes  (as  in  the  chart)  only  toward  the  end  of  the 
second  year.  Often,  when  no  contraction  can  be  produced  on  the  first 
attempt,  after  two  or  three  separate  applications  of  voltaism,  distinct  con- 
tractions are  obtained. 

The  changes  we  have  hitherto  considered  are  in  the  degree  of  irritability, 
"quantitative"  changes.  But  the  quantitative  increase  in  the  muscular 
irritability  is  accompanied  by  a  change  in  the  order  of  response,  according 
to  the  pole  that  is  applied,  and  the  strength  of  current  that  is  used— a 
"  qualitative  "  change.  We  have  already  considered  its  general  characters 
(p.  44),  and  have  seen  that  it  consists  in  an  undue  readiness  of  response  at 
the  positive  pole  (Anode)  compared  with  that  at  the  negative  pole  (Kathode) 
(Fig.  32,  B  and  C),  the  muscle  being  normally  the  more  sensitive  to  the 
latter  (Fig.  32,  A).  Writing  CI.  for  the  closure  of  the  circuit,  O.  for  its 
opening,  and  C.  for  contraction,  the  normal  reaction  is: — 

1.  K.C1.C;  z-JAn'oc'-'  3'  K-°-C- :  in  disease  we  have 

1.  {^cfc  ■    2-  An-°-c-;   3-  K.O.C.;  or  even. 
1.  An.Cl.C;    2.  K.C1.C;   3.  K.O.C.;   4.  An.O.C. 

Sometimes  a  slight  abnormal  tetanic  contraction  during  the  passage  of  the 
current  also  occurs. 

This  qualitative  change  is  not  always  present,  at  any  rate  in  recognizable 
degree.  Even  when  there  is  a  marked  quantitative  change,  the  kathodal 
closure  contraction  may  still  occur  first.  When  the  change  is  present,  it  is 
only  in  the  muscles,  and  it  must  depend  on  the  muscular  fibres  themselves. 
In  the  motor  nerve  the  kathodal  response  is  always  the  first,  although  a 
qualitative  change  has  been  detected  in  degenerated  sensory  nerves. 

The  muscular  contractions  which  occur  thus  with  undue  readiness  differ 
from  normal  contractions,  excited  through  the  nerves,  in  their  distinctly 
deliberate  character.  Instead  of  the  quick,  lightning-like  contraction,  the 
movement  is  distinctly  longer  in  reaching  its  maximum  and  longer  in  its 
duration.  This  difference  is  very  well  shown  in  the  accompanying  tracings 
of  contraction,  after  Erb  (Fig.  32).  During  the  period  of  increased  voltaic 
irritability,  the  mechanical  excitability  of  the  fibres  is  often  increased.  If 
they  are  directly  percussed,  they  respond  with  a  distinct  slow  contraction 
(Erb). 

Such  are  the  changes  in  irritability  which  occur  in  cases  of  nerve  lesion 
and  degeneration  of  moderate  and  considerable  degrees  of  severity.  Certain 
variations  are  occasionally  met  with,  and  these  are  especially  frequent  cases 
of  neuritis  of  slight  degree.  In  severe  cases  the  fall  in  nerve  irritability, 
which  usually  commences  in  the  middle  of  the  first  week,  may  not  take  place 
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until  the  end  of  this  week,  although  it  may  then  progress  so  rapidly  that  no 
stimulation  can  be  obtained  at  the  end  of  the  second  week.  An  example  of 
this  is  shown  in  Fig.  33.*  The  same  chart,  and  some  of  those  that  follow 
it,  illustrate  another  very  common  variation  from  the  type  above  described. 


Fig.  32. 


Tracings  of  the  muscular  contractions  in  nerve  degeneration.  (After  Erb.)  Ka,  Kathodal 
closure  contraction;  An,  Anodal  closure  contraction.  A,  tracing  in  health;  Ka,  much 
stronger  than  An, ■  contractions  sudden.  B,  tracing  in  nerve  degeneration  with  moderate 
current.  An  much  greater  than  Ka,lhe  latter  scarcely  visible.  Contraction  slower,  shown 
by  the  more  sloping  upstroke.  C,  the  same,  with  a  stronger  current.  Ka  greater,  but  still 
less  than  An;  the  slow  character  of  the  contraction  and  its  long  duration  well  marked. 
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Fig.  33.— Severe  neuritis,  paralysis  complete  for  months ;  recovery  imperfect.  Irritability  of 
nerve,  normal  during  first  week  ;  fell  rapidly  during  the  second  ;  lost  at  its  close.  Simulta- 
neous increase  in  voltaic  irritability.  The  divisions  on  the  left  side  represent  cells  of  the 
voltaic  battery,  and  half-centimetres  of  the  secondary  coil  of  Stohrer's  induction  apparatus, 
in  this  and  the  following  charts. 

Fig.  34.— Slight  neuritis ;  slight  return  of  power  on  seventh  day,  slowly  increasing ;  normal  in 
fifth  week.  Muscle :  faradaic  irritability  lessening  from  fourth  day,  lost  on  fifteenth,  reap- 
pearing on  twentieth.  Voltaic  irritability  normal  till  twelfth  day,  then  augmented.  Nerve 
trunk:  lowered  from  fourth  day  without  initial  increase,  reappearing  on  twenty-third  day; 
changed  alike  to  faradaism  and  voltaism. 

There  may  be  no  fall  in  the  voltaic  excitability  of  the  muscles  before  the 
commencement  of  the  degenerative  increase.     Indeed,  this  initial  fall  is  as 

*  This  and  the  following  charts  are  from  cases  of  neuritis  of  the  facial  nerve. 
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often  absent  as  present*  The  change  in  the  nutrition  of  the  muscle  may 
then  coincide  with,  instead  of  succeeding,  the  degeneration  of  the  nerve 
endmgs  (Figs.  33,  35).  Sometimes,  if  the  degeneration  is  rapid  there  is 
an  interval  of  a  few  days  before  the  secondary  changes  in  the  muscle  have 
reached  the  degree  necessary  to  produce  increased  irritability.  In  a  slight 
degree  of  degeneration,  the  increase  in  the  voltaic  irritability  of  the  muscles 
may  be  postponed  for  a  week  or  more  after  the  nerve  irritability  begins  to 
fall,  and  until  the  rise  occurs,  the  voltaic  irritability  of  the  muscles  may 
remain  normal,  even  when  their  faradaic  irritability  falls  with  that  of  the 
nerve  trunk.     An  instance  of  this  is  shown  in  Fig.  34. 

When  the  nerve  lesion  is  very  slight  in  degree  the  fall  in  nerve  irritability 
may  be  preceded  by  a  rise,  which  may 
be  far  greater  in  degree  than  the  sub- 
sequent fall.  The  fall  may  indeed  be 
not  only  slight,  it  may  be  altogether 
absent,  so  that  the  rise  constitutes  the 
only  symptom.  This  initial  increase 
in  irritability  is  of  considerable  interest 
as  the  manifestation  of  the  slightest 
degree  of  alteration  in  the  nutrition  of 
nerve  fibres,  f  It  may  last  for  a  few 
days  or.  for  two  weeks  (Fig.  35),  and 
I  have  once  known  it  to  continue  for 
five  weeks  (Fig.  36).  Although  the 
change  in  irritability  of  the  nerve  is 
usually  the  same  to  both  currents,  a 
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Slight  neuritis ;  power  not  entirely  lost,  and  became 
normal  during  the  third  week.    Slight  deg.  react. 

m  in  muscle  developed  during  second  week,  and 
continuing  till  seventh.  Nerve  irritability  in- 
creased during  second  week,  passing  during  the 
third  into  transient  depression,  the  voltaic  irrita- 
bility falling  more  than  the  faradaic. 


Fig.  36 . 
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Slight  neuritis  ;  quick  recovery  of  power  during  third  and  fourth  weeks.  Degen. 
react,  in  muscles  present  at  the  end  of  the  second  week,  slowly  lessening,  but 
present  in  slight  degree  until  the  fourth  month.  Considerable  increase  in  irrita- 
bility in  the  nerve  trunk  at  the  end  of  the  second  week,  greatest  to  the  faradaic 
shock  (crosses)  and  lasting  until  the  fifth  week. 


*  The  fall  seems  to  suggest  that  the  voltaic  irritability  of  the  muscular  fibres  is  normally 
below  that  of  the  nerve  endings,  but  the  fact  that  there  is  often  no  fall  seems  incompatible 
with  this  explanation.  It  may  be  that  the  effect  of  a  very  rapid  degeneration  of  the  nerve  is 
first  to  lower  the  irritability  of  the  muscular  fibres,  perhaps  by  an  irritative  inhibition,  and  it 
is  only  when  this  has  passed  away,  by  the  greater  degeneration  of  the  nerve  endings,  that 
the  muscular  excitability  can  be  manifested.  When  the  change  in  the  nerve  is  slight,  such 
inhibitory  influence  may  be  absent. 

f  A  similar  change  is  met  with  in  some  central  diseases,  as  chorea  and  paralysis  agitans. 
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Slight  neuritis ;  power  regained  during  the 
second  week.  Deg  react,  in  muscle  dis- 
tinct on  eighth  day,  lessening  during  sec- 
ond and  third  weeks.  Nerve :  lowered 
faradaic,  normal  voltaic  irritability. 


partial  exception  to  this  rule  is  presented  by  the  increase  in  irritability  we 
are  now  considering.  The  change  is  not  always  quite  equal  to  faradaism 
and  to  voltaism,  and  it  is  frequently  much  more  marked  to  the  isolated 
faradaic  shocks,  than  it  is  to  either  the  voltaic  current  or  the  rapid  succession 

of  shocks  that  constitutes  the  faradaic  cur- 
rent. This  is  shown  very  strikingly  in  Fig. 
36,  and  in  less  degree  in  Fig.  38.  In  the 
former  the  irritability  to  the  two  currents 
was  the  same ;  in  the  latter  that  to  voltaism 
was  distinctly  the  greater.  I  have  once  met 
with  a  slight  but  distinct  and  prolonged 
diminution  in  faradaic  irritability  when  no 
change  could  be  found  to  voltaism  (see  Fig. 
37).  Bernhardt  has  observed  lessened  irri- 
tability to  faradaism  with  distinct  increase 
to  voltaism  in  an  ulnar  nerve  the  seat  of 
traumatic  paralysis.  In  one  singular  case 
of  double  facial  palsy,  with  weakness  of  the  limbs,  and  changes  in  their 
muscular  irritability,  the  voltaic  excitability  of  the  facial  nerves  was  not 
lessened,  although  faradaic  irritability  was  lost  to  such  a  current  as  could  be 
borne.  The  case  resembled  in  characters  diphtheritic  paralysis,  although 
there  was  no  history  of  diphtheria.  It  was  probably  either  a  form  of  multiple 
parenchymatous  neuritis,  or  changed  nutrition  of  the  ganglion  cells.  The 
symptoms  gradually  passed  away.*  * 

Moreover,  the  law  that  the  faradaic  irritability  is  changed  in  the  same 
degree  in  the  muscles  (nerve  endings)  and  in  the  nerve  trunk,  is  also  not 
always  true  of  slight  cases.  The  muscle  nerves 
may  present  no  change  when  the  excitability  of 
the  nerve  trunk  is  considerably  increased  (Fig. 
38).  The  probable  significance  of  this  difference 
has  been  already  mentioned  (p.  63). 

The  electrical  excitability  of  a  nerve  and  its 
power  of  conduction  are  usually  lost  together. 
But  when  a  nerve  is  recovering  from  a  local  lesion, 
and  regeneration  is  in  progress  below  the  lesion, 
some  power  of  conducting  the  voluntary  stimulus 
may  return  in  the  peripheral  portion  before  it 
becomes  excitable  by  any  form  of  electricity. 
Another  rare  anomalous  condition  has  been  noted 
by  Bernhardt  and  Griinberg,  in  recent  cases  of  nerve  injury.  When 
the  lesion  arrests  all  conduction  of  the  voluntary  stimulus,  a  strong  faradaic 
stimulation  of  the  nerve  above  the  lesion  may  still  cause  slight  contraction 
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Very  slight  neuritis.  No  change 
in  muscular  irritability ;  irrita- 
bility of  nerve  trunk  increased 
from  fourth  to  eighth  day,  most 
to  faradaic  shock  (crosses),  least 
to  faradaic  current. 


*  The  observations  were  made  with  great  care  and  with  full  knowledge  of  a  frequent 
source  of  fallacy — the  diffusion  of  the  voltaic  current  to  the  muscles  themselves.  Cyon  has 
observed  a  similar  change  after  injury  to  a  nerve  in  an  animal. 
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in  the  paralyzed  muscles.  It  is  probable  that  this  difference  is  simply  „„, 
of  strength  of  stimulus,  and  that  the  nerve  impulse  generated  by  the  elec 
tncity  is  stronger  than  that  descending  from  the  brain. 

Recovery  of  the  nerve  is  attended  by  gradual  restoration  of  power  over 
the  muscles,  the  nutrition  of  which  slowly  improves;  but  if  the  wasting  has 
been  considerable,  a  long  time  elapses  before  they  regain  their  normal  size, 
and,  as  already  stated,  they  may  be  always  somewhat  smaller  than  the  cor- 
responding muscles  on  the  unaffected  side.  Curious  secondary  spasmodic 
symptoms  are  common  after  palsy  of  the  facial  nerve  {q.  v.)— spontaneous 
muscular  contractions,  and  associated  over-action  of  the  affected  muscles. 
The  associated  over-action  is  very  rarely  met  with  after  palsy  of  the  limbs, 
but  coarse,  fibrillary,  muscular  contractions  are  not  uncommon,  and  may 
persist  for  years  after  recovery.  Their  probable  nature  is  discussed  in  the 
account  of  the  pathology  of  facial  paralysis. 

Sensory  symptoms  also  result  from  lesions  of  the  nerves  that  contain  sen- 
sory fibres.  The  interruption  of  the  fibres  arrests  conduction,  and  causes 
loss  of  sensation  in  the  part  supplied  by  the  nerve,  just  as  it  causes  motor 
palsy.  But  a  slight  lesion  of  the  nerve  may  cause  persistent  muscular 
paralysis,  and  sensation  may  be  unaffected,  or  impaired  only  in  slight  degree, 
and  for  a  short  time.  This  result  is  so  frequent  that  we  cannot  ascribe  it  to 
a  difference  in  the  relative  damage  to  the  motor  and  sensory  fibres.  The 
probable  explanation  is  that  a  slight  degree  of  conduction  may  suffice  for 
the  stimulation  of  the  sensory  centres  in  the  brain,  and  not  for  that  of  the 
muscular  fibres.  In  another  class  of  cases,  however,  we  must  seek  a  differ- 
ent explanation  of  the  persistence  of  sensibility  in  the  area  supplied  by  the 
nerve.  There  may  be  no  less  even  when  a  nerve  is  completely  divided. 
This  is  observed  chiefly  near  the  extremity  of  a  limb.  It  can  only  be 
explained  by  what  is  termed  "recurrent  sensibility."  Anastomoses  exist 
between  the  terminal  fibres  of  different  nerve  trunks,  and  it  would  seem 
that,  in  some  individuals,  the  connection  is  so  abundant  as  to  suffice  for  con- 
duction. Thus,  of  two  persons  in  whom  the  ulnar  nerve  at  the  wrist  has 
been  divided,  one  may  have  total  anaesthesia  in  the  fingers  supplied  by  the 
nerve,  and  in  the  other  there  may  be  little  or  no  loss. 

The  peripheral  segments  of  the  sensory  fibres  degenerate,  like  the  motor 
nerves.  We  cannot  test  them,  and  ascertain  the  degeneration  in  the  same 
way,  in  severe  lesions,  because  their  stimulation  cannot  be  perceived. 
Nevertheless,  an  altered  polar  reaction  has  been  observed  in  slight  cases, 
analogous  to  that  which  occurs  in  the  muscles.  A  sensation  is  produced 
with  the-  positive  pole  by  a  weaker  current  than  is  required  with  the  negative 
pole.  In  very  rare  cases  of  nerve  injury  a  delay  in  conduction  of  pain  has 
been  observed. 

Increased  sensitiveness  in  the  area  of  distribution  of  the  nerve,  with  or 
without  spontaneous  pain,  is  very  common  in  cases  of  partial  lesions  of 
nerves.  It  must  be  referred  to  the  morbid  changes  in  their  fibres,  altera- 
tions in  the  nutrition  of  the  axis  cylinder,  probably  analogous  to  the  slight 
changes  in  the  motor  nerves.     Hyperesthesia,  increased  sensory  excitability, 
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is  analogous  to  the  increased  motor  excitability  that  we  have  seen  is  some- 
times present.  Pain  and  tenderness  of  the  nerve  trunk  are  also  frequent  in 
the  same  cases,  due  no  doubt  to  the  increased  sensitiveness  of  the  "  nervi 
nervorum"  distributed  in  the  sheath.  The  pains  of  both  kinds  are  some- 
times very  severe  and  persistent. 

Reflex  Action. — All  lesions  of  nerves  abolish  reflex  action  in  the  area  of 
the  distribution  of  the  nerve  affected.  In  the  muscles  supplied,  myotatic 
irritability  is  also  lost,  and  this  loss  may  persist  long  after  the  other  symp- 
toms have  passed  away. 

Vasomotor  and  trophic  disturbance  occurs  frequently  in  consequence  of 
lesions  of  nerves.  The  vasomotor  nerves  run  in  the  mixed  nerve  trunks, 
and  suffer  with  the  other  fibres.  The  general  character  of  the  disturbance 
has  been  already  described.  When  the  lesion  is  acute  and  irritative,  vas- 
cular dilatation  and  an  increase  of  temperature  occur  at  first,  and  are  fol- 
lowed by  passive  hypersemia  and  lowered  temperature.  There  may  be 
oedema,  and  an  increased  secretion  of  sweat.  The  changes  in  the  skin, 
acute  and  chronic,  are  those  that  have  been  already  described  (p.  41).  They 
may  occur  when  there  is  no  conspicuous  evidence  of  vasomotor  paralysis. 
The  atrophy  and  smoothness  of  the  skin  is  especially  common.  Occa- 
sionally, instead  of  becoming  thin,  it  increases  in  thickness,  the  nails  often 
become  thick  and  rough  and  present  transverse  furrows.  The  growth  of  the 
hair  may  be  lessened  or  increased.  Sloughing  of  the  skin  is  far  less  common 
than  in  central  diseases,  but  vesication  occurs  with  extreme  readiness.  Mus- 
tard plasters  also  blister  the  skin  more  readily  than  in  health.  It  is  import- 
ant to  remember  this,  because  the  affection  is  one  in  which  hot  applications 
are  often  recommended.  A  gentleman  dislocated  his  shoulder,  and  either 
by  the  displaced  bone,  or  in  the  reduction,  the  brachial  plexus  was  seriously 
injured.  The  muscles  of  the  hand  wasted,  and  the  skin  became  glossy. 
He  was  advised  to  bathe  the  hand  daily  in  hot  water.  One  day  his  wife 
bathed  it  in  water  which  to  her  was  pleasantly  warm,  but  the  result  was  that 
the  hand  was  covered  with  blisters,  and  ulcers  were  left  which  did  not  heal 
for  months.  The  joints  often  suffer  in  their  nutrition.  Acute  inflammation, 
such  as  occurs  sometimes  in  spinal  affections,  is  rare,  but  chronic  changes  in 
the  joints  are  frequent.  Adhesions  and  alterations  in  the  articular  surfaces 
often  limit  the  movement  of  the  joints.  When  the  muscular  wasting  is 
slight,  the  condition  may  resemble  a  primary  joint  affection,  and  thus  a  mis- 
take in  diagnosis  is  sometimes  made. 


INFLAMMATION  OF  NERVES:  NEURITIS. 
Neuritis,  or  inflammation  of  nerves,  presents  various  characters,  which 
have  led-  to  the  distinction  of  numerous  forms.  The  inflammation  usually 
affects  chiefly  the  outer  sheath  of  the  nerve,  and  this  has  been  rather  need- 
lessly distinguished  as  "perineuritis."  It  may  involve  chiefly  the  con- 
nective tissue  between  the  bundles  of  nerve  fibres  ("  interstitial  neuritis  ")  ; 
or  the  nerve  fibres  themselves  ("  parenchymatous  or  degenerative  neuritis  ")'. 
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Our  knowledge  of  the  latter  is  recent,  but  as  an  acute  and  chronic  process 
it  has  been  found  to  be  much  more  frequent  than  was  suspected  a  few  years 
ago.  Some  forms  of  neuritis  have  a  tendency  to  ascend  the  nerve,  and  this 
variety  has  been  termed  "ascending  neuritis"  or  "neuritis  migrans." 
Usually  only  one  nerve  trunk  is  primarily  affected,  but  sometimes  many 
nerves  suffer  at  the  same  time.  This  condition,  "primary  multiple  neuritis," 
is  of  great  importance,  and  will  be  described  in  a  separate  section. 

Most  forms  of  neuritis  may  be  either  acute  or  chronic.  Acute  neuritis 
usually  subsides  into  a  chronic  stage,  and  its  symptoms  may  thus  persist  for 
a  long  time.  Other  varieties  that  have  been  distinguished  depend  upon  the 
cause  to  which  the  inflammation  is  secondary.  Thus  we  may  have  cancer- 
ous, syphilitic  and  other  forms,  and  these  distinctions  have  some  justification 
in  the  fact  that  there  are  some  pathological  differences  in  these  forms  of 
secondary  neuritis. 

Causes. — Any  injury  to  a  nerve  causes  more  or  less  traumatic  inflamma- 
tion at  the  seat  of  injury.  Such  inflammation  occurs  readily,  and  follows 
damage  that  is  slight  as  well  as  that  which  is  severe.  Neuritis  may  thus  be 
set  up  by  all  sorts  of  incised  and  punctured  wounds,  by  contusions,  and  by 
over-extension  of  the  nerves.  Those  that  pass  by  joints  are  liable  to  injury 
from  dislocations,  either  by  the  displacement  of  the  bones,  or  from  pressure 
during  reduction.  The  brachial  plexus  often  suffers  from  this  cause.  In 
fractures  the  nerves  may  be  injured  directly,  or  may  be  compressed  by  the 
callus  that  is  formed.  External  pressure  on  the  nerve  may  also  produce 
inflammation  ;  the  musculo-spiral  and  the  sciatic  often  suffer  from  this  cause. 
The  musculo-spiral  and  the  nerve  to  the  serratus  are  sometimes  damaged  by 
a  violent  contraction  of  the  muscles  through  which  they  pass. 

Neuritis  may  be  set  up  by  extension  from  adjacent  inflammation.  The 
nerves  near  suppurating  joints  may  be  involved,  and  even  those  that  pass  by 
a  joint  that  is  the  seat  of  rheumatic  inflammation.  The  intercostal  nerves 
have  been  affected  by  extension  from  an  inflamed  pleura.  The  cranial 
nerves  and  the  spinal  nerve  roots  are  involved  by  extension  with  especial 
frequency.  Some  of  the  most  important  symptoms  of  meningitis  are  due 
to  the  invasion  of  the  nerves. 

Exposure  to  cold  is  another  cause  of  neuritis.  It  is  then  often  called 
"rheumatic."  The  nerve,  or  rather  its  sheath,  may  be  primarily  affected, 
or  the  first  effect  may  be  inflammation  of  the  fascise,  from  which  the  inflam- 
mation may  spread  to  the  nerve  sheath.  Persons  who  are  liable  to  muscu- 
lar rheumatism,  and  those  who  are  gouty,  suffer  thus  more  than  those  who 
are  prone  to  acute  articular  rheumatism. 

Neuritis  occurs  also  from  certain  general  diseases.  The  chief  are  gout— 
from  which  it  may  develop  without  exposure  to  cold— syphilis,  and  cancer. 
In  the  latter  it  occurs  only  in  the  neighborhood  of  a  cancerous  growth,  but 
the  inflammation  may  be  apparently  simple.  It  occurs  rarely  in  leucocy- 
thsemia,  from  an  infiltration  of  the  nerve  with  leucocytes.  Acute  diseases  may 
also  lead  to  neuritis.  Smallpox,  typhoid  fever  and  others,  may  cause 
simple  neuritis.     Diphtheria  causes   a   special    "parenchymatous       form. 
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Fig.  39. 
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Acute  degeneration  of  the  nerves  has  been  found  in  the  neighborhood  of 
bedsores  in  hemiplegia  (Pitres).  Such  pressure  neuritis  may  be  the  mechan- 
ism by  which  bedsores  are  produced.  Neuritis  may  result  from  lead  poison- 
ing, although  it  is  not  certain  that  the  characteristic  paralysis  which  lead 
produces  is  due  to  neuritis.  Lastly,  multiple  neuritis  has  been  lately  proved 
to  occur  from  many  causes,  of  which  the  chief  is  alcoholism,  and  to  form 
part  of  many  diseases  in  which  it  was  previously  unsuspected. 

Pathological  Anatomy. — In  acute  inflammation  the  affected  part  of  the 
nerve  is  red  and  swollen.  The  redness  depends  on  distended  vessels,  which 
may  be  visible  on  the  surface.  The  swelling  is  due  to  cedema,  or  to  a  sero- 
fibrinous exudation,  sometimes  jelly-like  in  aspect.     The  microscope  shows 

leucocyte-like  corpuscles,  surrounding 
the  vessels,  infiltrating  the  sheath 
(Fig.  39)  and  accumulating  between 
it  and  the  nerve.  There  may  be  even 
small  extravasations  of  blood.  These 
changes  may  be  limited  to  the  sheath, 
in  what  is  called  "perineuritis,"  or 
may  extend  into  the  substance  of  the 
nerve  in  "interstitial  neuritis."  In 
the  latter  case  the  lymphoid  corpuscles 
infiltrate  the  septa,  and  may  even  be 
seen  in  the  substance  of  the  fasciculi 
between  the  nerve  fibres.  These 
changes  may  be  continuous  along  a 
considerable  tract  of  the  nerve  (dif- 
fuse neuritis),  but  more  frequently 
they  are  chiefly  marked  at  certain 
places,  which  are  separated  by  por- 
tions of  the  nerve  which  are  so  little  affected  as  to  appear  to  the  naked  eye 
to  be  normal  (focal  or  disseminated  neuritis).  The  foci  of  inflammation 
are  chiefly  situated  at  places  where  the  nerve  turns  round  a  bone,  or  emerges 
from  canals  or  fasciae,  or  divides. 

The  extent  to  which  the  nerve  fibres  suffer  varies  much.  They  usually 
present  little  change,  when  the  inflammation  is  limited  to  the  sheath,  unless 
the  nerve  lies  in  a  bony  canal,  or  in  rigid  fibrous  tissue,  within  which  the 
sheath  cannot  expand  ;  its  swelling  then  exerts  pressure  on  the  fibres.  When 
the  inflammation  is  interstitial  the  fibres  suffer  more  readily,  although  not 
invariably.  On  the  other  hand,  they  are  sometimes  found  much  altered, 
when  the  connective-tissue  elements  are  but  little  affected.  In  this  case  the 
inflammation  is  probably  "parenchymatous"  and  begins  in  the  nerve 
fibres,  the  interstitial  tissue  being  secondarily  involved.  The  changes  in  the 
fibres  are  almost  the  same  as  those  that  occur  in  degeneration  (Figs.  28  and 
29).  It  was  pointed  out  how  closely  the  two  processes  of  inflammation  and 
degeneration  are  connected,  and  how  difficult  it  is  to  separate,  or  even  to 
distinguish,  them  in  many  cases.     The  myelin  of  the  white  substance  first 


Neuritis :  degeneration  of  nerve  fibres,  the  myelin 
broken  up  into  masses,  globules  and  granules. 
Accumulation  of  leucocytes  in  nerve  sheath. 
From  a  case  of  multiple  neuritis.  {After  Ley- 
den.) 
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breaks  up  into  segments,  more  or  less  elongated,  often  with  smaller  globules 
of  myelin  between  or  bes.de  them.  The  masses  are  cloudy  or  finelygranu 
kr  in  aspect.  The  axis  cylinders  are  interrupted  where  the  myelin's  di- 
vided. The  nuclei  of  the  sheath  are  increased  in  number,  and  the  proto- 
plasm around  them  is  increased  in  quantity.  Next  the  myelin  is  divided 
into  smaller  globules  and  granules,  and  the  axis  cylinder  is  no  longer  recog- 
nizable. The  myelin  then  disappears  in  parts  of  the  tubes,  while  it  remains 
at  other  parts,  but  is  still  more  finely  divided.  Lastly,  the  sheaths  become 
empty,  and  very  narrow,  containing  only  nuclei  at  intervals,  with  here  and 
there  a  little  finely  granular  material,  or  sometimes  some  brownish  pigment 
granules.  The  process  may  thus  go  on  to  complete  destruction  of  the 
fibres.  These  commonly  suffer  unequally  ;  fibres  that  have  a  normal  appear- 
ance are  scattered  among  those  that  are  much  altered. 

In  interstitial  neuritis  the  axis  cylinders  often  suffer  less  than  the  white 
substance.  The  latter  becomes  atrophied,  so  that  the  fibres  are  smaller  than 
normal.  If  the  interstitial  inflammation  is  very  intense  the  fibres  may  break 
up  as  above  described.  As  the  inflammation  subsides,  the  new  cellular 
elements  that  have  made  their  appearance  assume  the  aspect  of  fusiform  cells, 
and  fibrous  tissue  is  developed,  either  from  these  cells,  which  become  less 
numerous,  or  from  the  intercellular  exudation.  This  fibrous  tissue  surrounds 
and  encloses  the  fasciculi,  a  condition  that  has  been  termed  "sclerosis  of 
the  nerve. ' '  A  firm  fusiform  swelling  may  remain  at  the  affected  spot,  and 
this  may  be  adherent  to  adjacent  structures.  Sometimes  fat  is  ultimately 
formed  in  the  new  connective  tissue,  a  condition  that  has  been  rather 
unnecessarily  termed  "  lipomatous  neuritis"  (Leyden) ;  the  fatty  deposit 
does  not  seem  to  be  related  to  any  special  form  of  neuritis. 

In  syphilitic  neuritis,  which  affects  chiefly  the  cranial  nerves,  there  is  a 
cellular  growth  in  the  sheath  and  interstitial  tissue  similar  to  that  which 
constitutes  other  syphilitic  new  formations,  with  a  variable  amount  of  leu- 
cocytal  infiltration  of  simpler  inflammatory  character.  The  growth  in  the 
sheath  may  amount  to  a  distinct  syphilitic  tumor,  with  or  without  interstitial 
changes.  In  cancer,  nerves  adjacent  to  the  new  growth  may  present  simple 
interstitial  neuritis,  or  may  be  infiltrated  by  a  growth  of  cancer  elements 
spreading  to  the  nerve  by  direct  extension. 

The  destructive  changes  in  the  nerve  fibres  extend  down  the  nerve  to  the 
periphery  in  a  process  of  secondary  degeneration,  more  or  less  inflammatory 
in  nature,  and  accompanied  by  more  or  less  interstitial  inflammation.  The 
changes  that  result  are  those  that  have  been  already  described  as  occurring 
in  secondary  degeneration.  Usually  the  central  portion  of  the  nerve  remains 
free,  the  alterations  ceasing  a  short  distance  above  the  seat  of  the  primary 
inflammation.  In  rare  cases  an  ascending  neuritis  (n.  migrans)  passes  up 
the  nerve,  and  may  spread,  at  a  plexus,  to  other  nerve  bundles  and  other 
nerve  trunks.  The  formation  of  fibrous  tissue  in  the  inflamed  part,  and  the 
cicatricial  contraction  of  this  tissue,  often  prolongs  the  irritation  of  the  nerve 
fibres,  and  the  symptoms  due  to  this,  and  a  state  of  "chronic  neuritis"  is 
said  to  be  left. 
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Symptoms. — The  symptoms  of  neuritis  vary  extremely  according  to  its 
intensity,  its  extent,  and  the  nerve  that  is  affected.  The  onset  of  the  acute 
form  is  sometimes  attended  by  some  constitutional  disturbance,  especially 
when  many  nerves  are  affected  (see  Multiple  Neuritis).  The  chief 
symptoms  are  local.  The  most  prominent  is  pain,  felt  in  the  inflamed  part 
of  the  nerve,  and  also  often  in  the  part  to  which  it  is  distributed.  The  local 
pain  is  due  to  the  irritation  of  the  "  nef vi  nervorum,"  the  distant  pain  is 
produced  by  irritation  of  the  proper  fibres  of  the  nerve.  Sometimes  the 
pain  involves  the  whole  limb,  and  in  severe  cases  it  may  be  most  intense, 
burning,  boring,  rarely  darting,  in  character;  usually  worse  at  night; 
increased  by  movement,  by  postures  that  involve  tension  or  pressure  on  the 
nerve,  and  by  whatever  causes  passive  congestion  of  the  limb,  such  as  the 
act  of  coughing.  Sometimes  it  seems  to  radiate  into  distant  parts,  and  not 
rarely  pain  is  also  felt  in  the  corresponding  region  of  the  opposite  limb. 
The  sensitiveness  of  the  whole  of  the  affected  region  is  increased,  and  even 
the  bone  may  be  tender,  so  that  at  first  attention  may  not  be  directed  to  the 
nerve,  but  when  this  is  pressed  great  pain  is  always  produced.  In  slighter 
cases  the  pain  is  usually  limited  to  the  nerve  and  its  distribution.  If  the 
nerve  is  accessible  to  direct  examination,  it  may  be  felt  to  be  distinctly 
swollen  at  the  affected  part.  Occasionally  the  skin  over  it  has  been  observed 
to  be  red,  and  rarely  there  has  been  slight  oedema.  Spontaneous  sensations 
may  be  felt  in  the  region  supplied  by  the  nerve,  tingling,  etc.,  and  the  skin 
may  be  hypersesthetic.  After  a  time,  as  the  nerve  fibres  suffer,  sensation 
may  be  perverted,  or  even  lessened ;  complete  anaesthesia  is  usually  confined 
to  small  areas.  The  muscles  supplied  by  the  nerve  become  weak,  tender, 
and  present  fibrillar  twitchings,  while  they  may  contract  occasionally  in  very 
painful  cramp.  Increased  perspiration  has  been  observed  in  the  part  of  the 
skin  supplied  by  the  inflamed  nerve,  and  sometimes,  although  rarely,  erup- 
tions occur.  Herpes  is  not  common  from  ordinary  acute  neuritis;  a  curious 
fact,  considering  that  one  form  of  neuritis  seems  to  be  its  constant  cause. 
Effusion  into  joints  has  been  observed  in  very  rare  cases.  The  constitutional 
disturbance,  which  may  attend  the  onset,  subsides  in  the  course  of  a  few  days, 
but  the  pain  and  other  symptoms  usually  persist  in  undiminished  severity  for 
several  weeks.     They  ultimately  slowly  subside  into  a  chronic  stage. 

When  the  affection  is  chronic  from  the  commencement,  initial  constitu- 
tional disturbance  is  absent.  Pain  is  the  prominent  symptom  from  the  first. 
It  may  preponderate  either  in  the  nerve  at  the  seat  of  the  inflammation,  or 
in  the  region  of  its  distribution.  The  affection  of  sensibility,  and  the  trophic 
changes,  are  similar  to  those  met  with  in  the  acute  form.  In  both  forms 
the  muscles  may  waste,  and  present  the  reaction  of  degeneration  when  they 
are  tested  with  electricity  (p.  66).  In  slight  cases  the  initial  increase  of 
excitability  in  the  nerve  is  often  Well  marked.  Trophic  changes  in  the  skin 
are  very  common,  especially  the  chronic  impairment  of  nutrition  that  results 
in  the  glossy  condition.  Slight  alteration  in  the  nutrition  of  the  joints  is 
also  common,  and  adhesions  form,  limiting  the  movement,  and  fixing  the 
parts  in  the  position  corresponding  to  the  muscular  paralysis. 
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When  neuritis  ascends  a  nerve,  the  symptoms  gradually  extend  in  area 
and  if  it  reaches  the  plexus  from  which  the  nerve  proceeds,  they  may  extend 
to  all  the  nerves  of  the  limb.  This  "migrating  neuritis  "'is  not  rare  in 
man,  and  is  readily  produced  in  animals.  It  may  reach  the  spinal  cord,  and 
there  produce  various  disturbances.  The  inflammation  may  spread  in  the 
tissue  outside  the  dura  mater,  or  may  extend  to  the  cord,  and  cause  subacute 
or  chronic  myelitis  with  or  without  meningitis.  The  paralysis  that  occurs 
secondarily  to  some  visceral  diseases,  as  those  of  the  bladder,  and  commonly 
regarded  as  reflex  paralysis,  is  probably  produced  through  the  agency  of 
an  ascending  neuritis.  Lastly,  the  inflammation  may  extend  to  the  nerves 
of  the  other  side,  usually  to  those  that  correspond  to  the  primary  seat  of  the 
disease.  Such  extension  may  be  through  the  spinal  cord  or  the  membranes, 
but  in  some  cases  symptoms  occur  in  the  nerve  of  the  opposite  side,  without 
any  indication  of  an  affection  of  the  centres.  Experiments  on  animals  have 
demonstrated  that  such  implication  of  the  opposite  nerve  may  occur  when 
the  centres  are  unaffected.  It  has  been  called  "  sympathetic  neuritis."  We 
have  seen  that  reflected  pains  are  occasionally  felt  in  the  corresponding  nerve 
on  the  opposite  side,  and  it  is  probable  that,  as  in  neuralgia,  vasomotor 
disturbance  in  the  nerve  sheath  may  accompany  such  pains,  and,  in  a  pre- 
disposed person,  may  cause  actual  neuritis. 

The  duration  and  course  of  neuritis  vary  much.  A  slight  acute  neuritis 
may  run  its  course  in  a  few  weeks  and  then  subside.  Much  more  commonly 
the  affection  persists  in  a  chronic  stage  for  many  weeks,  or  even  months, 
and  slowly  passes  off.  The  "  rheumatic  "  forms  are,  as  a  rule,  much  more 
tedious  than  those,  that  result  from  injury,  although  traumatic  neuritis  is 
sometimes  very  insidious  and  may  last  a  long  time ;  it  may  ascend  the  nerve 
from  its  starting-place,  and  become  localized  in  certain  situations,  where  it 
may  develop  afresh,  and  give  rise  to  s.ymptoms  that  may  seem  to  be  inde- 
pendent of  their  cause. 

Diagnosis. — The  diagnosis  of  neuritis  depends,  first,  on  the  localization 
of  the  symptoms  to  the  distribution  of  a  certain  nerve  trunk,  and,  secondly, 
on  the  pain  and  tendernessiin  the  nerve.  The  diffuse  pains  that  attend  the 
onset  may  be  readily  mistaken  for  the  pains  of  acute  rheumatism,  or  for  those 
due  to  an  inflammation  of  the  bone,  but  in  the  course  of  a  day  or  two  the 
localization  of  the  symptoms  declares  their  nature.  The  chronic  form  is 
easily  mistaken  for  neuralgia,  and  the  diagnosis  is  often  difficult,  the  more 
so  in  that  many  so-called  neuralgias  are  really  due  to  neuritis.  The  distinc- 
tion can  only  be  fully  discussed  when  we  have  considered  the  symptoms  of 
neuralgia,  but  it  rests  chiefly  on  the  fact  that  in  neuralgia  the  pain  intermits 
more  completely  than  in  neuritis,  there  is  not  the  same  initial  tenderness  in 
the  nerve  trunks,  and  the  tender  spots  have  a  more  uniform  localization. 
Lessened  sensibility,  showing  organic  damage  to  the  nerve  fibres,  is  conclu- 
sive evidence  of  neuritis.  The  pains  in  some  central  diseases,  chiefly  those 
of  the  spinal  cord,  may  be  thought  to  be  due  to  neuritis,  but  there  is  not  the 
local  tenderness  of  the  nerve  trunk,  and  the  pain  is  not  limited  to  the  distn- 
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bution  of  a  single  nerve.  As  we  shall  see  presently,  the  diagnosis  of  multiple 
neuritis  from  affections  of  the  cord  is  far  more  difficult. 

Prognosis. — The  gravest  form  of  simple  neuritis  is  that  in  which  the  nerve 
is  affected  secondarily  to  a  local  suppurative  inflammation.  The  prognosis 
is  best,  as  a  rule,  in  traumatic  neuritis,  but  the  rule  is  one  to  which  the 
exceptions  are  occasionally  very  considerable  in  degree.  The  rheumatic 
form  is  usually  less  grave  than  the  traumatic.  In  all  cases  the  intensity  of 
the  symptoms,  and  the  evidence  of  descending  degeneration,  furnish  a  more 
trustworthy  guide  to  prognosis  than  does  the  mere  form  of  the  affection. 
The  effects  of  complete  degeneration  always  endure  for  some  months. 
Regeneration  does  not  occur  until  the  original  cause  has  ceased  to  act,  and 
then  occupies  many  weeks  in  its  progress  to  the  restoration  of  functional 
competence.  In  all  forms  pain  is  apt  to  linger  on,  and  in  the  list  third  of 
life  it  may  continue  for  years. 

Treatment. — The  first  consideration  in  the  treatment  of  neuritis  is  the 
removal  of  its  cause,  if  this  can  be  discovered.  A  wound  or  injury  or  local 
inflammation  adjacent  to  the  nerve  must  be  dealt  with  by  appropriate 
measures.  Any  constitutional  cause,  such  as  gout,  must  be  treated.  For 
the  inflammation  of  the  nerve,  it  is  of  the  first  importance  to.  secure  to  the 
part  as  perfect  rest  as  possible.  Movement  causes  mechanical  irritation  of 
the  nerve,  and  involves  functional  stimulation  of  its  fibres,  both  of  which 
are  injurious.  The  nerves  of  a  limb  run  between  muscles,  and  the  contrac- 
tion of  these  muscles  causes  pressure  on  the  inflamed  nerve,  and  irritates  it, 
as  the  pain  thus  produced  sufficiently  shows.  Pain  is  indeed  a  useful  indi- 
cation of  the  harmful  influence  of  movement,  and  all  movement  that  causes 
pain  should  be  avoided.  The  posture  of  the  limb  should  be  such  as  to 
involve  no  pressure  on  or  tension  of  the  nerve.  The  general  treatment  of 
an  acute  neuritis  must  be  that  suitable  for  any  acute  local  inflammation, 
whatever  its  seat, — an  unstimulating  diet,  an  aperient,  and  diuretics.  In 
gouty  cases  a  brisk  purgative  may,  with  advantage,  be  given.  General 
diaphoresis  is  useful  in  cases  that  are  due  to  cold,  and  in  others  local  sweating 
is  often  of  distinct  service.  The  limb  may  be  *steamed,  or  exposed  to  hot 
air.  This  should  be  followed  by  hot  fomentations  applied  along  the  course 
of  the  affected  nerve,  and  these  by  linseed-meal  poultices.  Leeches  may 
also  be  employed  at  the  onset  of  severe  cases.  When  the  inflammation 
results  from  injury,  cold  may  be  applied  along  the  course  of  the  nerve  instead 
of  heat ;  both  probably  modify  the  vascular  disturbance  of  inflammation  in 
a  similar  manner.  Counter-irritation  may  be  used  at  the  onset  of  slight 
cases,  but  when  the  inflammation  is  severe,  this  agent  is  more  effective  during 
the  subsidence  of  the  inflammation  than  during  its  active  stage.  Blisters, 
repeated  mustard  plasters,  or  stimulating  liniments  may  be  used,  but  care 
must  be  taken  not  to  blister  skin  that  is  anaesthetic,  or  troublesome  ulceration 
may  be  caused.  The  same  caution  is  necessary  in  regard  to  hot  applications, 
as  is  shown  by  the  case  mentioned  on  p.  72. 

Spontaneous  pain  requires  sedatives,  of  which  the  hypodermic  injection 
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of  morphia  is  by  far  the  most  effective.  It  should  be  used  only  for  spon- 
taneous pain,  and  not  to  enable  the  patient  to' use  the  limb  in  a  way  that 
would  produce  pain  if  morphia  were  not  given.  Mechanical  irritation  may 
be  equally  injurious,  although  the  pain  which  it  would  cause  is  obviated  by 
the  sedative.  An  injection  of  cocain,  yl-tf  gr.,  also  often  relieves  the 
pain.  In  the  rheumatic  form  salicylate  of  soda  has  been  given,  but  it  is  of 
doubtful  value.  Iodide  of  potassium  sometimes  seems  to  be  useful,  but  no 
agent  has  so  distinct  an  influence  on  the  process  of  inflammation  in  the 
nerve  as  small  doses  of  mercury.  A  grain  of  blue  pill  may  be  given  once 
or  twice  a  day,  and  if  morphia  has  to  be  injected  at  the  same  time,  the 
mercury  is  useful  also  in  correcting  the  constipating  influence  of  the 
morphia. 

In  the  chronic  stage  or  form,  counter-irritation,  by  blisters  or  cautery,  is 
of  great  value.  So  also  is  electricity,  which  has  little  influence  during  the 
acute  stage.  The  voltaic  current  should  alone  be  used.  The  positive  elec- 
trode may  be  placed  over  the  inflamed  part  of  the  nerve,  or  over  the  seat 
of  pain,  and  kept  there  for  ten  minutes  at  a  time,  the  strength  of  current 
being  slight,  such  as  the  patient  can  just  perceive.  In  very  chronic  cases  a 
stronger  current,  sufficient  to  cause  actual  pain,  is  of  service,  applied  in  a 
similar  manner,  but  for  a  shorter  time.  It  has  probably  chiefly  a  counter- 
irritant  influence.  Faradaism  may  be  used  in  the  same  way.  All  painful 
impressions  on  the  skin  lessen,  for  a  time,  the  nerve  pain. 

The  muscles  supplied  by  the  inflamed  nerve  are  best  left  alone,  unless 
their  wasting  is  marked,  or  the  degenerative  reaction  shows  serious  damage 
to  the  motor  fibres.  In  cases  of  moderate  severity  they  will  recover  when 
the  nerve  recovers.  All  that  is  desirable  is  that  they  should  be  gently 
rubbed  once  or  twice  a  day.  If  the  wasting  is  considerable,  however,  or 
there  is  degenerative  reaction,  they  should  be  stimulated  to  gentle  contrac- 
tion by  a  weak,  interrupted  voltaic  current.  They  should  on  no  account  be 
faradized  during  the  active  stage  of  the  affection,  even  if  they  act  to  fara- 
daism. The  acute  pain  that  the  faradaic  stimulus  causes,  and  the  increased 
tenderness  that  lasts  for  hours  afterward,  are  sufficient  evidence  of  its  inju- 
rious effect. 

In  all  cases  attention  to  the  general  health  is  of  great  importance. 
Tonics  are  needed  during  the  chronic  stage.  Change  of  air  will  sometimes 
remove,  in  a  few  weeks,  symptoms  that  have  previously  been  stationary  for 
months. 

The  modifications  of  treatment  that  are  rendered  necessary  by  the  posi- 
tion of  the  neuritis  will  be  considered  when  we  come  to  speak  of  the  affec- 
tions of  the  several  nerves.  The  pathological  varieties  of  neuritis  only  need 
special  treatment  in  so  far  as  they  depend  upon  special  causes,  and  this 
point,  as  already  mentioned,  must  always  be  one  of  the  first  considerations. 

A  description  of  "multiple  neuritis,"  which  should  properly  be  con- 
sidered next,  will  be  better  understood  after  the  symptoms  of  the  disease  of 
special  nerves  have  been  described. 
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MORBID  GROWTHS  IN  NERVES:  NEUROMA. 
The  term  "neuroma"  has  been  applied  indiscriminately  to  all  morbid 
growths  situated  on  the  peripheral  nerves.  The  discovery,  by  Virchow 
that  many  of  these  consist  of  a  growth  of  nerve  fibres,  while  others  consist 
of  heterologous  tissue  such  as  constitutes  morbid  growths  elsewhere,  has  led 
to  the  distinction  of  the  former  as  "true  neuromata"  and  the  latter  as 
"  false  neuromata,"  or  "  pseudo-neuromata,"  and  even  to  the  limitation  of 
the  term  "  neuroma"  to  a  growth  of  nerve  tissue,  whether  in  the  central  or 
peripheral  nervous  system,  the  heterologous  growths  being  called  by  the 
names  they  bear  in  other  situations,  as  "  fibroma,"  "  sarcoma,1  etc  The 
latter  system  of  nomenclature,  although  certainly  more  consistent,  has  not 
become  current  in  this  country. 

The  true  neuromata  may  consist  of  medullated  or  of  non-medullated  nerve 
fibres,  termed  "myelinic"  and  "  amyelinic  "  forms  by  Virchow.  The 
latter  were  for  a  long  time  regarded  as  fibrous.  The  occurrence  of  ganglion 
cells  has  been  proved  in  only  one  or  two  instances.     There  is  connective 


Plexiform  neuroma  from  the  orbit  {after  Marchand).  The 
connective  tissue  surrounding  the  cords  has  been  removed 
except  at  a,  and  irregular,  cylindrical,  nodular  cords  are  seen 
anastomosing.  A  nerve  passes  into  the  tumor  and  suddenly 
becomes  enlarged. 


Fig.  41. 


Cutaneous  neuromata  from  skin  of  abdo- 
men.    {After  Smith.) 


tissue  between  the  nerve  fibres,  which  varies  in  amount  and  in  character, 
and  hence  the  firmness  of  these  tumors  also  varies.  This  interstitial  tissue 
may  be  so  abundant  as  to  constitute  an  intermediate  form  between  the  true 
and  false  varieties.  This  is  probably  the  condition  in  most  cases  of  mul- 
tiple neuroma.  The  "false  neuromata"  may  be  of  various  nature,  but 
fibrous  growths,  fibromata,  are  far  more  common  than  any  other  kind. 
Myxoma  occasionally  occurs,  the  new  mucoid  tissue  growing  from  the  nerve 
sheath.  Glioma  is  very  rare  on  the  peripheral  nerves,  although  occasionally 
found  on  the  auditory  nerve.  Various  forms  of  sarcoma  have  been  met 
with.  Carcinoma  also  occurs,  very  rarely  as  an  isolated  growth,  but  not 
uncommonly  as  a  more  or  less  diffused  or  nodular  infiltration  of  the  nerve, 
arising  by  extension  from  a  contiguous  growth.  Syphilitic  growths  are 
common  on  the  cranial  nerves  within  the  skull,  but  are  rare  elsewhere.  In 
lepra  anassthetica  the  nerves  are  infiltrated  with  fibrous  tissue,  enlarging 
them  to  many  times  their  normal  size.     The  enlargement  is  rarely  nodular, 
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Stipffig"  a  Chr°niC  drrh0tiC  bflammati0n  *«  *  *"*•  (^e 
A  curious  variety  of  neuroma,  consisting  of  interlacing  cords,  more  or 
less  nodular  and  tortuous,  is  termed  plexiform  neuroj.  Abo  t  tw  n  y 
cases  have  been  recorded.  The  disease  commonly  begins  in  fcetal  life  and 
is  most  common  on  some  branch  of  the  fifth  nerve  in  the  orbit  or  the  upper 
eyelid,  but  has  been  met  with  over  the  temporal  bone,  in  the  lumbar,  cervi- 
cal brachial  and  solar  plexuses,  on  the  penis  and  the  mamma.  It  may  be 
quite  superficial  or  deeply  seated.  The  cords,  from  x  mm.  to  several  cen- 
timetres in  d.ameter,  consist  of  a  clear  outer  zone  of  concentric  fibrillar 
connective- tissue,  of  inner  looser  nucleated  tissue,  and,  in  the  middle,  a 
bundle  of  nerve  fibres,  some  normal,  others  degenerating.     The  cords  are 
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Fig.  43. 


Fig.  44. 


Fig.  45. 


Fig.  42  —Right  elbow  of  a  man,  set.  30,  with  multiple  neuromata ;  those  on  the  nerves  of  the  arm  are  visible 
beneath  the  skin  as  moniliform  series  of  swellings  along  the  course  of  the  nerves.    (After  Smith.) 

Fig.  43. — Part  of  the  brachial  plexus  and  nerves  of  the  arm. 

Fig.  44.— Neuroma  of  the  posterior  tibial  nerve,  same  case.  The  tumor  was  the  size  of  a  lemon,  and  could 
be  felt  in  the  popliteal  space.  The  flattened  bundles  of  fibres  of  the  nerve  were  separated  and  passed  over 
the  surface  of  the  tumor.  The  portion  of  nerve  to  the  right  is  a  piece  of  the  external  popliteal.  The 
tumors  caused  no  interference  with  function.  The  patient  died  of  enteric  fever.  One  large  tumor  filled 
the  pelvis. 

Fig.  45. — Small  neuroma  of  popliteal  nerve  laid  open.  It  is  seen  to  lie  within  the  sheath.  It  caused  no 
symptoms  during  life.    (After  Smith.) 

connected  together  by  loose  tissue,  sometimes  myxomatous,  separated  from 
the  proper  tissue  of  the  cords  by  an  epitheliated  space.  The  growth  of  this 
form  is  extremely  slow,  but  it  may  exert  compression  on  adjacent  struct- 
ures.* A  remarkable  case  of  extensive  myxomatous  disease  of  the  nerves 
of  the  forearm,  congenital  in  origin,  presenting  analogies  to  plexiform  neu- 
roma, is  recorded  by  M.  De  Morgan. f 

The  subcutaneous  extremities  of  sensory  n«rves  are  sometimes  enlarged 
into  minute  tumors  which,  when  painful,  have  been  termed  "  tubercula 
dolorosa."     Neuromata  in  the  skin  may  co-exist  with  similar  tumors  on  the 


*  Marchand,  Virckow's  Archiv,  Bd.  76,  p.  36. 


f  Path.  Trans.,  vol.  xxvi,  p.  2. 
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nerve  trunks.    Those  shown  in  Fig.  41  are  from  the  same  case  as  the  tumors 
represented  in  Figs.  42~44- 

The  size  attained  by  growths  on  nerves  varies  from  that  of  a  child's  head 
to  a  nodule  only  just  visible.  They  rarely  exceed  the  dimensions  of  the 
closed  fist.  The  variation  in  size  of  multiple  neuromata  is  illustrated  in 
Figs.  42-44,  after  Smith*  The  large  tumor  (Fig.  42)  was  the  size  of  a  lemon, 
but  in  the  same  case  a  growth  from  the  sciatic  plexus  almost  filled  the  pelvis. 
They  may  occur  on  any  nerve  in  the  body,  whether  cerebro-spinal  or  sympa- 
thetic. False  neuromata  are  generally  single.  When  true  neuromata  are 
"  multiple  "  they  are  often  extremely  numerous,  and  almost  every  nerve  in 
the  body  may  be  transformed  into  a  chain  of  growths.  In  the  case  figured 
more  than  200  were  counted  in  the  right  arm  alone,  and  the  total  number 
of  growths  in  the  body  cannot  have  been  less  than  1000. 

The  tumors  are  almost  always  within  the  sheath  of  the  nerve  (Fig.  45). 
Sometimes  they  are  on  one  side,  and  the  nerve  may  pass  by  unchanged. 
More  often  the  substance  of  the  nerve  is  involved,  and  the  fibres  may  be 
separated  and  spread  out  on  the  surface  (Fig.  44).  Even  then  they  may  not 
be  damaged.  They  surfer  far  more  in  heterologous  growths  than  in  true 
neuromata. 

Causes. — The  causes  of  neuroma  are  generally  obscure.  Multiple  neuro- 
mata are  sometimes  hereditary  and  are  probably  due,  in  most  cases,  to  a 
congenital  tendency  of  tissue  growth.  They  are  said  to  be  sometimes  the 
result  of  general  neurotic  predisposition,  and  evidence  of  this  is  found  in 
the  occasional  occurrence  of  neuromata  in  the  subjects  of  cretinism  or 
idiocy,  of  which  some  remarkable  examples  have  been  recorded.  Multiple 
neuromata  are  said  to  be  almost  confined  to  men.  The  isolated  form  is  not 
uncommon  in  women.  They  may  occur  at  any  age.  Virchow  believes  that 
they  are  unusually  common  in  the  phthisical  and  scrofulous. 

Of  traceable  immediate  causes  the  most  frequent  is  traumatic  injury. 
Pressure,  punctured  wounds,  or  division  of  the  nerves  may  give  rise  to  them, 
apparently  by  a  perversion  in  the  process  by  which  cicatrization  takes  place. 
A  well-known  instance  is  the  formation  of  the  so-called  "amputation  neu- 
romata," or  "bulbous  nerves,"  round  or  oval  growths,  the  size  of  a  bean 
or  larger,  which  form  on  the  divided  extremities  of  the  nerves  in  the  stump 
left  after  an  amputation.  It  has  been  supposed  that  neuromata  may  arise 
from  a  local  neuritis,  but  this  is  doubtful. 

The  occurrence  of  new  growths  containing  nerve  fibres  may  seem  to  be 
very  remarkable.  We  must  remember,  however,  how  frequently  they  are 
connected  with  traumatic  causes,  i.  e.,  take  origin  in  cicatricial  processes. 
In  such  processes  the  nerve  fibres  present  a  remarkable  power  of  growth. 
Ranvier  has  shown  that  from  the  end  of  each  old  fibre  several  new  fibres 
grow,  only  one  of  which  probably  ultimately  persists.  Under  apparently 
mechanical  influences  some  of  these. fibres  may  twist  about  and  even  turn 
and  grow  upward.     It  is  thus  not  difficult  to  understand  that  a  true  neuroma 


*  R.  W.  Smith,  "Treatise  on  Neuroma,"  iS 
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may  result  from  injury  to  a  nerve ;  it  is  even  surprising  that  this  is  not  a 
more  frequent  result. 

Almost  any  one  of  the  cranial  or  spinal  nerves  may  be  the  seat  of  a 
neuroma.     They  have  been  occasionally  met  with  on  the  sympathetic. 

Symptoms.— These  may  be  entirely  absent,  especially  in  the  case  of  multiple 
(true)  neuromata,  which  are  sometimes  discovered  post-mortem,  when  their 
existence  has  not  been  suspected.  The  most  frequent  symptom  is  pain 
referred  to  the  distribution  of  the  nerve,  often  acute,  burning,  or  darting, 
and  frequently  intermittent.  It  may  be  increased  by  pressure  on  the  tumor. 
In  the  case  of  the  terminal  neuromata  (tubercula  dolorosa,  bulbous  nerves) 
pain  may  be  the  only  sensory  symptom.  When  the  nerve  fibres  suffer, 
paresthesias,  numbness  or  formication,  may  be  complained  of,  and  ultimately 
sensation  may  be  lessened  or  lost.  Paralysis  of  the  muscles  supplied  by  the 
nerve  is  occasionally  met  with,  the  region  paralyzed  corresponding  to  the 
distribution  of  the  nerve  on  which  the  tumor  is  situated,  except  in  the  case 
of  neuromata  in  the  cauda  equina,  where  the  nerves  may  suffer  from  pressure, 
and  paraplegia  may  result.  In  all  cases  the  distribution  of  the  symptoms 
depends  necessarily  on  the  nerve  affected.  A  neuroma  of  the  pneumogastrie 
may  cause  grave  cardiac  disturbance. 

More  common  motor  symptoms  are  reflex  spasms  in  adjacent  or  even 
distant  muscles.  For  instance,  in  a  case  of  "  bulbous  nerves  "  in  the  stump 
after  amputation  at  the  shoulder  joint,  the  muscles  on  that  side  of  the  neck 
were  in  constant  clonic  spasm.  Occasionally  epileptiform  convulsions  are 
produced,  and  have  been  known  to  cease  when  a  painful  neuroma  had  been 
excised.  The  occurrence  of  these  symptoms  has  little  relation  to  the  size  of 
the  tumor. 

When  the  neuromata  are  in  accessible  situations  they  may  be  felt.  Some- 
times they  give  rise  to  visible  tumors,  and  in  multiple  neuroma  the  course  of 
the  superficial  nerves  may  be  marked  out  by  lines  of  bead-like  swellings,  as 
in  Fig.  42.  The  cutaneous  neuromata  also  cause  visible  swellings.  The* 
whole  abdomen  was  covered  with  such  nodules  in  the  case  recorded  by  Smith 
(Fig.  41).  They  are  commonly  not  sensitive,  although  preexisting  pain  may 
be  increased  by  pressure.  Pressure  on  the  nerve  above  the  tumor  commonly 
lessens  the  pain. 

Plexiform  neuroma  rarely  causes  other  symptoms  than  the  signs  manifesting 
its  local  presence.  The  functions  of  the  nerve  fibres  involved  are  not  usually 
interfered  with.     Once  or  twice  anaesthesia  of  the  skin  has  been  observed. 

Course.—  The  growth  of  neuromata  varies  greatly  in  rapidity.  When 
symptoms  occur  they  most  commonly  last  for  a  long  time,  increasing  in 
severity,  and  from  the  long-continued  pain  the  patient  may  ultimately  be 
worn  out.  In  other  cases  the  symptoms  show  little  tendency  to  increase, 
and  in  rare  instances  they  may  lessen  in  severity  and  even  disappear. 

Diagnosis.— The  recognition  of  the  existence  of  a  neuroma  depends  on 
its  superficial  position,  or  on  the  production  of  symptoms  of  damage  to  the 
nerve  The  latter,  when  existing  alone,  are  equivocal,  since  they  may  be 
due  to  pressure  on  the  nerve  from  an  adjacent  growth,  or  even  to  neuritis. 
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The  disease  may  be  suspected  if  symptoms — pain,  numbness,  weakness — 
occur,  limited  to  the  distribution  of  a  nerve  trunk,  and  no  cause  of  external 
pressure  can  be  discovered,  and  the  long  course  of  the  symptoms  makes  it 
unlikely  that  they  are  due  to  neuritis.  The  diagnosis  can,  however,  only  be 
certainly  made  when  the  tumor  can  be  felt. 

The  diagnosis  of  the  kind  of  neuroma,  whether  "true"  or  "false,"  i.  e., 
composed  of  nerve  fibres  or  other  tissue,  is  very  difficult.  Multiple  neuro- 
mata are  usually  true,  and  of  very  slow  growth ;  false  neuromata  are  rarely 
multiple  unless  they  are  of  infecting  nature  and  rapid  in  development.  The 
existence  of  idiocy,  or  other  neuropathic  indication,  is  in  favor  of  the  neural 
nature  of  the  tumors.  The  lateral  position  of  the  growth  on  the  nerve  is  in 
favor  of  its  "  false"  character.  The  diagnosis  of  plexiform  neuroma  is  only 
possible  when  the  tortuous  nodular  cords  can  be  felt. 

Prognosis. — This  depends  on  the  existence  of  symptoms.  If  these  are 
absent,  unless  the  tumor  is  of  rapid  growth,  there  is  good  reason  to  hope 
that  they  will  not  occur.  In  multiple  (true)  neuromata  the  prognosis  is 
better  than  in  isolated  growths.  If  symptoms  are  present  the  prognosis  is 
less  favorable,  and  depends  on  the  tendency  which  they  exhibit  to  increase. 

Treatment. — Medicines  are  useless  except  in  the  syphilitic  forms  of  nerve 
tumor.  Extirpation  is  the  only  remedy.  If  the  tumor  is  lateral,  and  can  be 
shelled  out,  the  removal  entails  little  risk.  If,  however,  the  growth  infiltrates 
the  substance  of  the  nerve,  the  affected  part  must  be  excised,  and  the  ends 
brought  together.  The  risk  of  permanent  loss  of  function  in  the  nerve  is 
of  course  great,  and  in  deciding  on  such  an  operation,  the  urgency  of  the 
symptoms,  and  the  importance  of  the  function  of  the  nerve,  must  be  taken 
into  consideration.  After  extirpation,  the  tendency  of  cicatricial  processes 
in  nerves  to  go  on  to  the  formation  of  neuromata  (seen  in  bulbous  nerves) 
lenders  the  chance  of  relapse  considerable.  Electrolysis  or  caustics  are 
inadmissible.  When  neuromata  are  multiple,  surgical  treatment  is  out 
•of  the  question.  For  pain,  sedatives  must  be  employed.  In  the  case  of 
terminal  neuromata,  whether  the  cutaneous  "tubercula  dolorosa"  or  the 
amputation  neuromata,  excision  is  practicable  and  unattended  with  the 
risks  attending  interference  with  a  nerve  in  its  continuity.  It  is  also 
usually  successful.  In  amputation  flaps,  however,  the  chance  of  a  relapse 
is  considerable. 

In  plexiform  neuroma,  excision  is  undesirable,  and  no  other  treatment  is 
of  any  use. 

DISEASES  OF  SPINAL  NERVES. 
The  diseases  of  the  cranial  nerves  may  be  most  conveniently  considered 
in  connection  with  the  diseases  of  the  brain.  Here,  therefore,  only  the 
affections  of  the  spinal  nerves  will  be  described,  in  so  far  as  thev  present 
special  features.  The  effect  of  paralysis  of  the  individual  muscles 'has  been 
already  described  in  detail,  and  need  not  be  here  repeated,  except  in  general 
terms,  or  in  so  far  as  the  association  of  palsies  resulting  from  a  nerve  lesion 
presents  a  particular  character. 
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Phrenic  Nerve.— Impaired  function  of  the  phrenic  nerve  is  commonly 
the  result  of  disease  of  the  spinal  cord.  The  roots  of  the  nerve  may,  how- 
ever, be  damaged  by  disease  of  the  bones  of  the  spine.  The  deep  position 
of  the  nerve  trunk  protects  it  from  injury,  but  it  is  occasionally  damaged  in 
wounds  of  the  neck,  and  in  its  course  through  the  thorax  it  may  be  com- 
pressed by  tumors,  aneurisms,  etc.  Paralysis  sometimes  follows  exposure  to 
cold,  and  is  ascribed  to  neuritis.  It  has  been  met  with  in  lead  poisoning 
(Duchenne).  In  disease  of  the  cord  and  bones,  both  nerves  are  usually 
paralyzed  ;  other  causes  commonly  affect  one  only.  The  effect  and  symp- 
tom of  paralysis  is  inaction  of  the  diaphragm  (see  p.  45).  If  one  nerve 
only  is  affected,  the  diaphragm  does  not  descend  on  that  side,  but  the  move- 
ment of  the  other  side  lessens  the  resulting  defect  of  movement,  which  can 
then  be  detected  only  by  close  observation.  The  loss  of  the  action  of  the 
diaphragm  has  little  effect  on  the  respiratory  functions  while  the  patient  is  at 
rest,  but  dyspnoea  is  readily  produced  by  exertion;  the  breathing  then 
becomes  quick  and  the  voice  feeble.  Any  lung  disease,  such  as  an  attack 
of  bronchitis,  is  rendered  far  more  serious  by  the  diminished  breathing 
power.  When  the  diaphragm  is  paralyzed,  the  movement  of  the  thorax  is 
often  increased,  and  the  expansion  of  the  lower  part  may  draw  forward  the 
adjacent  abdominal  wall.  This  must  not  be  mistaken  for  the  effect  of  the 
descent  of  the  diaphragm.  Paralysis  has  to  be  distinguished  from  (1)  abnor- 
mal nervous  breathing.  The  diaphragm  is  used  little  in  extraordinary 
breathing,  which  is  chiefly  by  the  upper  part  of  the  thorax,  of  the  "  supe- 
rior costal  type  "  as  it  is  called.  Hysterical  and  nervous  patients  will  often 
breathe,  for  a  time,  only  in  this  manner,  even  when  at  perfect  rest,  espe- 
cially when  they  are  under  observation.  Such  breathing  is  no  doubt  facili- 
tated in  women  by  the  fact  that  the  diaphragm  is  habitually  used  by  them 
less  than  by  men.  Repeated  examination  may  be  necessary  to  determine 
whether  there  is  any  real  paralysis  of  the  diaphragm  in  these  cases.  A 
single  diaphragmatic  inspiration  settles  the  point.  The  patient's  attention 
should  be  distracted,  and  she  should  not  be  aware  of  the  object  of  the 
examination.  (2)  Inflammation  of  the  diaphragm  may  arrest  its  movement, 
but  is  distinguished  by  the  fact  that  it  is  usually  secondary  to  adjacent 
inflammation,  commonly  of  the  peritoneum  or  the  pleura.  Characteristic 
pain,  due  to  the  inflammation  of  the  serous  membrane,  is  commonly  present. 
(3)  A  primary  and  isolated  degeneration  of  the  muscular  fibres  of  the  dia- 
phragm has  been  described  by  Callender  and  others  as  common  after  death, 
but  it  has  not  yet  been  proved  to  cause  such  inaction  during  life  as  might  be 
confounded  with  paralysis.  The  distinction  of  paralysis,  due  to  disease  of 
the  nerve  trunk,  from  disease  of  the  spinal  cord,  depends  on  the  fact  that  in 
the  latter  case  other  muscles  always  suffer ;  in  the  former  the  diaphragm 
usually  suffers  alone.  In  disease  of  the  nerve  roots  there  are  other  indi- 
cations of  the  position  of  the  disease. 

If  there  is  reason  to  suspect  neuritis,  counter-irritation  should  be  applied 
over  the  lower  and  inner  part  of  the  anterior  triangle  of  the  neck.  The 
only  other  special  point  in  treatment  is  the  application  of  electricity.     The 
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nerve  may  be  stimulated  bv  pressing  the  rheophore  deeply  outside  the  lower 
part  of  the  clavicular  portion  of  the  sterno-mastoid.  The  other  pole  may 
be  placed  at  the  epigastrium  or  over  the  corresponding  half  of  the  dia- 
phragm.    But  the  influence  of  electricity  on  paralysis  of  the  diaphragm  is 

not  great.  nerves  of  the  upper  limb. 

The  nerves  of  the  arm  and  shoulder  are  derived  from  the  five  lower  cer- 
vical and  the  first  dorsal  nerves.  These  interlace  in  the  brachial  plexus  in 
such  a  complex  manner  that  most  of  the  nerves  of  the  arm  are  derived  from 
many  spinal  roots. 

The  nerve  roots  form,  by  their  union,  three  trunks,  which  we  may  indicate  by  Roman 
numerals.  They  are  formed  thus:  I,  by  the  branch  from  the  fourth,  and  the  roots  of  the 
fifth  and  sixth  cervical ;  II,  by  the  seventh  ;  and  III,  by  the  eighth  cervical  and  the  first 
dorsal.  Each  trunk  divides  into  two  parts,  and  the  union  of  these  divisions  forms  the  three 
cords  of  the  brachial  plexus  from  which  the  nerves  of  the  arm  proceed.  But  before  the 
primary  trunks  divide,  certain  nerves  arise,  the  origin  of  which  is  thus  less  doubtful.  The 
fifth  and  sixth  cervical  roots  give  origin  directly  to  the  posterior  thoracic  nerve  for  the  ser- 
ratus,  and  from  the  cord  formed  by  their  union  springs  the  suprascapular  nerve.  The  three 
cords  of  the  plexus  have  the  following  relations :  The  posterior  is  derived  from  all  three 
primary  trunks  and  gives  rise  to  the  subscapular  nerve,  the  circumflex,  and  the  musculo- 
spiral  (or  radial,  as  the  whole  nerve  is  sometimes  termed).  The  upper  or  outer  cord  is 
derived  from  the  two  upper  primary  trunks,  i.  e.,  from  the  fourth,  fifth,  sixth  and  seventh  cer- 
vical roots,  and  from  it  proceed  one  anterior  thoracic  and  the  musculo-cutaneous  nerves, 
together  with  the  outer  head  of  the  median.  The  inner  or  lower  cord  is  derived  only  from 
the  lowest  primary  trunk,  i.  e.,  from  the  last  cervical  and  first  dorsal,  and  gives  rise  to  the 
ulnar,  the  inner  head  of  the  median,  the  internal  cutaneous,  the  intercosto-humeral,  and  to 
the  second  anterior  thoracic  nerves.     It  may  be  convenient  to  put  these  coarse  anatomical 

Nerves. 

(  External  ant.  thoracic. 
Upper  cord.  <  Musculo-cutaneous. 
(Outer  head  of| 

Vmedian. 

I  Inner  head  of  J 
Ulnar. 
Internal  cutaneous. 
Intercosto-humeral. 
Internal  ant.  thoracic. 

These  anatomical  facts,  however,  give  us  little  help  in  tracing  the  relation  of  the  nerves  to 
the  spinal  roots.  The  investigations  of  Ferrier  and  Yeo,*  who  ascertained  the  movements 
produced  by  faradizing  the  several  spinal  roots  in  the  monkey,  show  us  the  way  in  which 
the  movements,  muscles  and  nerves  are  represented  in  the  spinal  roots.  Their  results  are 
therefore  of  great  interest,  although  we  are  not  justified  in  transferring  the  facts  to  man 
except  in  so  far  as  they  receive  confirmation  from  human  anatomy  and  pathology.f  Subject 
to  this  reservation,  the  chief  results  are  important  and  may  be  thus  stated.J 

The  roots  to  which  the  several  nerves  are  thus  traced  are  as  follows :  Subscapular,  6  and  7 


relations  in  the  form  of  a  table. 

Nerves* 

°rimary  Trunks 

I. 

4,  5  and  6  C. 

Subscapular  .               •    ■  ) 
Circumflex     .                      >Post.cord. 
Musculo-spiral  ...          ) 

II. 

6  and  7  C. 

III. 

1    GS.) 

*  Proc.  Roy.  Soc,  March  2lst,  1881. 

f  In  the  case  of  the  leg  there  are  some  important  discrepancies  between  the  results  in  the 
ape  and  the  conditions  that  obtain  in  man.     These  will  be  noticed  in  their  proper  place. 

J  Ferrier  has  since  stated  that  the  relations  he  gave  (followed  in  the  text)  were  all  one 
nerve  too  high  {Proc.  Roy.  Soc,  1883,  vol.  xxxv,  p.  229),  but  this  would  make  the  inner- 
vation of  the  intrinsic  muscles  of  the  hand  from  the  second  dorsal  nerve,  which  is  cer- 
tainly not  the  case  in  man. 
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C.  ;  circumflex,  4  and  5  C. ;  musculo-spiral,  4,  5,  6,  7,  8  C. ;  musculo-cutaneous,  4,  5  C. ; 
median,  5,  6,  7,  8  C. ;  ulnar,  8  C,  1  D. 

Still  more  important  are  their  observations  on  the  relation  of  various  movements  of  the 
arm  to  the  nerve  roots,  and  these  are  as  follows : — 

Cervical 4. — Elevation  and  retraction  of  the  arm,  flexion  and  supination  of  the  forearm; 
by  the  rhomboids,  supra-  and  infra-spinatus,  biceps,  brachialis  and  supinators. 

Cervical  5. — Similar  to  the  last,  but  without  retraction  of  the  arm,  and  with  extension  of 
the  wrist  and  first  phalanges ;  by  the  deltoid,  serratus,  flexors  of  elbow,  extensors  of  wrist, 
and  long  extensors  of  fingers. 

Cervical  6. — Adduction  and  retraction  of  the  upper  arm,  extension  and  pronation  of  the 
forearm,  flexion  of  the  wrist;  by  contraction  of  the  pectoralis,  latissimus  dorsi,  triceps, 
flexors  of  wrist,  pronators. 

Cervical  7. — Adduction  and  rotation  inward  at  the  shoulder  joint,  flexion  of  the  wrist, 
and  of  the  fingers  at  the  second  phalanx;  by  the  teres  major,  latissimus  dorsi,  subscapularis, 
triceps,  and  long  flexors  of  the  fingers. 

Cervical  8. — Flexion  of  fingers  and  thumb  so  as  to  close  the  fist ;  flexion  of  wrist  toward 
the  ulnar  side,  pronation  of  forearm,  extension  of  elbow ;  by  the  intrinsic  muscles  of  the 
hand,  the  long  flexors  of  the  fingers  and  thumb,  the  flexors  of  the  wrist,  and  the  triceps. 

Dorsal  I. — Adduction  of  the  thumb,  flexion  of  the  fingers  at  the  metacarpo-phalangeal 
joints ;  by  the  interossei,  etc. 

Thus  most  movements  are  related  to  many  spinal  roots.  The  most  important  relations  are 
these  :  that  of  the  deltoid,  rhomboids,  supra-  and  infra-spinatus,  flexors  of  the  elbow,  and 
supinators,  to  the  fourth  and  fifth  cervical ;  that  of  the  adductors  of  the  arm  and  extensors 
of  the  elbow  to  the  sixth  and  seventh  nerves ;  pronation  to  the  sixth  and  eighth ;  extension 
of  the  wrist  to  the  fifth  ;  flexion  to  the  eighth ;  extension  of  the  first  phalanx  to  the  fifth  ; 
flexion  of  the  fingers  to  the  seventh  and  eighth,  and  the  action  of  the  intrinsic  muscles  of  the 
hand  to  the  first  dorsal.  These"  facts  will  probably,  in  the  future,  find  important  practical 
applications. 

Paralysis  of  the  nerves  of  the  upper  limb  may  be  due  to  disease  of  the 
nerve  roots,  of  the  plexus,  or  of  the  trunks  that  arise  from  these.  It  is  con- 
venient to  consider,  first,  the  diseases  of  the  nerve  trunks,  and  afterward 
those  of  the  nerve  roots,  and  of  the  plexus.  From  the  roots  themselves 
only  one  important  nerve  trunk  is  derived :  the  posterior  thoracic  nerve. 
The  others  spring  from  the  plexus. 

The  morbid  influences  that  affect  the  nerves  of  the  arm  are  very  varied. 
The  brachial  plexus  passes  close  to  the  shoulder  joint,  and. hence  dislocation 
often  damages  the  nerves,  sometimes  one  only,  sometimes  several,  and  occa- 
sionally all  the  trunks.  In  fractures  of  the  bones,  the  deeper  nerves  adja- 
cent may  be  torn  at  the  time  ©f  fracture,  or  may  be  afterward  compressed 
by  the  callus  that  is  formed,  or  by  bandages  that  are  applied.  The  course 
of  certain  nerves  is,  in  some  parts  of  the  arm,  especially  apt  to  be  the  seat 
of  wounds  of  various  kinds,  while  that  of  others  exposes  them  to  pressure 
against  the  unyielding  bone.  Even  slight  pressure  on  these  nerves  is  effect- 
ive when  prolonged,  as  it  often  is  when  warning  sensations  are  unperceived 
in  consequence  of  sleep.  Hence,  there  is  a  group  of  "  sleep  -palsies  "  of 
the  arm,  chiefly  of  the  musculo-spiral  and  median  nerves. 

Primary  neuritis  may  involve  any  nerve,  or  the  brachial  plexus  itself,  but 
is  not  common.  Secondary  neuritis,  set  up  by  injury  or  by  adjacent  inflam- 
mation, is  less  rare;  it  sometimes  extends  upward,  and,  reaching  the  plexus, 
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may  spread  to  other  nerves.  Neuromata  occasionally  cause  paralysis,  but 
are  also  uncommon.  Various  morbid  processes  near  the  spine  and  in  the 
neck  may  cause  symptoms  in  the  arms  by  involving  the  nerve  roots  that  enter 
the  plexus. 

Posterior  Thoracic  Nerve— Nerve  to  the  Serratus.— In  consequence  of  its 
position  and  long  course,  the  nerve  to  the  serratus  often  suffers.  After  being 
formed  in  the  substance  of  the  scalenus  medius  muscle,  by  the  union  of 
branches  of  the  fifth  and  sixth  cervical  nerves,  it  passes  behind  the  brachial 
plexus  and  along  the  side  of  the  chest  to  the  lower  border  of  its  muscle.  It 
is  in  the  neck  that  the  nerve  is  most  often  injured.  It  may  be  damaged 
there  by  direct  pressure — as  in  carrying  on  the  shoulder  a  heavy  sharp- 
cornered  object — or  by  severe  muscular  efforts,  such  as  carrying  a  weight 
that  does  not  press  into  the  neck,  wielding  a  heavy  hammer,  or  long-continued 
exertion  with  the  raised  arm,  as,  for  instance,  in  whitewashing  a  ceiling. 
In  such  cases  it  is  not  improbable  that  the  nerve  is  damaged  by  the  forcible 
or  prolonged  contraction  of  the  muscle  through  which  it  passes.  Falls  and 
blows  on  the  neck  and  shoulder  are  occasional  causes ;  there  is  usually  much 
bruising  of  the  adjacent  parts.  Punctured  and  gunshot  wounds  also  occa- 
sionally involve  the  nerve.  The  least  frequent  cause  is  exposure  to  cold, 
such  as  a  draught  on  the  neck,  or  sleeping  on  damp  earth.  I  have  once 
known  it  to  follow  parturition,  developing  four  days  afterward,  doubtless 
from  neuritis  excited  either  by  the  muscular  exertion,  or  by  exposure  to  cold. 
The  serratus  suffers  also  in  central  disease,  chiefly  in  progressive  muscular 
atrophy  and  infantile  paralysis;  but  in  these  it  is  always  associated  with  palsy 
of  other  muscles.  Isolated  paralysis  of  the  serratus  is  nine  times  as  frequent 
in  men  as  in  women.  It  occurs  chiefly  in  muscular  workers,  and  during  the 
active  period  of  life,  twenty-five  to  forty.  The  immediate  causes  sufficiently 
explain  this  relation  to  age  and  sex,  and  they  also  account  for  another  fact — 
that  it  is  far  more  frequent  on  the  right  side  than  on  the  left.  It  is  some- 
times bilateral,  but  the  two  nerves  are  never  damaged  at  the  same  time. 
One  man  was  affected  on  the  right  side  after  carrying  heavy  beams  on  the 
shoulder ;  he  then  carried  them  on  the  left  shoulder,  and  the  left  serratus 
became  paralyzed. 

Severe  neuralgic  pains  in  the  neck  and  about  the  shoulder  commonly 
precede  and  accompany  the  onset  of  the  affection.  The  symptoms  of  the 
paralysis  of  the  serratus  have  been  already  described  (p.  47).  It  is  readily 
recognized  by  the  recession  of  the  posterior  edge  of  the  scapula  from  the 
thorax  when  the  arm  is  put  forward  (Fig.  8,  p.  48).  In  severe  cases  the 
muscle  is  found  to  have  lost  faradaic  irritability,  although  it  may  still  contract 
to  the  voltaic  current.  The  course  of  a  severe  case  is  always  tedious.  Months 
may  pass  before  improvement  is  manifested,  and  the  paralysis  is  sometimes 
permanent.  In  treatment  it  is  desirable  to  maintain  the  nutrition  of  the 
muscle,  as  far  as  possible,  by  electrical  stimulation,  and  its  superficial  situation 
renders  this  easy.  If  counter-irritation  is  desirable,  it  should  be  applied  over 
the  position  of  the  scalenus,  since  the  lesion  of  the  nerve  is  commonly  at 
this  place.     Severe  exertion  with  the  arm  should  be  avoided ;  an  influence 
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ble  of  inducing  the  palsy  must  seriously  interfere  with  the  recovery  of 
ljured  nerve.  When  practicable  it  is  desirable  that  the  elbow  should  be 
ed  in  a  sling,  and  this  should  be  of  such  a  length  as  slightly  to  raise  the 
lder. 

tie  Suprascapular  nerve  arises  from  the  trunk  formed  by  the  union  of  the 
i,  fifth,  and  a  branch  of  the  fourth  cervical  nerves,  but  its  fibres  come 
i  the  fifth  and  partly  from  the  fourth.  It  is  not  often  damaged  alone, 
is  sometimes  injured  in  dislocation  of  the  humerus,  and  by  falls  on  the 
ilder,  usually  together  with  the  circumflex.  In  some  of  these  cases 
injury  may  be  to  the  upper  part  of  the  plexus  (see  Combined  Palsies). 

result  of  disease  of  this  nerve  is  palsy  of  the  supra-  and  infra-spinatus 
4.8).  The  latter  is  the  more  important,  and  causes  a  loss  of  the  rotation 
rard  of  the  humerus,  interfering  with  many  movements,  and,  among 
:rs,  with  the  movement  of  the  pen  along  the  line  in  writing.  Undue 
k.  is  thrown  on  the  deltoid,  which  becomes  fatigued  in  many  actions, 
1  as  sewing  (Duchenne).  The  paralysis  of  the  supra-spinatus  is  unim- 
;ant  unless  there  is  also  palsy  of  the  deltoid.  It  can,  in  very  slight  degree, 
)lement  the. deltoid,  and  if  paralyzed  with  the  deltoid  the  head  of  the 
lerus  falls  more  than  it  does  when  the  deltoid  is  paralyzed  alone, 
'he  Circumflex  nerve,  although  arising  from  the  posterior  cord  of  the 
:us,  seems  to  derive  its  fibres  from  the  same  source  as  the  suprascapular, 
fourth  and  fifth  cervical  nerves.     It  supplies  the  deltoid  and  teres  minor, 

the  skin  over  the  deltoid.  The  course  of  the 
re  renders  it  very  liable  to  injury  from  disloca- 
is  and  falls  on  the  shoulder,  and  from  the  pressure 
1  crutch.  Simple  neuritis  and  so-called  "rheu- 
ic  palsy ' '  are  rare,  but  the  nerve  has  been  affected 
iome  acute  diseases,  as  smallpox,  possibly  from 
;sure,  and  in  rheumatic  fever,  perhaps  by  inflam- 
ion  extending  from  the  joint.  It  suffers,  with 
:r  nerves,  from  disease  of  the  upper  part  of  the 
;hial  plexus. 

'he  chief  symptom  is  paralysis  of  the  deltoid  (p. 
,  which  abolishes  almost  all  power  of  raising  the 
,  a  very  trifling  power  of  abduction  by  the  supra- 
latus  alone  remaining.  The  slight  nerve  supply 
:  the  fore  part  of  the  deltoid  receives  from  one  of 
anterior  thoracic  nerves  is  insufficient  to  mitigate 
effect  of  the  paralysis  of  the  circumflex,  although 
lay  maintain  slight  power  of  voluntary  contraction 
he  anterior  fibres,  and  this  sometimes  gives  rise 
,n  erroneous  impression  that  the  paralysis  of  the 
umflex  nerve  is  incomplete.  The  effect  of  the 
:y  of  the  teres  minor  is  unimportant.  The  wasting  of  the  deltoid  causes 
hange  in  the  shape  of  the  shoulder.  Sensation  may  be  lost  in  the  skin 
r  the  lower  part  of  the  muscle,  and  the  loss  sometimes  extends  on  to  the 
6 


Disease  of  the  circumflex 
nerve  from  pressure  neu- 
ritis during  acute  illness ; 
wasting  of  deltoid.  The 
dotted  line  indicates  the 
area  of  cutaneous  anses- 
thesia. 
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shoulder  (Fig.  46).  In  some  cases  there  is  no  anesthesia,  even  when  the 
muscle  is  wholly  paralyzed,  we  have  seen  that  this  is  often  the  case  in  nerve 
lesions  (p.  71).  Adhesions  are  apt  to  form  in  the  shoulder  joint,  in  part 
probably  the  result  of  trophic  changes,  since  the  circumflex  supplies  the 
articulation  as  well  as  the  chief  muscle  that  moves  it.  The  diagnosis  of  the 
paralysis  of  the  circumflex  nerve  is  easy.  The  only  condition  readily  mistaken 
for  it  is  anchylosis  of  the  shoulder  joint  in  a  stout  individual,  in  whom  the 
state  of  nutrition  of  the  muscle  is  not  readily  perceived.  The  risk  of  error 
is  increased  by  the  fact  that  arthritis  and  paralysis  may  result  from  the  same 
cause — a  fall  on  to  the  shoulder.  Passive  movement  at  once  solves  the 
problem.     The  scapula  moves  with  the  arm  in  anchylosis,  and  not  in  palsy. 

The  Musculo-cutaneous  nerve  supplies  the  chief  flexors  of  the  elbow  and 
the  skin  over  the  radial  side  of  the  forearm.  It  is  scarcely  ever  paralyzed 
alone,  but  often  suffers,  with  other  nerves,  in  disease  of  the  brachial  plexus. 
The  symptoms  correspond  to  its  function ;  there  is  paralysis  of  the  biceps 
and  brachialis  (see  p.  50),  the  effect  of  which  is  especially  conspicuous 
when  the  arm  is  supinated  and  the  supinator  longus  cannot  flex  the  elbow. 
There  may  also  be  anaesthesia  of  the  radial  side  of  the  forearm,  front  and 
back. 

The  Musculo-spiral  nerve  is  more  frequently  paralyzed  alone  than  any 
other  nerve  of  the  arm.  Arising  from  the  posterior  cord  of  the  brachial 
plexus,  it  seems  to  derive  its  motor  fibres  from  all  the  nerve  roots  that  enter 
the  plexus  except  the  first  dorsal.  It  supplies  the  triceps,  all  the  muscles  on 
the  back  of  the  forearm,  the  extensors  of  the  wrist  and  fingers,  both  the 
supinators,  also  the  skin  on  the  radial  side  of  the  back  of  the  hand,  the 
back  of  the  thumb,  index  finger,  and  half  the  middle  finger.  It  is  thus  the 
extensor  nerve  of  the  arm,  and  has  a  more  complete  relation  to  a  single 
function  than  is  common  among  the  nerves  of  the  limbs ;  a  fact  that  has 
given  rise  to  diagnostic  error,  since  a  functional  palsy  suggests  a  central 
cause.  The  frequency  with  which  this  nerve  suffers  is  due  to  its  course.  As 
it  leaves  the  brachial  plexus  to  wind  round  the  bone,  its  position  exposes  it 
to  injury  in  dislocation  or  from  the  pressure  of  a  crutch ;  the  most  common 
form  of  "  crutch  palsy  "  is  paralysis  of  this  nerve.  Lying  as  it  does  close 
to  the  humerus,  it  is  readily  torn  by  fracture,  or  compressed  by  callus,  and 
it  suffers  gravely  from  even  temporary  pressure  against  the  hard  bone.  Such 
pressure  is  often  exerted  during  sleep.  The  nerve  may  be  paralyzed  by  the 
pressure  to  which  it  is  exposed  when  the  body,  with  the  arm  beneath  it, 
rests  on  the  ground  or  on  a  hard  bed.  Thus,  a  man  slept  all  night  on  a 
bench,  lying  on  his  right  side  with  his  arm  beneath  him,  and  woke  in  the 
morning  with  this  nerve  paralyzed.  Curiously,  a  precisely  similar  event  had 
occurred  to  him  three  years  before.  In  other  cases  the  pressure  on  the 
nerve  is  that  of  a  hard  and  sharp  object  over  which  the  arm  is  placed  during 
sleep,  as  the  edge  of  a  chair  or  the  side  of  a  couch.  The  continental 
custom  of  tying  together,  behind  the  body,  the  arms  of  a  prisoner,  often 
causes  paralysis  of  this  nerve,  sometimes  on  both  sides.  In  Russia  it  is  not 
uncommon  injnfants,  from  the  popular  practice  of  binding  the  arms  to  the 
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body  and  then  laying  the  child  to  sleep  on  its  side.  I  have  twice  seen 
paralysis  from  a  violent  contraction  of  the  triceps,  once  during  the  act  of 
pulling  on  a  tight  pair  of  boots,  and  once  from  throwing  a  stone  with  vio- 
lence In  each  the  nerve  was  at  once  completely  paralyzed ;  and  in  the 
second,  in  which  the  palsy  was  severe,  a  bruised  appearance  was  observed 
over  the  lower  part  of  the  triceps.  Neuritis  due  to  cold  is  often  assumed  to 
be  a  cause  and  is  possibly  sometimes  effective,  but  the  exposure  to  cold  has 
usually  been  during  sleep,  and,  as  Panas  and  others  have  maintained  it  is 
probable  that  the  paralysis  was  due  to  compression  rather  than  to  'cold 
The  same  influence  may  also  have  been  operative  in  cases  in  which  the  nerve 
has  been  paralyzed  during  an  acute  disease.  Although,  in  a  case  of  paraly- 
sis during  typhus,  described  by  Bernhardt,  neuritis  was  found  after  death, 
this  was  at  the  spot  at  which  pressure  is  usually  effective,  and  the  inflamma- 
tion was  probably  thus  excited.  The  muscles  involved  in  lead  palsy  are 
some  of  those  supplied  by  the  musculo-spiral,  but  we  do  not  know  that  the 
poison  acts  on  the  nerve  itself. 

Fig.  47. 


Paralysis  of  the  musculo-spiral  nerve ;  maximum  extension  of  wrist  and 
fingers.  The  extension  of  the  fingers  progressively  diminishes  from  the  first 
to  the  fourth.     (From  a  photograph!) 

The  symptoms  of  disease  of  the  musculo-spiral  nerve  are  paralysis  of  the 
extensors  of  the  elbow  and  of  the  wrist,  the  long  extensors  of  the  fingers  and 
thumb,  and  the  supinators  (see  pp.  49-51).  All  these  are  paralyzed  by  a 
complete  lesion  of  the  nerve  near  the  brachial  plexus.  When  the  lesion  is 
near  the  middle  of  the  humerus,  as  it  is  in  most  cases  of  compression,  the 
triceps  generally  escapes,  but  not  always.  The  supinatus  longus  is  usually 
paralyzed,  but  it  escapes  if  the  lesion  is  below  the  origin  of  its  branch,  and 
may  also  escape  if  the  injury  to  the  nerve  is  incomplete.  In  sleep-palsy  it 
usually  suffers,  but  I  have  seen  it  unaffected  in  a  case  in  which  the  ext.  carpi 
radialis  was  also  but  little  affected,  and  Bernhardt  has  noted  the  escape  of  the 
supinator  in  an  otherwise  complete  paralysis  from  dislocation  of  the  humerus. 
The  extensor  palsy  causes  characteristic  wrist-drop,  and  loss  of  the  power  of 
extending  the  first  phalanges  of  the  fingers  and  the  thumb  (see  p.  5 1).  There 
is  sometimes  a  gradation  of  palsy  from  the  first  finger,  in  which  it  is  least, 
to  the  fourth,  in  which  it  is  greatest  (Fig.  47).  The  same  gradation  is  seen 
in  lead  palsy.     It  is  not  easy  to  explain.     The  action  of  the  flexors  is  feeble, 
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from  the  loss  of  support ;  in  most  cases  of  complete  palsy  I  have  found  the 
power  of  flexion  reduced  from  this  cause  to  one-third  of  the  normal.  The 
loss  of  the  power  of  supination  is  a  grave  inconvenience.  If  an  object  is 
grasped  firmly  the  arm  becomes  pronated.  The  patient-tries  to  compensate 
for  the  loss  by  putting  the  elbow  against  the  side  and  rotating  the  humerus. 
The  pronators  may  ultimately  become  shortened.     The  over-flexion  of  the 

carpus,  and  its  deficient  support  by 
the  extensor  tendons,  leads  to  a 
prominence  of  synovial  sacs,  and 
perhaps  of  the  bones,  at  the  back, 
of  the  carpus  (Fig.  48).  In  severe 
cases  ,the  muscles  waste,  and  the 
maximum  circumference  of  the 
limb  below  the   elbow  may  be   a 

Prominence  at  back  of  hand  from  paralysis  of  the  exten-      quarter  Or  half  an  inch  leSS  than  On 
sors.    The  patient  was  suffering  from  wrist-drop  due        .  .  .  -  m1         _  . 

to  silver  poisoning.  the  other  side.     The  electrical  reac- 

tions depend  on  the  severity  of  the 
lesion  of  the  nerve ;  commonly  there  is  well-marked  degenerative  reaction. 
The  affection  of  sensibility  in  the  area  supplied  by  the  nerve  is  very  vari- 
able. The  skin  of  the  upper  arm  rarely  loses  feeling ;  in  the  hand  sensa- 
tion may  be  normal,  although  the  muscular  paralysis  is  complete.  There 
may  be  subjective  "  tingling  "  in  the  part,  although  there  is  no  loss  of  sensi- 
bility. The  diagnosis  is  easy  in  most  cases.  The  affection  is  distinguished 
from  lead  palsy  by  its  common  limitation  to  one  arm  and  by  the  affection 
of  the  supinator,  but  these  distinctions,  although  strongly  suggestive,  are 
not  quite  absolute.  The  palsy  of  the  nerve,  moreover,  is  usually  sudden  in 
onset;  that  from  lead  is  gradual.  These  characters,  and  the  commonly 
obtrusive  cause,  always  suffice  for  the  diagnosis.  In  bilateral  wrist-drop, 
disease  of  the  nerve  would  not  be  thought  of,  unless  it  followed  a  cause 
acting  on  both  sides.  It  must  be  remembered,  however,  that  this  nerve  is 
one  most  frequently  affected  in  multiple  neuritis ;  in  this  disease  both  arms 
suffer,  the  legs  are  also  often  involved,  pains  are  conspicuous,  and  the  palsy  is 
rarely  limited  to  a  single  nerve  region.  The  prognosis  in  disease  of  the 
musculo-spiral  nerve  depends  on  the  severity  of  the  lesion,  as  indicated  by 
the  electrical  reaction.  When  there  is  evidence  of  nerve  degeneration  the 
paralysis  usually  lasts  for  some  months.  Recovery  ultimately  occurs  in 
almost  all  cases.  The  treatment  is  that  for  neuritis  already  described,  but 
attention  should  be  paid  to  the  posture  of  the  limb,  so  as  to  avoid  tension 
on  the  affected  part  of  the  nerve.  For  this  reason,  and  also  because  strong 
contraction  of  the  triceps  may  further  injure  the  nerve,  extension  of  the 
elbow  should  be  avoided  in  cases  of  lesion  of  the  nerve  as  it  winds  round 
the  humerus. 

The  Median  nerve  supplies  the  pronators,  the  radial  flexor  of  the  wrist, 
the  flexors  of  the  fingers  (except  the  ulnar  half  of  the  deep  flexor),  the 
muscles  that  abduct  and  flex  the  thumb,  and  the  two  radial  lumbricales. 
Its  motor  fibres  seem  to  have  an  extensive  origin  from  all  the  cervical  roots 
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that  enter  the  brachial  plexus.     It  subserves  sensation  on  the  radial  side  of 

the  palm,  on  the  front  of  the  thumb,  of  the  first  two  iingers,  and  of  half  the 

third  finger,  and  also,  at  least  in  many  persons,  on  the  back  of  the  last 

phalanx  of  the  index  and  middle  finger ;  sometimes  also  on  the  adjacent 

part  of  the  back  of  the  ring  finger  and  the  back  of  the  last  phalanx  of  the 

thumb.     Isolated  palsy  of  this  nerve  is  not  frequent,  and  generally  results 

from  wounds  of  the  forearm,  or  fractures  of  the  forearm  bones,  rarely  from 

injuries  in  the  upper  arm.     The  nerve  is  occasionally  the  seat  of  neuritis. 

I  have  known  it  to  be  paralyzed  at  the  wrist  a  few  hours  after  a  severe  sprain 

of  this  joint.     Webber  has  recorded  a  case  in  which  it  seemed  to  be  injured 

by  a  violent  contraction  of  the  pronator  teres.     When  there  is  complete 

damage  to  the  nerve,  pronation  is  impossible  beyond  the  mid-position,  to 

which  the  supinator  longus  can  bring  the  forearm,  and  an  attempt  is  made 

to  supplement  this  by  rotating  the  humerus  inward,  and  separating  the 

elbow  from  the  side.     The  wrist  can  only  be  flexed  with  a  strong  inclination 

toward  the  ulnar  side.     The  thumb  is  in  persistent  extension  and  adduction 

(like  the  thumb  of  the  ape,  Figs.  20  and  21,  p.  54),  and  cannot  be.opposed 

to  the  tips  of  the  fingers.     The  power  of  flexing  the  second  phalanges  on 

the  first  is  lost,  and  also  that  of  flexing  the  distal  phalanx  of  the  first  and 

second  finger,  but  this  phalanx  can  still  be  flexed  in  the  third  and  fourth 

fingers,  by  the  ulnar  half  of  the  flexor  profundus  (see  p.  51).     Interosseal 

flexion  of  the  first  phalanx  is  still  possible,  and  the  unopposed  extensor 

action  of  the  interossei  on  the  middle  and  distal  phalanges  tends  to  cause  a 

subluxation  of  the  articulations  concerned.     The  wasting   of  the   thenar 

muscles  is  usually  conspicuous.     The  condition  of  the  hand  resulting  from 

these  palsies  is  very  characteristic.     The  sensory  loss  is  variable  ;  it  may  be 

absolute  or  absent.     If  there  is  anesthesia  on  the  palmar  surface  it  will 

often  be  found  also  on  the  dorsal  aspect  of  the  extremities  of  the  first  two 

fingers.     Lesions  of  the  median  nerve,  if  rare,  are  apt  to  be  severe,  and 

their  course  correspondingly  prolonged. 

The  Ulnar  nerve  comes,  through  the  inner  cord  of  the  plexus,  from  the 
last  cervical  and  first  dorsal  roots,  and  its  origin  fromrte  lowest  part  of  the 
cervical  enlargement  gives  it  an  important  relation,' since  it  is  the  first,  of 
all  the  brachial  nerves,  to  be  affected  by  disease  that  ascends  from  the  dorsal, 
to  the  cervical  region  of  the  spinal  cord.  The  nerve  supplies  the  ulnar  flexor 
of  the  wrist,  the  ulnar  half  of  the  deep  flexor  of  the  fingers,  the  muscles  of 
the  little  finger,  the  interossei,  some  of  the  lumbricales,  the  adductor  and 
inner  head  of  the  short  flexor  of  the  thumb.  Its"  sensory  area  is  the  ulnar 
side  of  the  hand,  back  and  front,  more  extensive  on  the  back  of  the  hand 
(two  fingers  and  a  half)  than  on  the  front  (one  finger  and  a  half)  Ihe 
course  of  the  nerve,  superficial  behind  the  elbow  and  at  the  wrist,  renders  it 
liable  to  separate  injury.  It  is  often  implicated  in  wounds  of  the  arm  and 
injured  in  operations  about  the  elbow  joint,  by  dislocations  of  the  shoulder 
and  elbow,  and  by  fractures  of  the  bones  of  the  forearm.  It  is  «*a«^ 
the  seat  of  neuritis,  and,  like  the  musculo -spiral  nerve,  it  is orn« 
paralyzed  by  pressure.     It  is  probable  that  pressure  often  acts  by  setting  up 
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neuritis.  At  the  elbow,  the  projecting  bones  preserve  the  nerve  from  direct 
pressure ;  although  Duchenne  describes  paralysis  in  men  who,  while  at  work, 
rest  the  bent  elbow  on  a  hard  substance,  this  mechanism  is  certainly  rare. 
It  is  much  more  common  for  the  nerve  to  suffer  in  long-continued  flexion 
of  the  elbow,  without  external  pressure ;  and  from  this  cause  the  nerve  is 
sometimes  paralyzed  during  sleep.  I  have  three  times  seen  a  sleep-palsy  of 
the  ulnar  nerve.  The  tension  may  set  up  neuritis,  and  is  especially  effective 
if  the  resistance  of  the  tissues  to  morbid  influences  is  lessened  by  general  ill- 
health.  Many  persons  must  have  noticed  that  if,  when  out  of  health,  they 
sleep  with  the  elbow  bent,  they  wake  with  tingling,  and  even  loss  of  feeling, 
in  the  region  supplied  by  the  ulnar  nerve,  although  this  may  not  happen 
when  they  are  in  good  health.  If  the  ill-health  is  profound,  as  in  an  acute 
illness,  local  neuritis  of  considerable  intensity  may  be  set  up.  Thus  a  lady, 
a  few  days  after  childbirth,  who  was  prostrated  by  a  long,  exhausting  labor, 
noticed  tingling  in  the  side  of  the  hand,  and,  whenever  she  bent  her  elbow, 
a  sensation  "as  if  she  had  knocked  her  funny  bone."  Paralysis  of  the 
muscles  .supplied  by  the  ulnar  nerve  followed  in  a  few  hours,  and  in  a  fort- 
night there  was  distinct  wasting.  When  I  saw  her,  six  months  later,  the  ulnar 
nerve  behind  the  elbow  was  distinctly  thickened.  She  had  had  a  similar, 
but  more  transient,  attack  after  a  previous  confinement.  Another  patient 
had  a  similar  palsy  during  the  course  of  typhoid  fever.  Bernhardt  has 
described  a  case  of  palsy  of  both  ulnar  nerves  during  the  course  of  typhoid. 
In  such  conditions,  not  only  is  the  tissue  health  lowered,  but  warning  sensa- 
tions are  often  unperceived. 

The  importance  of  the  interosseal  flexion  of  the  fingers  for  many  actions, 
such  as  writing,  renders  palsy  of  the  ulnar  nerve  peculiarly  disabling.  Several 
illustrations  of  the  symptoms  have  been  given  in  connection  with  palsy  of 
the  interossei  (p.  52).  In  flexion  of  the  wrist,  the  hand  deviates  toward  the 
radial  side,  and  persistent  distortion  may  take  place.  Adduction  of  the 
thumb  is  lost,  and  so  are  most  movements  of  the  little  finger.  The  fingers 
cannot  be  flexed  at  the  first  or  extended  at  the  other  joints,  but  the  loss  is 
slighter  in  the  first  two  fingers  than  in  the  others,  because  their  lumbricales 
are  supplied  by  the  median  nerve.  In  time  the  opponents  of  the  interossei, 
by  their  contracture,  lead  to  over-extension  of  the  first  phalanges  and  flexion 
of  the  others;  the  "claw-like  hand"  is  produced  (see  p.  52),  but  this  is  less 
complete  than  in  cases  of  progressive  muscular  atrophy,  on  account  of  the 
escape  of  the  first  two  lumbricales.  When  the  palsy  is  imperfect  it  may  be 
possible  to  extend  the  second  and  third  phalanges,  if  the  first  can  be  over- 
extended, and  an  advantage  thus  given  to  the  interossei,  by  the  lengthening 
of  the  course  of  their  tendons,  just  as  in  partial  paralysis  of  the  long  extensors 
they  may  be  able  to  extend  the  digits  if  the  wrist  is  flexed,  but  not  if  it  is 
extended. 

The  loss  of  sensation,  as  in  the  case  of  the  other  nerves,  varies  much 
both  according  to,  and  irrespective  of,  the  degree  of  lesion  of  the  nerve. 
Subjective  sensations  are  common,  with  and  without  anaesthesia,  and 
those  who  have  had  neuritis  are  sometimes  unable  to  bend  the  elbow  for 
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more  than  a  few  minutes  without  feeling  tingling  in  the  area  supplied  by 
the  nerve.  ] 

The  diagnosis  of  disease  of  the  ulnar  nerve  is  easy.  A  difficulty  is  occa- 
sionally caused  by  the  circumstance  already  mentioned,  that  disease  at  the 
lowest  part  of  the  cervical  enlargement  may  cause  symptoms  limited  to  the 
region  of  this  nerve,  but  a  knowledge  of  tha  fact  is  usually  sufficient  to 
prevent  an  error. 

Combined  Palsies  of  the  Nerves  of  the  Arm.— Paralysis  in  the 
region  of  two  or  more  of  the  nerves  of  the  arm  is  very  common,  and  results 
from  many  causes.  It  may  be  due  to  disease  of  the  spinal  cord,  or  to  disease 
of  the  nerve  roots  within  the  spinal  canal,  but  with  these  we  are  not  now 
concerned.  The  most  frequent  causes  of  such  combined  palsy  outside  the 
spinal  canal  are  the  following:  (1)  Morbid  processes  in  the  neck,  affecting 
the  nerve  roots  outside  the  spine  or  the  upper  part  of  the  brachial  plexus. 
(2)  Diseases  of  the  plexus  itself,  neuritis,  and  especially  dislocations  of  the 
shoulder.  (3)  Fractures  of  the  bones  of  the  forearm.  (4)  Ascending  neu- 
ritis, "neuritis  migrans,"  which,  commencing  in  a  single  nerve,  may  ascend 
it  to  the  plexus,  and  there  spread  to  the  fibres  of  other  nerve  trunks. 

We  may  consider  first  the  cause  last  named.  .  An  injury  of  a  single  nerve 
is  sometimes  followed  by  an  extension  of  the  motor  and  sensory  symptoms 
to  the  regions  supplied  by  other  nerves.  This  can  only  be  explained  by  an 
ascending  neuritis  reaching  the  junction  of  the  nerves  at  the  brachial  plexus, 
and  there  spreading,  often  in  what  seems  a  random  manner.  Thus  a  lady 
cut  her  wrist  so  as  to  leave  a  scar  an  inch  long,  over  the  position,  and  in  the 
direction,  of  the  median  nerve.  The  injury  caused  paralysis  and  wasting  of 
all  the  muscles  in  the  hand  supplied  by  this  nerve.  This  palsy  was  followed 
by  a  gradual  loss  of  power,  with  diminished  faradaic  irritability,  in  the  long 
extensor  of  the  fingers,  the  ulnar  flexor  of  the  wrist,  and  also  by  defect  of 
sensation  in  the  skin  supplied  by  the  ulnar  nerve.  Hence  the  neuritis  must 
have  ascended  to  the  plexus,  and  there  have  spread  along  each  root  of  the 
median  nerve.  Again,  a  woman  cut  her  right  hand,  with  a  broken  stone 
bottle,  along  the  hypothenar  eminence.  Three  weeks  afterward  the  muscles 
of  the  hand  supplied  by  the  ulnar  nerve  gradually  became  paralyzed,  with 
wasting  and  loss  of  irritability,  and  in  the  area  of  the  skin  supplied  by  the 
nerve  there  was  first  tingling  and  then  diminished  sensibility.  Burning  pain 
spread  up  the  front  of  the  forearm,  and  inner  side  of  the  upper  arm,  to  the 
axilla ;  all  the  forearm  muscles  lost  power,  the  flexor  carpi  ulnaris,  and  the 
flexor  sublimis  digitorum  in  greatest  degree ;  the  tingling  and  lessened  sen- 
sibility spread  to  the  fingers  supplied  by  the  median  nerve,  and  the  abductor 
pollicis  wasted.  In  this  case,  also,  there  must  have  been  an  ascending  neuritis 
of  the  ulnar,  spreading  to  the  median  at  the  brachial  plexus. 

The  brachial  plexus  is  occasionally  the  seat  of  a  primary  neuritis,  some- 
times apparently  rheumatic  in  origin,  sometimes  developing  without  any 
distinct  exciting  cause.  The  symptom  of  such  neuritis  is  pain,  acute  or 
burning  in  character,  in  the  position  of  the  plexus,  extending  along  the 
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course  of  some  of  the  nerve  trunks,  and  accompanied  by  various  indica- 
tions of  organic  damage  to  the  nerves  that  arise  from  the  plexus.  These 
cases  are  always  most  tedious  in  their  course.  Fortunately  they  are  rare. 
A  far  more  common  cause  of  damage  to  the  plexus  is  dislocation  of  the 
shoulder,  especially  subcoracoid  dislocation,  in  which  the  displaced  head  of 
the  humerus  necessarily  compresses  the  nerves.  The  extent  of  injury  varies 
greatly ;  only  one  nerve  may  suffer,  or  not  one  may  escape.  Every  muscle 
of  the  arm  may  be  paralyzed,  from  the  deltoid  downward.  In  most  cases 
the  injury  is  severe  in  degree ;  there  is  rapid  wasting  of  the  muscles,  with 
the  reaction  of  degeneration,  and  there  is  a  great  tendency  to  the  occur- 
rence of  trophic  changes  in  the  skin.     It  was  in  a  case  of  this  character 


Fig.  50. 


Fig.  49. 


Combined  palsy  of  deltoid,  supra-spinatus,  and 
infra-spinatus,  from  a  fall  on  the  shoulder. 


Left  hand  of  a  patient  suffering  from  a  grow  th  beside 
the  lower  cervical  spine  compressing  the  nerve  roots . 
There  was  anesthesia  of  all  parts  supplied  by  the 
brachial  and  cervical  plexus.  The  arm  was  adducted, 
the  elbow  flexed.the  hand  in  the  posture  shown.flexion 
of  first,  extension  of  second,  strong  flexion  of  last, 
phalanges,  the  first  phalanx  of  the  thumb  over-ex- 
tended, the  second  flexed.  Rigidity  extreme,  and  an 
attempt  to  overcome  it  caused  great  pain.  There  was 
also  some  contracture  of  the  foot  (equino-valgus). 

that  the  forearm  and  hand  were  covered  with  blisters  from  the  application 
of  hot  water  that  seemed  merely  warm  to  a  healthy  hand  (p.  72). 

Fracture  of  the  humerus  may  damage  both  the  musculo-spiral  and  ulnar 
nerves,  rarely  the  median.  Fracture  of  the  bones  of  the  forearm  often 
injures  both  the  median  and  ulnar  nerves. 

Injuries  to  the  neck  sometimes  cause  a  partial  paralysis  of  the  arm  of 
peculiar  distribution,  the  special  characters  and  significance  of  which  were 
first  pointed  out  by  Erb.*  ^similar  paralysis  sometimes  comes  on  apart 

*  Heidelberg  Society,  1874,  Ziemssen's  Handbuch,  1874,  Bd.  xii.pt  2  «  c0Q-  see  also 
Bernhardt,  Zeituh.f.  kl.  Med.,  lSS2,  Bd.  iv,  p.  4,5.  P      '  P"  S  9 '  S° 
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from  injury.  The  muscles  affected  are  the  deltoid,  often  the  supra-spinatus 
and  infra-spinatus,  the  biceps  and  brachialis  anticus,  and  the  supinators. 
Erb  found  that  there  is  one  spot  between  the  scaleni,  corresponding  to  the 
sixth  cervical  nerve,  at  which  electrical  stimulation  puts  all  these  muscles  in 
action.  Hoedemaker,  who  has  described  two  cases  of  this  palsy,  finds  the 
motor  point  in  a  line  drawn  from  the  sterno-clavicular  articulation  to  the 
seventh  cervical  spine,  1.5  centimetres  from  the  edge  of  the  trapezius.  The 
palsy  is  apparently  dependent  on  disease  of  the  roots  of  the  fifth  and  sixth 
cervical  nerves,  and  the  fifth,  it  will  be  remembered,  receives  a  twig  from 
the  fourth.*  Besides  injuries,  this  group  of  palsies  may  result  from  non-trau- 
matic processes,  probably  from  neuritis,  and  also  from  growths  in  this  situa- 
tion. Duchenne  and  Seligm  filler  have  also  described  paralysis  of  similar 
distribution  produced  in  infants  during  birth,  either  by  pressure  from  the 
position  of  the  arm,  or  by  traction  on  the  neck  with  the  finger  or  hook. 
Most  obstetrical  cases  slowly  recover.  Those  due  to  injury  in  adult  life  are 
often  severe ;  the  symptoms  continue  for  a  long  time,  and  may  be  permanent. 

Another  series  of  muscles  is  paralyzed  when  the  lower  nerve  roots  of  the 
brachial  plexus  are  diseased,  the  seventh  and  eighth  cervical  and  the  first 
dorsal.  The  palsy  may  be  termed  the  "lower  arm  type;"  those  muscles 
escape  that  are  involved  in  the  "  upper  arm  type."  Thus  a  woman  with  a 
deop-seated  growth  in  the  lower  part  of  the  neck  on  the  right  side,  pre- 
sented palsy  and  wasting  of  the  triceps,  forearm  flexors  and  extensors,  and 
hand  muscles.     The  deltoid  biceps  and  supinators  escaped. 

Morbid  processes  connected  with  the  bones  of  the  cervical  spine  some- 
times produce  combined  symptoms  of  irritation  and  palsy  of  the  nerves  of 
the  arm,  pain,  hyperesthesia,  anaesthesia,  paralysis  of  muscles,  and  extreme 
muscular  contractures,  often  very  irregular  in  distribution  (such  as  are 
shown  in  Fig.  50).  I  have  also  twice  seen  purely  sensory  symptoms  in  the 
arm  due  to  what  was  apparently  syphilitic  cellulitis  about  the  vertebra?, 
causing  deep-seated  induration  beside  the  spine,  and  quickly  dispersed  by 
iodide  of  potassium. 

Diagnosis.— The  diagnosis  of  diseases  of  the  nerves  of  the  arm  has  been 
for  the  most  part  sufficiently  considered  in  connection  with  the  special 
nerves.  It  consists  chiefly  in  an  application  of  the  facts  there  stated.  One 
or  two  more  general  considerations  deserve,  however,  a  brief  mention. 
Some  diseases  of  the  spinal  cord  are  first  manifested  in  the  arm,  by  muscu- 
lar palsy,  wasting,  or  by  anaesthesia.  The  risk  of  error  is  prevented,  in 
most  cases,  by  the  absence  of  any  correspondence  between  these  symptoms 
and  the  functions  of  special  nerves,  by  the  absence  of  any  indication  of 
morbid  processes  in  the  neighborhood  of  the  nerves,  and  by  the  presence  of 
other  signs  of  disease  of  the  spinal  cord.  It  has  been  mentioned  that 
disease  in  the  lowest  part  of  the  cervical  enlargement  may  be  manifested 


*  Erb  referred  the  palsy  to  disease  of  the  sixth  nerve.  The  experiments  of  Ferrier  and 
Yeo  point  to  the  fifth  and  fourth  roots  as  those  innervating  these  muscles,  but  his  subsequent 
correction  indicates  the  fifth  and  sixth  (see  p., 86). 
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only  in  the  region  of  the  ulnar  nerve,  the  lowest  in  origin  of  all  the  brachial 
nerves.  Such  disease  is,  however,  usually  bilateral,  and  secondary  to  disease 
in  the  dorsal  region  of  the  cord,  the  indications  of  which  have  preceded  the 
symptoms  in  the  arm.  A  knowledge  of  these  facts,  and  a  careful  considera- 
tion of  the  distribution  and  course  of  the  symptoms,  will  rarely  leave  the 
observer  in  doubt. 

A  greater  difficulty  in  diagnosis  is  presented  by  some  cases  of  functional 
disorder.  The  arm  is  a  common  seat  of  neuralgia,  and  the  diagnosis 
between  neuralgia  and  neuritis  is  often  one  of  great  difficulty,  a  difficulty 
that  is  increased  by  the  circumstance  that  slight  disseminated  neuritis  may 
unquestionably  result  from  a  primary  neuralgia,  so  that  the  nerve  trunks 
may  become  tender.  The  distinction  rests  on  the  variable  and  intermittent 
character  of  the  initial  pain,  on  the  secondary  character  of  the  tenderness 
of  the  nerves,  and  on  the  absence  of  interference  with  the  function  of  their 
'fibres.  A  similar  difficulty  is  presented  by  some  cases  of  "occupation 
neurosis,"  of  which  "writers'  cramp"  is  the  most  common  form.  Sensory 
symptoms,  common  in  some  degree  in  these  affections,  may  predominate 
over  the  motor  symptoms,  and  may  consist  of  nerve  pains  and  tenderness. 
The  fact  that  the  pain  is  at  first  excited  only  by  one  kind  of  muscular  effort, 
the  initial  limitation  of  the  disability,  and  the  absence  of  any  actual  paraly- 
sis, motor  or  sensory,  usually  suffices  for  the  diagnosis.  These  cases  ,are 
considered  more  fully  in  the  chapter  on  "  Occupation  Neuroses." 

Treatment. — There  is  little  in  the  treatment  of  the  diseases  of  the 
nerves  of  the  arm  that  requires  special  mention.  The  chief  measure  is  the 
treatment  of  the  cause  of  the  paralysis.  Any  present  source  of  pressure 
must  be  removed  as  far  as  possible.  The  ends  of  a  divided  nerve  must  be 
sutured.  It  is  remarkable  how  quickly  this  has  sometimes  been  followed 
by  the  restoration  of  conducting  power.  The  posture  of  the  arm  must,  in 
all  cases,  be  such  as  to  avoid  tension  on  an  injured  or  inflamed  nerve.  The 
treatment  of  neuritis  is  that  already  described.  Electrical  stimulation  of 
the  muscles  is  of  great  importance  in  all  cases  of  severe  damage  to  the 
nerves.  Even  in  old  and  stationary  cases  it  sometimes  is  the  means  of 
starting  some  improvement. 

NERVES   OF  THE  LOWER   LIMB. 

Disease  of  the  nerves  is  far  less  common  in  the  lower  than  in  the  upper 
limb,  with  one  important  exception — the  primary  disease  of  the  sciatic  nerve 
that  goes  by  the  name  of  "sciatica."  This  affection  is  reserved  for  sepa- 
rate description  in  the  next  section. 

The  nerves  of  the  leg  are  derived  from  the  lumbar  and  sacral  plexuses. 
The  lumbar  plexus,  consisting  of  the  first  three  and  a  half  lumbar  roots, 
supplies  the  skin  of  the  lower  part  of  the  abdomen,  of  the  front  and  sides  of 
the  thigh,  of  the  inner  side  of  the  lower  leg  and  foot.  It  supplies  also  many 
muscles— the  cremaster,  and  those  that  flex  and  adduct  the  hip  joint,  and 
those  that  extend  the  knee.  Its  branches  for  the  leg  are  the  obturator  and 
anterior  crural  nerves.     The  sacral  plexus  consists  of  the  fifth  lumbar  root 


NERVES    OF -THE    LEG.  99 

and  half  the  fourth  (lumbo-sacral  cord)  and  the  first  four  sacral  nerves,  of 
which,  however,  only  the  upper  three  have  to  do  with  the  leg.  This  plexus 
innervates  the  extensors  and  rotators  of  the  hip,  the  flexors  of  the  knee, 
and  all  the  muscles  that  move  the  foot,  together  with  the  skin  of  the  gluteal 
region,  the  back  of  the  thigh,  the  outer  side  and  back  of  the  lower  leg,  and 
most  of  the  foot.  Its  chief  nerves  are  branches  to  the  outward  rotators  of 
the  hip,  the  gluteal  nerve,  and  the  small  and  great  sciatic. 

The  results  obtained  by  Ferrier  and  Yeo  (see  p.  86)  on  stimulating  the  roots  of  the  lumbar 

and  sacral  plexuses  in  the  monkey,  may  be  thus  summarized: 

Lumbar  I  and  II.  Lower  abdominal  muscles  (not  cremaster). 

III.  Psoas  and  iliacus,  sartorius,  extensors  of  knee  (flexion  of  hip  and  extension  of 
leg).  _ 

IV.  Glutei,  adductors,  extensor  cruris,  peroneus  longus  (extension  of  hip  and  knee, 
elevation  of  outer  side  of  foot). 

V.  Glutei,  hamstrings,  and  all  the  muscles  in  front  and  back  of  lower  leg  (rota- 
tion of  thigh  outward,  flexion  and  rotation  inward  of  leg ;  extension  of  foot 
with  elevation  of  outer  edge ;  flexion  of  distal  phalanges  of  toes). 
Sacral  I.  Hamstrings,  calf  muscles,  long  flexor  of  toes,  intrinsic  muscles  of  foot  (slight 
outward  rotation  of  thigh,   flexion  of  knee,   extension  of  foot,  adduction  of 
great  toe,  flexion  of  first  phalanges  of  all  toes  and  of  both  phalanges  of  great 
toe). 
II.  Intrinsic  muscles  of  foot  ("  interosseal "  flexion  of  toes,  similar  to  the  last). 
These  results  cannot  be  simply  applied  to  man.     For  instance,  it  is  certain  that  in  man, 
one  flexor  of  the  hip,  the  psoas,  and  the  cremaster,  are  largely  innervated  from  the  second 
lumbar,  but   no  indication  of  the  action  of  either  of  these  could  be  observed  on  stimulating 
this  root  in  the  monkey. 

The  Lumbar  plexus  itself  is  sometimes  damaged  by  growths  in  the  abdomen 
(especially  by  those  that  spring  from  the  lumbar  glands)  and  by  psoas 
abscess,  and  the  nerve  roots  may  suffer  in  disease  of  the  bones  of  the  ver- 
tebrae. The  plexus  may  also  suffer  when  inflammation  ascends  the  lumbo-. 
sacral  cord  from  the  sacral  plexus,  and  it  is  occasionally  the  seat  of  spontaneous 
neuritis.  The  obturator  nerve  is  rarely  affected  alone  ;  it  has  been  sometimes 
damaged  in  the  course  of  parturition.  The  anterior  crural  nerve  has  suffered 
from  the  same  cause,  and  is  sometimes  injured  by  wounds  of  the  groin  or 
thigh,  or  by  dislocation  of  the  hip  joint. 

Of  the  interference  with  movement  that  may  result,  the  paralysis,  of  the 
flexors  of  the  hip  depends  on  the  position  of  the  disease.  This  paralysis  is 
total  only  when  the  lumbar  plexus  is  damaged.  Disease  of  the  anterior 
crural  nerve,  within  the  abdomen,  does  not  affect  the  psoas,  but  may  paralyze 
the  iliacus,  and  so  weaken,  without  abolishing,  the  power  of  flexio'n.  The 
chief  symptom  of  disease  of  this  nerve  is  the  loss  of  power  in  the  extensors 
of  the  knee,  and  the  wasting  of  these  muscles,  together  with  loss  of  the 
knee-jerk  which  results  from  the  interruption  of  the  reflex  arc.  The  effect 
of  these  palsies  on  movement  is  very  serious  (see  p.  55).  Anaesthesia 
involves  the  whole  of  the  thigh  (except  a  strip  along  the  middle  of  the 
back),  the  inner  side  of  the  leg  and  foot,  and  the  adjacent  sides  of  the  first 
and  second  toes.  In  many  cases  the  paralysis  is  incomplete,  and  the  symp- 
toms present  corresponding  variation.     Irritation  of  the  nerve  may  cause 
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severe  pain  in  the  region  supplied  by  it.  This  is  sometimes  an  early  symp- 
tom of  a  growth  near  the  spine.  The  pain  in  neuritis  of  the  plexus  may 
extend  along  the  course  of  the  ilio-hypogastric,  ilio-inguinal,  and  genito- 
crural  nerves,  to  the  lower  part  of  the  abdomen  and  groin. 

Paralysis  of  the  obturator  nerve  causes  a  loss  of  the  power  of  adduction 
of  the  thigh,  so  that  the  patient  cannot  put  one  leg  across  the  other.  Rota- 
tion of  the  thigh  outward  is  interfered  with,  but  in  slighter  degree  than 
adduction.  The  effect  of  these  palsies  (described  on  p.  55)  is  far  less  serious 
than  is  the  disability  which  results  from  disease  of  the  anterior  crural. 

The  Superior  gluteal  nerve  occupies  an  intermediate  position  between  the 
two  plexuses,  arising,  as  it  does,  from  the  lumbo-sacral  cord,  which  descends 
from  the  fourth  and  fifth  lumbar  roots.  Its  disease,  which  is  very  rare  in 
isolated  form,  causes  paralysis  of  the  gluteus  medius  and  minimus,  with  a 
loss  of  abduction  and  circumduction  of  the  thigh  (see  p.  55). 

The  Sacral  plexus  is  sometimes  damaged  by  growths  in  the  pelvis,  by 
pelvic  inflammation  of  various  kinds,  and  by  compression  during  parturi- 
tion. It  is  also  often  the  seat  of  neuritis,  which,  however,  less  frequently 
begins  in  the  plexus,  than  ascends  to  it  from  the  sciatic  nerve.  Apart  from 
spontaneous  neuritis,  which  will  be  separately  described,  the  sciatic  nerve 
outside  the  pelvis  is  occasionally  injured  by  wounds,  rarely  by  dislocations 
of  the  hip,  often  by  disease  of  the  bone,  and  by  adjacent  morbid  growths. 
It  is  also  a  relatively  frequent  seat  of  neuroma.  Of  the  terminal  branches, 
the  external  popliteal,  by  its  superficial  course,  and  proximity  to  the  hard 
fibula,  suffers  from  traumatic  lesions  of  various  kinds ;  it  is  also  prone  to 
spontaneous  neuritis.  This  nerve  is  homologous  with  the  musculo-spiral 
nerve  of  the  arm,  and  presents  an  analogous  liability  to  disease.  The  pos- 
terior tibial  nerve  is  more  secure  in  its  deeper  course,  but  may  be  damaged 
.by  fracture  of  the  bones. 

The  symptoms  of  palsy  of  the  sciatic  nerve  vary  much  in  their  character, 
according  to  the  position  of  the  disease.  The  small  sciatic  is  implicated 
only  when  the  mischief  involves  the  pelvic  plexus,  and  it  scarcely  ever  suffers 
alone.  The  effect  is  palsy  of  the  gluteus  maximus,  which  interferes  with 
rising  from  a  seat  more  than  with  walking  (see  p.  55).  There  is,  also,  anaes- 
thesia of  the  skin  in  the  middle  third  of  the  back  of  the  thigh,  and  in  the 
upper  half  .of  the  calf.  A  lesion  of  the  sciatic  nerve,  near  the  sciatic  notch, 
paralyzes  the  flexors  of  the  leg  (which  are  also  extensors  of  the  hip ;  see  p. 
56),  and  all  the  muscles  below  the  knee.  If  the  "lesion  is  below  the  upper 
third  of  the  thigh,  the  flexors  of  the  leg  escape.  The  anaesthesia  that  results 
from  a  lesion  of  the  nerve  below  the  origin  of  the  small  sciatic,  involves  the 
outer  half  of  the  leg,  the  greater  part  of  the  dorsum  of  the  foot,  and  all  the 
sole. 

The  symptoms  of  disease  of  the  branches  of  the  sciatic  are  as  follows:— 

That  of  the  external  popliteal  nerve  causes  paralysis  of  the  tibialis  anticus, 

long  extensor  of  the  toes,   peronei,  and  extensor  brevis  digitorum.     The 

effect  of  this  is  a  loss  of  all  power  of  flexing  the  ankle  and  of  extending  the 

first  phalanx  of  the  toes  (see  p.  57).     The  foot  cannot  be  raised  from  the 
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ground  in  walking,  and  talipes  equinus  ultimately  results  (Fig.  24,  p.  57), 
which  may  be  attended  with  persistent  flexion  of  the  first  phalanges  of  the 
toes  from  contracture  of  the  unopposed  interossei.  There  is  also  anaesthesia 
on  the  outer  half  of  the  front  of  the  leg,  and  on  the  dorsum  of  the  foot. 

Disease  of  the  internal  popliteal  nerve  paralyzes  the  popliteus,  calf  muscles, 
tibialis  posticus,  and  long  flexors  of  the  toes,  as  well  as  the  muscles  of  the 
sole.  In  addition  to  the  disability  which  characterizes  paralysis  of  the 
plantar  muscles,  there  is  loss  of  the  inward  rotation  of  the  flexed  leg,  if  the 
disease  is  so  high  as  to  involve  the  branch  to  the  popliteus,  and  there  is  also 
loss  of  the  power  of  extending  the  ankle  joint.  Talipes  calcaneus  results 
(Fig-  23,  p.  57).  The  sensory  loss  is  anaesthesia  on  the  outer  part  of  the 
back  of  the  leg  in  the  lower  half,  and  on  the  sole. 

The  plantar  nerves  rarely  suffer  alone.  A  lesion  of  the  internal  nerve 
causes  anaesthesia  on  the  inner  part  of  the  sole,  and  plantar  surface  of  the 
three  inner  toes  and  half  the  fourth,  together  with  paralysis  of  the  short 
flexor  of  the  toes,  the  plantar  muscles  of  the  great  toe  (except  the  adductor), 
and  of  the  two  inner  lumbricales. 

Disease  of  the  external  nerve  produces  anaesthesia  of  the  skin  on  the  outer 
half  of  the  sole,  the  little  toe  and  half  the  fourth,  paralysis  of  the  flexor  acces- 
sorius,  the  muscles  of  the  little  toe,  all  the  interossei,  the  two  outer  lumbricales, 
and  the  adductor  of  the  great  toe.  The  effect  of  the  palsy  (see  p.  58)  is 
serious,  since  the  toes  cannot  take  their  proper  share  in  propelling  the  body 
forward  in  walking,  and  they  gradually  become  flexed  at  the  last  two  joints 
and  extended  at  the  others,  from  the  contracture  of  the  opponents  of  the 
interossei, — a  position  of  the  toes  that  causes  serious  inconvenience  in  walk- 
ing. 

Diagnosis. — The  diagnosis  of  diseases  of  the  nerves  of  the  leg  is  deter- 
mined by  the  same  general  principles  as  those  that  have  been  mentioned  as 
applicable  to  the  nerves  in  general,  and  to  the  nerves  of  the  arm  in  particu- 
lar. The  limitation  of  the  symptoms  to  the  functional  areas  of  individual 
nerve  trunks,  the  evidence  afforded  by  nutrition  and  irritability  that  the 
muscles  are  separated  from  the  spinal  cord,  the  implication  of  the  sensory 
functions,  and  often  the  tenderness  of  the  affected  nerves,  indicate,  in  most 
cases,  the  seat  of  the  disease.  To  these  signs  are  often  added  other  indica- 
tions of  a  local  cause,  corresponding,  in  its  incidence,  with  the  nerve  to 
which  the  symptoms  point. 

The  relation  of  nerve  trunks  to  nerve  roots,  although  by  no  means  simple, 
is  certainly  less  complex  in  the  case  of  the  nerves  of  the  leg  than  in  those  of 
the  arm.  This  is  especially  the  case  in  the  lumbar  plexus,  and  it  leads 'to  an 
occasional  difficulty  in  diagnosis.  Pressure  on  the  spinal  cord,  for  instance, 
■at  the  level  of  the  origin  of  the  fourth  lumbar  roots,  may  cause  symptoms 
identical  with  those  of  a  partial  lesion  of  the  anterior  crural  nerve.  Paralysis 
of  the  extensors  of  the  knee,  loss  of  the  knee-jerk,  anesthesia  in  the  front  of 
the  thigh,  were  present  from  this  cause  in  a  case  of  meningeal  gumma.  But 
other  evidence  of  a  spinal  lesion  is  rarely  absent  under  such  circumstances, 
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and,  in  this  patient,  a  foot  clonus,  due  to  the  pressure  on  the  pyramidal 
fibres,  left  no  doubt  as  to  the  situation  of  the  disease.  Another  difficulty- 
arises  from  the  long  course  of  the  nerve  roots  in  the  cauda  equina,  disease 
of  which  may  simulate  that  of  the  nerves  of  the  leg.  But  the  symptoms  are 
commonly  bilateral  in  consequence  of  the  proximity  of  the  nerve  roots  of  the 
two  sides:  In  all  cases  in  which  the  symptoms  are  bilateral  (unless  there  is 
evidence  of  a  disease  known  to  cause  symmetrical  lesions,  such  as  multiple 
neuritis),  the  suggestion  is  that  the  disease  is  situated  where  the  motor  or 
sensory  paths  of  each  side  are  so  near  that  they  can  be  affected  by  a  single 
lesion,  i.  <?.,  that  the  disease  is  within  the  spinal  canal.  But  here,  as  in 
other  cases,  we  cannot  reverse  our  diagnostic  rules.  Disease  of  the  spinal 
cord  does  not  always  cause  bilateral  symptoms.  A  limited  lesion  of  one 
anterior  cornu  may  be  so  placed  as  to  paralyze  the  muscles  supplied  by  a 
single  nerve,  and  a  doubt  may  be  felt  as  to  the  central  or  peripheral  origin 
of  such  palsy.  The  muscles  supplied  by  the  anterior  crural  nerve,  and  the 
muscles  in  the  front  of  the  lower  leg  supplied  by  the  external  popliteal,  are 
those  of  which  the  central  palsy  sometimes  leads  to  doubt.  But  the  mode 
of  onset,  the  presence  or  absence  of  sensory  symptoms,  the  rarity  of  acute 
spinal  palsy  except  in  childhood,  and  of  nerve  lesions  except  in  adult  life, 
the  wider  initial  prevalence  of  the  palsy  in  acute,  and  its  later  extension  in 
chronic,  cornual  disease, — these  suffice  as  a  rule  to  remove  any  doubt  that 
may  at  first  be  felt. 

It  is  important  to  remember  that  the  pressure  of  a  growth  may  cause 
either  a  chronic  or  an  acute  affection  of  the  nerves.  The  chronic  symptoms 
result  from  pressure ;  the  acute  from  a  neuritis  set  up  by  the  pressure  and  irrita- 
tion. Thus  neuritis,  while  it  does  not  suggest,  does  not  exclude,  a  cause 
outside  the  nerve. 

Treatment. — The  treatment  of  diseases  of  the  nerves  of  the  leg  must 
depend,  in  each  case,  on  the  nature  of  the  lesion  and  the  character  of  the 
symptoms.  It  does  not  differ  from  that  of  disease  of  the  nerves  of  the  arm, 
and  its  general  principles  have  been  already  stated.  More  care,  perhaps,  is 
needed  to.  avoid  increasing  present  mischief,  or  inviting  a  relapse,  by  expo- 
sure to  cold,  or  by  fatiguing  exertion.  More  care  is  also  needed  to  obviate 
the  tendency  to  secondary  contractures  in  the  case  of  palsies  of  long  dura- 
tion, and  in  those  attended  by  pain,  in  which  the  patient  seeks  ease  in  pos- 
tures to  which  the  muscles  only  too  readily  adapt  themselves.  The  contraction 
of  the  hamstrings,  from  constant  flexion  of  the  knees,  is  that  which  occurs  most 
readily,  and  is  most  serious  when  the  patient  recovers  from  the  palsy,  or 
loses  the  pain,  which  led  to  the  adoption  of  the  position.  The  contracture 
of  the  calf  muscles,  which  occurs  when  the  flexors  of  the  ankle  are  paralyzed, 
also  constitutes  a  serious  obstacle  to  walking  after  recovery.  A  little  timely 
care,  in  preventing  these  contractures,  will  often  save' a  vast  amount  of  later 
trouble.  That  of  the  calf  muscles,  however,  which  is  due  to  the  extension 
produced  by  the  weight  of  the  foot,  as  the  patient  lies,  cannot  always  be 
altogether  prevented. 
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As  the  word  sciatica  is  commonly  used,  it  is  a  general  designation  for  all 
affections  of  which  the  chief  symptom  is  pain  in  the  region  of  the  sciatic 
nerve.  It  is  thus  often  applied  to  the  pain  which  results  from  pressure  on 
the  nerve  in  the  pelvis,  as  by  a  tumor.  In  a  stricter  use  of  the  word,  how- 
ever, it  is  applied  to  painful  affections  of  the  nerve  not  due  to  any  cause 
outside  it.  The  two  varieties  may  be  distinguished  as  secondary  and  primary 
sciatica.  Primary  sciatica  is  commonly  regarded  as  a  neuralgia.  This  view 
is  probably  in  the  main  erroneous  ;  the  vast  majority  of  cases  of  sciatica  are 
really  cases  of  neuritis  of  the  sciatic  nerve.  The  reasons  for  this  opinion  are 
given  in  the  section  on  the  pathology  of  the  disease. 

Causes. — Sciatica  is  far  more  frequent  in  males  than  in  females;  the 
proportion  has  been  very  variously  estimated.  It  is  difficult  to  obtain 
statistics  on  the  malady  that  are  free  from  sources  of  fallacy,  since  compara- 
tively few  cases  enter  general  hospitals.  The  incidence  of  severe  sciatica 
seems  to  be  fairly  presented  by  the  137  cases  that  were  treated  in  the 
Devonshire  Hospital,  Buxton,  during  the  year  1883,  and  there  is  no  reason 
to  suppose  that  slight  cases  differ,  in  this  respect,  from  those  that  are  severe. 
The  percentage  of  males  is  82;  of  females,  18;  giving  a  ratio  of  4  to  1, 
which  is  probably  very  near  the  truth.  The  disease  is  unknown  in  child- 
hood, and  rare  in  the  second  decade  of  life.  It  is  most  frequent  between 
forty  and  fifty,  next  between  fifty  and  sixty,  and  next  between  thirty  and 
forty.  The  percentage  distribution  of  the  137  cases  at  Buxton  is  as  follows : 
Ten  to  twenty,  3  per  cent. ;  twenty  to  thirty,  9  per  cent. ;  thirty  to  forty, 
19  per  cent. ;  forty  to  fifty,  29  per  cent. ;  fifty  to  sixty,  26  per  cent. ;  sixty 
to  seventy,  13  per  cent. ;  over  seventy,  1  per  cent.  The  influence  of  age  is 
nearly  the  same  in  each  sex. 

Two  constitutional  conditions  are  potent  factors  in  the  production  of 
sciatica, — gout,  and  that  form  of  rheumatism  which  affects  chiefly  the  fibrous 
tissues  of  the.  muscles.  These  two  constitutional  states  cannot  always  be 
entirely  separated,  but  many  of  the  sufferers  are  of  opposite  types ;  some  are 
stout,  plethoric,  distinctly  gouty;  others  pale,  weakly,  and  rheumatic.  It 
is,  I  think,  most  common  among  those  who  are  gouty,  but  do  not  suffer  from 
articular  gout.  Such  individuals  often  have  many  attacks.  Gouty  inheritance 
is  sometimes  to  be  traced  in  those  who  suffer  early  from  the  disease.  Syphilis 
has  been  supposed  in  some  cases  to  be  the  cause  of  a  sciatic  neuritis,  but 
cases  in  which  the  syphilitic  nature  of  the  disease  is  certain  are  extremely 

rare. 

An  exciting  cause  is  to  be  traced  only  in  a  minority  of  the  cases.  Exposure 
to  cold  is  the  most  common.  It  is  usually  local  exposure,  as  by  wet  boots, 
standing  in  water,  etc. ;  sometimes,  however,  a  general  chill  of  the  body 
determines  an  attack.  The  exposure  to  cold  may  be  even  more  direct,  as 
by  sitting  on  wet  grass.  I  believe  that  draughty  water-closet  seats  are 
answerable  for  some  cases.  The  neuritis  occasionally  arises  by  the  extension 
to  the  nerve  of  adjacent  rheumatism.  Thus  I  have  known  an  attack  of  that 
form  of  lumbago  which  is  localized  in  the  fibrous  attachments  of  the  muscles 


104  SCIATICA. 

at  the  back  of  the  sacrum,  to  pass  into  sciatica,  distinctly  by  the  rheumatic 
affection  of  the  fibrous  tissues,  extending  along  the  fasciae  to  the  nerve  sheath 
in  the  neighborhood  of  the  sciatic  notch.  Mechanical  causes  also  sometimes 
excite  the  disease,  and  still  more  often  cooperate  with  other  influences.  The 
pressure  of  the  edge  of  the  chair,  in  those  who  sit  much,  is  the  most  frequent 
mechanical  cause.  Muscular  over-exertion  has  been  thought  occasionally 
to  excite  the  disease.  If  the  nerve  is  already  tender,  a  strong  contraction 
of  the  muscles  at  the  back  of  the  thigh,  especially  when  the  knee  is  flexed, 
and  the  muscles  can  freely  shorten  and  widen,  may  produce  acute  pain  in 
the  nerve,  evidently  by  its  compression.  It  is  conceivable,  therefore,  that 
this  cause  may  be  effective  in  a  predisposed  person.  Various  mprbid  processes 
within  the  pelvis  may  cause  symptoms  of  sciatica,  usually  by  acting  on  the 
sacral  plexus.  Thus  rectal  and  other  tumors,  pelvic  inflammation,  and  injury 
during  labor  are  occasional  causes.  A  loaded  rectum  has  been  thought  to 
be  capable  of  producing  it.  Mechanical  congestion  of  the  plexus  of  veins 
which  lies  over  the  sacral  plexus  of  nerves  is  usually  regarded  as  an  occasional 
cause,  but  this  is  somewhat  hypothetical,  and  its  efficiency  can  scarcely  be 
demonstrated.  Lastly,  the  sciatic  nerve  may  be  secondarily  involved  in 
mischief  that  is  outside  the  pelvis.  The  most  frequent  cause  of  this  is  disease 
of  the  bone,  and  especially  disease  of  the  hip  joint.  In  all  these  forms  of 
secondary  sciatica  the  symptoms  are  due  partly  to  pressure  on  the  nerve, 
partly  to  inflammation  excited  in  it  by  the  pressure,  or  extending  to  it  from 
the  adjacent  disease. 

Pathological  Anatomy.— Sciatica  being  a  disease  that  does  not  itself 
cause  death,  observations  of  the  morbid  changes  are  few.  In  most  cases  that 
have  been  examined,  distinct  evidence  of  neuritis  has  been  found,  chiefly 
involving  the  nerve  sheath,  but  extending  in  some  cases  to  the  interstitial 
tissue.  The  changes  are  those  that  have  been  already  described  in  the 
account  of  neuritis  (p.  74).  In  recent  cases  there  is  swelling  and  redness 
of  the  sheath,  sometimes  there,  are  small  hemorrhages,  and,  in  severe  cases, 
similar  but  slighter  alterations  in  the  interstitial  tissue,  with  secondary  damage 
to  the  nerve  fibres.  The  signs  of  inflammation  are  most  intense  at  the  sciatic 
notch,  and  opposite  the  middle  of  the  thigh.  They  may  be  limited  to  one 
or  both  of  these  places,  or  they  may  be  greatest  there,  and  extend,  in  slighter 
degree,  over  a  considerable  tract  of  the  nerve. 

Symptoms.— The  chief  symptom  of  sciatica  is  pain  along  the  course  of  the 
nerve  trunk,  often  also  along  that  of  its  branches,  and  sometimes  in  the  area 
of  its  distribution.  The  affection  may  begin  suddenly,  especially  in  cases  of 
rheumatic  origin,— as  suddenly  as  lumbago.  More  frequently  the  onset  is 
gradual;  slight  pain  is  felt  along  the  back  of  the  thigh,  on  movements  and 
in  postures  that  make  the  nerve  tense,  or  cause  pressure  upon  it.  As  the 
disease  increases,  the  pain  is  more  readily  produced,  and  becomes  greater  in 
degree,  until  at  last  the  patient  is  free  from  induced  pain  only  when  at  rest 
and  the  leg  is  in  a  certain  position.  Any  movement  that  makes  the  nerve 
tense  causes  extreme  suffering,  and  to  avoid  this,  the  knee,  in  walking  is 
kept  slightly  flexed,  and  the  leg  held  stiffly  so  as  to  avoid  painful  changes  in 
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the  tension  of  the  nerve.  As  the  pain  on  movement  increases,  spontaneous 
pain  is  added,  at  first  chiefly  felt  in  the  nerve  trunk,  but  soon  spreading  to 
its  branches  and  distribution.  It  is  usually  most  intense  in  certain  spots— 
(i)  above  the  hip  joint,  near  the  posterior  iliac  spine,  (2)  at  the  sciatic  notch, 
(3)  about  the  middle  of  the  thigh,  (4)  behind  the  knee,  (5)  below  the  head 
of  the  fibula,  (6)  behind  the  external  malleolus,  (7)  on  the  back  of  the  foot. 
The  pain  may  radiate  over  the  whole  distribution  of  the  nerve,  but  it  is  often 
so  distinctly  limited  to  the  course  of  the  trunk  and  branches,  that  the  patient 
points  these  out  with  exactness,  when  he  indicates  the  course  of  the  pain. 
It  may  be  dull  or  acute,  and  is  often  burning  in  character.  It  may  seem  to 
dart  downward,  often  starting  from  the  highest  point  behind  the  iliac  bone. 
As  the  pain  on  movement  increases,  the  nerve  trunk  becomes  extremely 
tender  to  pressure,  especially  along  the  back  of  the  thigh.  Even  before  the 
tenderness  becomes  considerable,  it  may  often  be  elicited  in  the  following 
manner.  Let  the  patient  sit  on  a  chair  with  the  knee  at  a  little  more  than 
a  right  angle.  If  the  finger  is  then  pressed  into  the  popliteal  space,  so  as  to 
make  the  nerve  a  little  more  tense,  a  pain  is  felt,  shooting  up  the  course  of 
the  nerve  at  the  back  of  the  thigh.  This  is  a  very  useful  test  of  sensitiveness 
of  the  nerve,  and  is  of  diagnostic  value  in  slight  cases.  Sometimes  there  is 
great  pain  behind  the  hip,  and  radiating  pains  in  the  distribution  of  the 
nerve,  but  very  little  tenderness  of  the  trunk ;  in  these  cases  the  chief  disease 
is  within  the  pelvis.  It  is  not  common  for  tender  points  to  be  developed  in 
the  periphery. 

Abnormal  sensations  other  than  pain  are  often  felt  in  the  area  of  distri- 
bution of  the  nerve,  tingling,  formication,  and  the  like,  and  in  severe  cases 
there  may  be  irregular  spots  of  anaesthesia  on  the  back  of  the  thigh,  on  the 
leg,  or  the  foot.  The  affection  of  sensibility  at  the  back  of  the  thigh  indi- 
cates that  the  disease  extends  up  the  nerve,  above  the  sciatic  notch,  to  the 
origin  of  the  small  sciatic,  or  that  this  is  involved  in  a  simultaneous  neuritis. 
In  severe  cases  th'e  muscles  supplied  by  the  nerve  become  flabby,  tender 
to  the  touch,  and  sometimes  distinctly  weak  and  wasted.  This  is  chiefly 
noticeable  in  the  calf  muscles.  There  may  be  slight  alteration  in  the  elec- 
trical irritability,  but  this  amounts  to  a  distinct  degenerative  reaction  only 
in  very  severe  cases.  Slight  fever  and  corresponding  constitutional  symp- 
toms may  attend  an  onset  that  is  acute,  or  an  inflammation  that  is  intense. 
Chronic  cases,  however,  are  usually  not  attended  by  elevation  of  temperature. 

The  duration  and  severity  of  the  affection  are  extremely  variable.  It  may 
be  trifling  in  degree,  causing  pain  on  movement  only,  and  this  may  pass 
away  in  the  course  of  a  few  weeks.  On  the  other  hand,  the  spontaneous 
pain  may  be  so  continuous  and  intense  that  sleep  can  be  obtained  only  by 
the  help  of  narcotics,  and  the  disease  may  last  for  many  months,  and  even 
for  a  year.  Improvement  is  shown  by  the  subsidence  of  spontaneous  pain, 
followed  by  the  slow  diminution  of  the  pain  on  movement,  and  of  the 
tenderness  of  the  nerve.  The  muscular  wasting,  that  occurs  in  severe  cases, 
may  last  long  after  the  active  stage  of  the.  disease  in  the  nerve,  and  fibrillary 
contractions  in  the  muscles  that  have  been  affected  may  continue  for  years, 
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and  are  sometimes  accompanied  by  a  tendency  to  painful  cramp.  The  disease 
is  prone  to  relapse  and  still  more  prone  to  recur  after  recovery.  A  second 
attack  may  occur  in  the  same  or  in  the  other  leg,  but  both  legs  are  scarcely 
ever  affected  at  the  same  time. 

The  cases  of  secondary  sciatica  depending  on  disease  outside  the  nerve, 
compressing  or  irritating  it,  differ,  in  some  respects,  from  the  primary  form. 
Pain  is  felt  less  in  the  nerve  trunk  than  in  its  distribution.  The  difference  is 
not  absolute ;  it  is  one  of  degree.  There  is  rarely,  however,  the  tenderness  of 
the  nerve  that  is  so  common  in  primary  sciatica.  The  course  of  the  secondary 
cases  is  also  different,  and  depends  on  the  course  of  the  original  disease. 

Complications  of  sciatica  are  rare,  but  one  or  two'deserve  mention.  Cuta- 
neous eruptions,  usually  herpetic  in  character,  have  been  occasionally  met 
with.  These  sometimes  heal  slowly,  but  in  themselves  they  are  unimportant. 
A  graver  complication,  but  happily  a  rare  one,  is  a  tendency  of  the  mischief 
to  ascend  the  nerve.  Thus  symptoms  may  spread  from  the  region  of  the 
sciatic  to  that  of  the  lumbar  plexus ;  the  pain  may  spread  to  the  front  of  the 
thigh,  and  the  extensors  of  the  knee  may  become  flabby  and  weak.  This  is 
probably  due  to  the  passage  of  an  ascending  neuritis  up  the  lumbo-sacral 
cord.  In  extremely  rare  cases,  the  morbid  process  has  apparently  reached 
the  spinal  cord,  and  indications  of  cord  disease  have  thus  succeeded  those 
of  a  primary  and  apparently  simple  sciatica. 

Pathology. — The  nature  of  the  disease  has  been  already  indicated.  The 
evidence  that  the  disease  is  a  neuritis,  and  not  a  neuralgia,  is  chiefly  three- 
fold. The  conditions  under  which  the  disease  occurs  are  very  different  from 
those  that  attend  unquestionable  neuralgia  in  other  situations.  This  has 
been  remarked  with  surprise,  even  by  those  who  regard  it  as  a  neuralgia,  but 
who  have  failed  to  see  the  significance  of  the  difference.  Secondly',  the 
neuritic  nature  of  the  affection  is  clearly  indicated  by  the  facts  of  patho- 
logical anatomy,  scanty  though  these  are.  Thirdly,  the  symptoms  in  severe 
cases  are  proof  of  the  existence  of  neuritis,  the  wasting  of  the  muscles  and  the 
anaesthesia  indicate  structural  damage  to  the  nerve  fibres,  and  preclude  any 
other  explanation.  There  is  every  gradation  between  these  severe  forms  and 
those  which  are  slight,  and  the  symptoms  in  the  latter  are  identical  with 
those  of  the  early  stage  of  the  severe  cases. 

The  symptoms  find  their  explanation  in  the  character  of  the  morbid  pro- 
cess. The  pain  in  the  nerve  and  its  tenderness  must  be  due  to  irritation  of 
the  nervi  nervorum.  The  pain  referred  to  the  distal  portions  of  the  nerve 
is  due  to  the  irritation  of  the  proper  fibres  by  the  interstitial  inflammation, 
while  their  greater  damage  explains  the  anaesthesia  and  muscular  wasting. 

It  may  seem  strange  that,  when  there  is  irritation  of  the  nerve  roots  or 
sacral  plexus  by  pelvic  disease,  or  of  the  trunk  by  hip  disease,  any  pain 
should  be  felt  along  the  course  of  the  nerve.  It  might  be  thought  (and  has 
indeed  been  asserted)  that  all  the  pain  should  be  referred  to  the  peripheral 
distribution  of  the  nerve.  The  explanation  is  that  the  "  nervi  nervorum  " 
are  derived  from  their  own  trunk.  The  nerve  itself  is  part  of  the  area  of 
distribution  of  its  own  fibres. 
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Diagnosis— The  diagnosis  of  sciatica  rests  on  the  position  of  the  pain- 
on  the  relation  of  this  to  the  trunk  of  the  nerve,  and  to  its  area  of  distribu- 
te. But  the  recognition  of  this  relation  does  not  alone  suffice  for  the  diag- 
nosis. We  have  to  consider  the  distinction  from  other  pains  in  the  sciatic 
area,  to  discriminate,  if  we  can,  sciatic  neuritis  from  sciatic  neuralgia,  and  to 
decide  whether  the  affection  of  the  nerve  is  primary,  or  is  secondary  to  mis- 
chief outside  it. 

Branches  of  the  sciatic  nerve  and  sacral  plexus  ramify  over  the  hip  bone, 
and  pain  in  sciatica  maybe  felt  near  the  hip  joint;  hence  disease  of  this 
joint  and  sciatica  may  be  confounded.  The  pain  in  simple  disease  of  the 
hip  joint  does  not  extend  down  the  back  of  the  thigh  in  the  course  of  the 
sciatic,  and  there  is  no  tenderness  of  the  nerve.  The  danger  of  this  error  is 
not  great,  if  a  careful  examination  is  made,  and  has  been  much  exaggerated 
by  writers  unfamiliar  with  the  characteristic  symptoms  of  true  sciatica. 

The  distinction  between  a  sciatic  neuritis  and  a  sciatic  neuralgia  is  some- 
times difficult,  although  less  frequently  than  might  be  inferred  from  current 
accounts  of  these  diseases,  in  which  the  history  of  the  neuralgia  has  been 
written  from  the  symptoms  of  the  neuritis.  If  we  recognize  that  all  cases  of 
sciatica  with  persistent  tenderness  of  the  nerve  are  really  neuritic,  cases  of 
sciatic  neuralgia  become  extremely  rare.  The  two  diseases  occur  usually 
under  different  conditions ;  the  subjects  of  neuralgia  have  often  suffered  from 
neuralgia  elsewhere,  and  are  generally  weakly  and  anaemic.  The  pain  is 
from  the  first  spontaneous  ;  posture  has  little  influence  upon  it ;  movement  is 
not  itself  painful,  although  it  may  excite  paroxysms  of  pain.  The  pain  is 
referred  to  the  branches  and  distribution  of  the  nerve  rather  than  to  its  trunk, 
and  tenderness  of  the  nerve,  if  it  exists,  is  altogether  subordinate  to  the 
spontaneous  pain. 

Secondary  sciatica  is  usually  produced  by  disease  of  bone  about  the  hip 
joint,  or  of  the  joint  itself,  or  by  disease  in  the  pelvis.  In  the  former  case, 
a  careful  examination  (never  to  be  omitted  in  any  case  of  sciatica)  at  once 
reveals  the  mischief.  When  the  disease  is  within  the  pelvis,  the  tenderness 
of  the  trunk  of  the  nerve  is  slight  in  proportion  to  the  pain,  and  this  circum- 
stance should  always  lead  to  a  careful  search  for  any  indication  of  pelvic 
mischief.     In  any  case  of  doubt,  a  rectal  examination  should  be  made. 

Sciatic  pain  occurs  in  some  diseases  of  the  bones  of  the  spine,  in  lesions 
of  the  cauda  equina,  and  occasionally  in  disease  of'  the  spinal  cord  itself. 
In  these  cases  we  have  no  tenderness  of  the  nerve ;  the  pain  is  chiefly 
peripheral,  and  very  often  bilateral.  Double  true  sciatica  is  almost  unknown, 
and  bilateral  pain  should  always  suggest  disease  of  the  nerve  roots  (see  p. 
102).  The  pains  of  locomotor  ataxy  are  often  felt  in  the  sciatic  area,  and 
occasionally  follow  the  course  of  the  sciatic  nerve,  but  their  wider  range, 
their  fugitive  character,  and  their  association  with  other  symptoms  of  tabes, 
should  prevent  an  error. 

Prognosis.— The  prognosis  of  sciatica  not  dependent  on  disease  outside 
the  nerve,  is  always  good  as  regards  ultimate  recovery.  As  a  general  rule, 
the  probable  duration  of  the  disease  is  proportioned  to  the  severity  of  the 
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symptoms.  The  practicability  of  adequate  rest  is  an  important  element  in 
the  prognosis.  Irritating  exertion  may  lengthen  the  duration  of  the  disease 
by  many  months. 

Treatment. — The  principles  of  the  treatment  of  sciatica  are  those  of  neu- 
ritis already  described,  and  only  the  points  of  special  importance  need  be 
here  repeated.  In  all  cases  rest  to  the  limb  is  of  the  utmost  importance, 
and  its  urgency  is  proportioned  to  the  severity  of  the  symptoms.  A  slight 
attack  may  pass  away,  in  spite  of  a  moderate  amount  of  standing  and  walk- 
ing, but  many  slight  cases  are  converted  into  severe  ones  by  unwise  exertion. 
All  postures  and  all  movements  which  increase  pain  should  be  avoided  as 
far  as  possible.  The  same  principle  applies  to  mechanical  compression  of 
the  nerve  by  hard  seats,  and  by  strong  contractions  of  the  flexors  of  the 
knee.  In  more  positive  treatment,  the  possible  causes  of  the  disease  must  be 
remembered.  In  gouty  cases  saline  purgatives  are  often  of  signal  service, 
and  are  distinctly  useful  in  preventing  attacks  in  those  who  are  liable.  In 
the  acute  stage  of  a  severe  attack,  hot  linseed-meal  poultices  should  be 
applied  along  the  course  of  the  nerve,  and  small  doses  of  mercury  may  be 
given  with  advantage.  Counter-irritation  is  of  great  value,  and  cannot  be 
employed  too  early.  A  commencing  attack  may  often  be  cut  short  in  a  few 
days  by  rest,  and  a  series  of  mustard  plasters  or  small  blisters  applied  over 
the  seat  of  pain,  as  this  changes  under  their  influence,  chasing  it,  as  it  were, 
from  one  spot  to  another,  until  it  disappears.  Spontaneous  pain  can  only  be 
relieved  by  sedatives.  Morphia  is  the  surest,  but  often  an  injection  of  half  a 
grain  of  cocain  relieves  the  pain  as  effectually,  and  is  far  less  objectionable. 
Cocain  must  be  injected  at  the  seat  of  the  pain.  Its  influence  in  many  cases 
is  great  and  more  prolonged  than  might  be  anticipated  ;  apparently  the  arrest 
of  impressions  from  the  periphery  facilitates  the  subsidence  of  the  morbid 
irritation.  The  injection  of  morphia  may  be  made,  with  advantage,  over 
the  inflamed  part  of  the  nerve,  so  as  to  combine  slight  counter-irritation 
with  the  sedative  influence.  Simple  acupuncture  along  the  course  of  the 
nerve  has  been  recommended;  it  gives  temporary  relief  to  the  sciatic  pain, 
as  does  any  superficial  pain,  however  produced,  but  the  cases  are  very  few  in 
which  it  has  a  permanent  effect.  Sedative  liniments  and  ointments  may 
also  be  applied  along  the  course  of  the  nerve ;  the  most  useful  are  bella- 
donna liniment  mixed  with  an  equal  part  of  chloroform  liniment,  and  aco- 
nite ointment,  rubbed  in  until  distinct  tingling  is  produced.  Electricity  is 
chiefly  useful  in  the  later  stages  ;  its  method  of  use  has  been  described  in  the 
account  of  the  treatment  of  neuritis.  In  very  obstinate  cases,  nerve  stretching 
has  done  good;  sometimes,  perhaps,  by  releasing  the  nerve  from  adhesions, 
but  probably  more  often  by  effecting  an  energetic  counter-irritation,  and 
enforcing  a  beneficial  rest. 

• 

MULTIPLE  NEURITIS. 
The  term  "multiple  neuritis,"  or  "polyneuritis,"  is  applied  to  the  con- 
dition in  which  many  nerves  are  inflamed  simultaneously  or  in  rapid  succes- 
sion.    It  has  also  been  called  "  disseminated  neuritis,"  but  this  is  an  inap- 
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propnate  name,  because  a  single  nerve  may  be  the  seat  of  disseminated 
inflammation.  The  discovery  that  certain  combinations  of  symptoms 
formerly  thought  to  depend  on  disease  of  the  spinal  cord,  are  really  due  to 
disease  of  the  peripheral  nerves,  is  one  of  the  most  important  steps  in  the 
recent  advance  of  neurology.  It  has  profoundly  modified  many  of  our 
conceptions,  not  only  of  the  processes  of  disease,  but  of  the  range  of  action 
of  certain  morbid  influences. 

The  occurrence  of  multiple  neuritis  was  first  demonstrated  by  Dumenil,  of 
Rouen  (1864),  although  the  leprous  form  had  been  previously  described'by 
Virchow.  Graves,  indeed,  long  ago  suspected  that  many  cases  of  paralysis 
were  due  to  disease  of  the  nerves,  but  he  based  his  opinion  on  the  normal 
aspect  of  the  spinal  cord  ;  and  in  most  of  the  cases  he  describes  it  is  prob- 
able that  modern  methods  of  examination  would  have  revealed  central 
disease.  Dumenil's  observations  attracted  little  notice,  and  it  was  not  until 
fresh  facts  were  brought  forward  by  Joffroy  (1879),  Leyden  (1880),  and 
Grainger  Stewart  (1881),  that  attention  was  generally  directed  to  the  subject. 
During  the  last  five  years  a  large  number  of  observations  have  been  pub- 
lished, especially  by  Eichorst,  Eisenlohr,  Pitres,  and  Schulz.* 

Multiple  neuritis  presents  the  same  varieties  that  have  been  described  in 
the  general  account  of  inflammation  of  the  nerves.  The  morbid  change 
may  be  interstitial,  or  parenchymatous  and  degenerative,  or  both.  The 
pathological  forms  that  occur  cannot  yet  be  adequately  defined,  but  five 
chief  classes  may  be  distinguished.  (1)  Diphtheritic  neuritis ;  acute  paren- 
chymatous degeneration  of  the  nerves  occurs  after  diphtheria.  The  changes 
are  not,  however,  confined  to  the  nerves,  and  the  condition  is  considered  in 
a  later  part  of  this  volume.  (2)  Tabetic  neuritis;  in  locomotor  ataxy 
degenerative  changes  are  common  in  the  peripheral  nerves ;  they  are  usually 
very  chronic,  and  it  is  perhaps  doubtful  whether  it  is  correct  to  regard  them 
as  inflammatory,  although  they  are  identical  in  character  with  forms  which, 
when  acute,  are  commonly  so  regarded.  Except  in  their  relation  to  some 
other  forms  of  neuritis,  the  tabetic  changes  will  not  be  considered  in  this 
section.  (3)  Leprous  neuritis ;  the  slow  interstitial  overgrowth  of  connect- 
ive tissue  which  occurs  in  anaesthetic  leprosy.  (4)  Endemic  neuritis,  such 
as  occurs  in  the  curious  and  terrible  endemic  disease  of  Japan  called  kak-ke. 
This  form  appears  to  be  due  to  endemic  influences,  and  it  is  probable  that 
some  other  cases  of  neuritis  may  be  due  to  a  similar  cause.  (5)  We  must 
at  present  place  together  the  other  forms  of  multiple  neuritis  common  inthis 
country.  They  differ  somewhat  in  pathological  characters,  in  the  acuteness 
of  their  course,  in  the  symptoms  they  produce,  and  the  causes  to  which  they 
are  due.  Nevertheless,  no  constant  varieties  have  yet  been  ascertained. 
This  group  will  probably  ultimately  be  subdivided  ;  at  present  we  can  only 
distinguish  the  tendencies  of  its  varieties  and  the  difference  of  its  causes. 
In  the  following  account  the  statements  made  apply  to  this  group  generally ; 


*  A  useful  summary  of  our  knowledge,  with  many  original  cases,  will  be  found  in  Dr. 
Buzzard's  Harveian  Lectures,  published  in  the  Lancet  for  November  and  December,  1885. 
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endemic  and  leprous  neuritis  will  be  separately  described  at  the  end  of  the 
section. 

Etiology. — Primary  multiple  neuritis  affects  both  sexes,  but,  in  this 
country  at  least,  females  are  more  liable  to  suffer  than  males.  The  disease 
is  one  of  adult  life,  and  is  scarcely  ever  met  with  until  the  age  of  twenty- 
five  is  passed.  It  is  most  common  between  thirty  and  fifty,  but  has  been 
met  with  as  late  as  sixty.  Its  most  frequent  cause,  beyond  all  question,  is 
chronic  alcoholism.  This  lesion  is  the  common  cause  of  alcoholic  paraly- 
sis. For  some  reason,  at  present  unknown,  females  suffer  from  this  cause 
far  more  frequently  than  males.  I  have  notes,  for  instance,  of  eight  cases 
of  characteristic  alcoholic  neuritis  in  females,  and  not  of  one  in  a  male. 
The  fact  is  remarkable  considering  that  male  drinkers  are  certainly  more 
numerous  than  female  drinkers.  Apart  from  alcoholism,  the  disease  is 
probably  more  common  in  males,  but  the  influence  of  this  cause  is  so  great 
as  to  determine  a  preponderance  of  females  when  all  cases  are  taken  together. 
In  cases  in  which  this  cause  is  not  operative  others  can  sometimes  be  traced  ; 
exposure  to  cold,  extreme  and  long-continued  fatigue,  exhaustion  after  other 
maladies,  acute  and  chronic.  In  a  few  instances  the  symptoms  have  followed 
acute  or  subacute  articular  rheumatism,  but  the  disease  has  sometimes  been 
ascribed  to  rheumatism  on  insufficient  grounds,  since  rheumatoid  pains, 
referred  in  part  to  the  joints,  are  often  an  early  symptom  of  neuritis. 
Nevertheless,  true  rheumatism  has  been  an  apparent  cause  in  some  cases, 
and,  as  we  have  already  seen,  single  nerves  may  be  affected  from  the  same 
influence.  Many  sufferers  from  multiple  neuritis  have  died  from  phthisis, 
but  the  nature  of  the  association  of  the  two  diseases  is  obscure. 

It  is  probable  that  some  blood  states  allied  to  septicaemia  may  cause  multi- 
ple neuritis.  Thus,  a  man,  thirteen  days  after  a  stab  wound  in  the  abdomen, 
which  healed  well,  had  an  attack  of  parotitis  with  facial  palsy  j  on  the  for- 
tieth day  there  developed  paralysis  of  the  tongue,  vocal  cords,  and  limbs, 
and  on  the  sixth  day  after  the  onset  of  these  symptoms  he  died,  from  respira- 
tory palsy.  Extensive  peripheral  neuritis  was  the  only  nerve  lesion.*  In 
some  instances  more  than  one  cause  is  operative  ;  exhaustion  and  exposure 
to  cold  may  concur  with  alcoholism. 

Pathological  Anatomy.— The  changes  in  the  nerves  are  those  already 
described  in  the  account  of  neuritis.  They  vary,  however,  very  much  in 
different  cases.  In  some,  the  inflammation  chiefly  affects  the  sheath  and 
interstitial  tissue ;  in  other  cases  both  the  connective  tissue  and  nerve  fibres 
are  involved;  as  in  Fig.  39,  p.  74.  This  was  the  condition  in  the  case  of 
presumably  septicemic  neuritis  mentioned  above.  In  others  again,  the 
fibres  are  affected  chiefly  or  exclusively ;  they  present  the  degeneration  which 
when  acute  is  regarded  as  indicative  of  parenchymatous  inflammation.  We 
cannot,  at  present,  connect  these  pathological  varieties  with  any  differences 
in  causation.  The  more  acute  the  case,  the  more  probable  is  it  that  the 
connective  tissue  as  well  as  the  nerve  fibres  will  be  involved. 


*  Roth,  Correspondzbl  /.  Schweizer  Aerzte,  1883,  No.  13. 
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Naked-eye  changes  are  present  only  when  the  connective  tissue  and  sheath 
are  inflamed  in  considerable  degree.  In  recent  and  acute  cases  of  this 
character,  the  nerves  may  be  found  reddened,  swollen,  and  sometimes  small 
hemorrhages  are  visible.  In  older  cases  they  may  or  may  not  be  swollen 
but  are  usually  softened,  and  even  pulpy.  When  the  changes  are  confined 
to  the  nerve  fibres,  diminished  consistence  may  be  the  only  alteration  that 
can  be  recognized  with  the  unaided  eye.  In  the  former  cases,  the  micro- 
scope shows  the  sheath  to  be  infiltrated  with  lymphoid  cells  (probably  leu- 
cocytes), and  in  old  cases  many  spindle  cells  and  fibres  increase  its  bulk. 
The  same  changes  may  be  traced  in  the  septa  between  the  fasciculi,  and  in 
the  secondary  sheaths  that  surround  the  latter.  The  walls  of  the  vessels 
are  also  thickened  (Fig.  52,  a).  In  recent  cases,  the  small  vessels  may  be 
surrounded  by  leucocytes.  The  fibres  themselves  are  always  damaged  in 
some  degree,  and  as  in  the  case  from  which  Figs.  51  and  52  are  drawn,  they 

Fig.  si. 


Multiple  alcoholic  neuritis :  sections  stained  with  carmine  and  cleared,  a.  Transverse  section  of  part 
of  sciatic  nerve ;  low  power,  a.  Part  of  a  fasciculus  of  same  more  highly  magnified,  c.  Part  of  a 
less  affected  fasciculus  from  a  musculo-spiral  nerve. 

may  suffer  chiefly,  the  connective  tissue  presenting  comparatively  little 
change.  In  this  case,  the  patient  was  a  woman,  aged  33,  alcoholic ;  the 
course  of  the  disease  was  subacute ;  the  symptoms  reached  a  considerable 
degree  in  a  few  weeks,  and  the  patient  died,  chiefly  from  coincident  liver 
disease,  five  months  after  the  onset.  The-  symptoms  were  characteristic,  and 
continued  up  to  the  time  of  death.  The  condition  found  after  death  is  a 
good  illustration  of  the  parenchymatous  or  degenerative  form,  but  in  all 
forms  of  neuritis  the  process  in  the  nerve  fibres  is  the  same,  whether  the 
connective  tissue  is  or  is  not  much  affected.  The  fibres  undergo  acute 
degeneration,  essentially  the  same  as  that  which  occurs  after  an  injury  to  a 
nerve.  It  has  been  represented  in  Figs.  28  (p.  61)  and  29  (p.  63),  and, 
associated  with  inflammation  of  the  sheath,  in  Fig.  39.  Examination  in  the 
recent  state  reveals  abundant  products  of  the  degeneration  of  the  fibres, 
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granule  corpuscles,  etc.  After  hardening,  a  transverse  section,  stained  with 
carmine,  and  cleared  in  the  usual  way,  presents  the  appearance  shown  in 
Fig.  51,  a.  There  is  a  slight  increase  in  the  connective  tissue  between  the 
fasciculi ;  the  area  of  these  is  occupied  by  tracts  of  connective  tissue,  which 
under  a  higher  magnifying  power  (b)  have  a  branching  form,  enclosing  spaces 
which  have  been  occupied  by  nerve  fibres,  and  in  some  of  which  healthy 
fibres  still  remain  (c).  The  space  between  this  tissue  is  occupied  by  the 
products  of  degeneration  of  the  fibres,  but  these  are  rendered  invisible  by 
the  clearing  process,  and  only  faint  indications  of  their  outline  can  be  seen 
(b).  In  sections  stained  with  osmic  acid  and  mounted  in  glycerine  (Fig. 
52)  these  products  of  degeneration,  stained  dark,  are  conspicuous.  Under 
a  low  magnifying  power  (a),  a  fasciculus  is  seen  to  be  studded  with  black 
granular  spots,  elongated  where  the  fibres  are  divided  obliquely ;  the  increase 
in  the  tissue  between  these  degenerated  fibres  is  distinct ;  aggregations,  of 
myelin  are  seen  in  the  connective  tissue  between  the  fasciculi.  Under  higher 
powers  (b),  the  dark  spots  are  seen  to  be  the  sections  of  degenerated  nerve 


Fig 


Sections  from  the  same  sciatic  nerve,  stained  with  osmic  acid  and  mounted  in  glycerine,  a.  Fasci- 
culus under  low  power,  b.  Part  of  a  fasciculus  more  highly  magnified.  «..  Longitudinal  section 
of  nerve  fibres.    {From  sections  prepared  by  Dr.  Beevor.) 

fibres,  in  some  places  two  or  more  being  blended  into  a  larger  mass.  In  a 
longitudinal  section  (c),  the  process  of  degeneration  of  the  fibres  is  more 
distinctly  seen,  and  from  it  the  appearance  of  the  transverse  section  can  be 
better  understood.  The  white  substance  is  broken  up  and  enlarges  the  fibre 
at  some  places,  while  at  others  it  has  been  removed,  and  the  sheath  is  left 
empty.  Round  masses  of  myelin  lie  (on  the  left)  outside  the  fibres.  The 
nuclei  of  the  fibres  are  enlarged ;  one,  of  considerable  size,  is  seen  in  the 
centre  of  the  figure.  Connective-tissue  fibres  and  cells  lie  between  the  nerve 
elements,  and  near  the  sheath  are  round  and  spindle  cells  containing  myelin 
granules  and  globules  which  they  have  taken  up  (b). 

The  distribution  of  the  changes  in  the  nerves  varies  much  in  different 
cases.  The  signs  of  inflammation  of  the  sheath  may  exist  only  on  the 
larger  and  medium-sized  nerves  of  the  limbs,  and  in  the  smaller  nerves  the 
changes  may  be  confined  to  the  nerve  fibres.  These  may  be  traced  down 
into  the  intra-muscular  nerves  and  their  endings.  In  some  of  these  cases, 
the  latter  may  be  secondarily  degenerated.     On  the  larger  nerves,  the  signs 
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of  inflammation  of  the  sheath  are  most  intense  at  certain  spots,  especially 
(as  ,n  simple ^neuritis)  where  a  nerve  turns  round  a  bone  or  passes  through 
a  fascia,  or  divides.  When  the  trunks  are  traced  upward,  the  evidence  of 
inflammation  of  the  sheath,  as  well  as  the  change  in  the  fibres,  becomes 
slighter,  and  in  all  forms  the  anterior  roots  are  usually  normal 

In  cases  in  which  the  affection  is  chiefly  degenerative,  the  changes  are 
always  intense  in  the  peripheral  parts  of  the  nerves,  and  usually  lessen  when 
the  larger  trunks  are  reached,  becoming  progressively  slighter,  and  the  pro- 
portion of  normal  fibres  larger,  until  the  morbid  appearance  ceases  The 
centripetal  extent  of  the  disease,  the  degree  in  which  the  larger  trunks  are 
affected,  varies  according  to  the  duration  and  severity  of  the  case.  In  the 
case  from  which  the  illustrations  are  taken,  even  the  sciatic  nerve  presented 
few  healthy  fibres.     But,  as  usual,  the  anterior  roots  were  healthy. 

The  nerves  of  the  limbs  alone  suffer  in  the  majority  of  cases.  The  corre- 
sponding nerves  on  the  two  sides  are  usually  affected.  The  musculo -spiral 
nerve  in  the  arm  and  the  anterior  tibial  nerve  in  the  leg  usually  suffer  first 
and  in  greatest  degree,  but  often  all  the  nerves  of  the  limbs  are  involved. 
The  nerves  of  the  trunk  are  affected  only  in  severe  cases.  Very  rarely  the 
phrenic,  pneumogastric,  facial  and  hypoglossal  have  been  inflamed.  The 
other  cranial  nerves  escape. 

The  muscles  present  changes  of  the  same  character  as  those  which  result 
from  simple  degeneration  (see  p.  64).  They  are  paler  than  normal  and 
smaller  in  bulk.  The  fibres  are  reduced  in  size,  and  pale ;  the  transverse 
striation  may  be  preserved,  or  they  may  be  granular  ;  normal  fibres  may  be 
found  side  by  side  with  those  that  are  degenerated.  The  nuclei  of  their 
sheaths  may  be  increased  in  number,  and  granular,  and  pigment  masses  may 
accumulate  between  the  fibres. 

The  spinal  cord  has  been  found  healthy  in  most  cases.  The  ganglion 
cells,  in  some  instances,  have  presented  abnormal  appearances,  a  vitreous 
appearance  or  vacuolation,  and  this  when  the  anterior  nerve  roots  were  not 
diseased.  Now  and  then  more  considerable  changes,  usually  those  of 
chronic  myelitis,  have  been  found  in  the  cord.  They  are  probably  merely 
coincident. 

Morbid  appearances  in  other  organs  are  common  in  the  cases  of  alcoholic 
origin.  The  brain  may  present  signs  of  chronic  meningitis.  The  liver  is 
frequently,  and  the  kidneys  are  occasionally,  found  diseased. 

Symptoms. — The  symptoms  of  multiple  neuritis  resemble  in  their  char- 
acters those  produced  by  inflammation  of  single  nerves,  differing,  however, 
in  their  wide  range  and  special  distribution.  The  manifestations  of  the 
disease  are,  in  most  cases,  very  characteristic,  in  spite  of  the  fact  that  the 
extent  of  the  symptoms  obscures  that  relation  to  individual  nerve  areas 
which  constitutes  so  important  a  feature  of  the  inflammation  of  single 
nerves.  The  early  and  dominant  symptoms  are  those  of  motor  palsy  and 
sensory  irritation.  The  distribution  of  the  palsy  is  especially  determined 
by  the  tendency  of  the  musculo-spiral  and  anterior  tibial  nerves  to  suffer 
most.     In  consequence  of  this  there  is  a  symmetrical  paralysis  of  the  exten- 
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sors  of  the  hand  and  flexors  of  the  foot,  with  resulting  wrist-drop  and  foot- 
drop  (Fig.  53).  The  sensory  irritation  causes  pain  and  tenderness,  usually- 
localized  in  the  nerve  trunks.  -The  progress  of  the  disease  is  attended  by 
more  profound  indications  of  nerve  damage,  wasting  of  muscles  and  impair- 
ment of  sensation  in  the  distribution  of  the  most  affected  nerve  trunks. 

The  onset  of  the  symptoms  may  be  acute  or  subacute,  but  is  rarely  so 
slow  as  to  deserve  the  name  of  chronic.  An  acute  onset  may  be  attended 
by  considerable  constitutional  disturbance,  rigors,  fever,  etc.,  and  this  may 
last  for  from  one  to  three  or  four  weeks.  The  initial  pyrexia  may  amount 
to  103°  or  1040.  The  first  definite  symptom  is  usually  a  sensation  of  ting- 
ling, or  "pins  and  needles,"  in  the  extremities,  chiefly  in  the  fingers  and 
toes.  It  may  or  may  not  be  preceded  by  vague  rheumatoid  pains,  but  to  it 
pain  is  soon  added.  This  is  commonly  at  first  dull  in  character,  but  speed- 
ily increases  to  a  considerable  degree,  and  becomes  more  acute — sharp, 
darting  or  burning  in  character.  It  may  be  felt  along  the  course  of  the 
nerve  trunks  or  in  the  area  of  their  distribution,  and  is  sometimes  especially 


Multiple  alcoholic  neuritis;  palsy  of  extensors  of  wrist  and  flexors  of  ankle.     (From  a  photograph 
by  Mr.  Hyde  Marriott,  B.  Sc.) 

severe  in  the  fingers  and  toes.  It  is  often  increased  by  movement.  Occa- 
sionally, in  very  chronic  cases,  the  amount  of  pain  is  trifling.  With  the 
pain  there  develops  considerable  tenderness  of  the  limbs,  increased  sensitive- 
ness of  the  skin  and  deeper  structures.  The  nerve  trunks  usually  become 
extremely  tender,  and  sometimes  the  more  accessible  nerves,  such  as  the 
ulnar,  may  be  felt  to  be  distinctly  swollen.  The  muscles  become  very  sen- 
sitive to  pressure,  whether  they  are  the  seat  of  spontaneous  pain  or  not. 
This  tenderness  of  the  muscles  is  even  more  constant  than  that  of  the  nerve 
trunks.  Muscular  weakness  is  soon  added  to  the  symptoms  of  sensory  irri- 
tation, although  for  a  time  it  may  be  masked  by  the  interference  with  move- 
ment caused  by  the  pain.  The  loss  of  power  usually  begins  in  the  arms 
as  deficient  power  of  extension  of  the  wrist  and  fingers.  Both  arms  are 
affected  together  or  in  quick  succession.  The  palsy  resembles  that  which 
results  from  lead  poisoning,  but  the  supinator  longus  is  usually  involved. 
With,  or  soon  after,  extension  of  the  hand,  the  power  of  flexion  of  the 
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ankle  and  extension  of  the  toes  becomes  impaired.  Sometimes  the  legs 
suffer  before  the  arms,  and  occasionally  the  symptoms  are  confined  to  the 
lower  limbs.  The  flexors  of  the  hand  and  extensors  of  the  foot  suffer  less 
than  their  opponents,  but  in  cases  of  greater  severity  they  also  become 
weak.  In  these  cases,  also,  the  muscles  moving  the  elbow  and  knee,  and 
even  those  of  the  shoulder  and  hip,  become  feeble,  but  lose  all  power  only 
in  very  severe  cases,  and  in  these  the  trunk  muscles  may  be  involved.  The 
diaphragm  may  be  paralyzed ;  constant  frequency  of  pulse  and  paralysis  of 
the  vocal  cords  may  indicate  a  neuritis  of  the  vagus  (Roth,  Vierordt) ;  and 
the  tongue  and  face  may  become  affected  (Strube).  The  affected  muscles 
soon  become  flabby  and  waste.  The  nerves  lose  their  electrical  excitability, 
and  the  muscles  present,  in  most  cases,  the  reaction  of  degeneration.  The 
increase  of  voltaic  irritability  may  be  slight  in  the  cases  of  chronic  course, 
and  even  in  acute  cases  the  early  increase  gives  place  to  depression  much 
sooner  than  in  cases  of  focal'  neuritis  or  of  infantile  paralysis.  It  is  often 
very  difficult  to  make  a  satisfactory  electrical  examination,  on  account  of 
the  extreme  sensitiveness  of  the  limbs.  Besides  motor  weakness,  there  is 
sometimes  distinct  incoordination  of  movement,  which  may  closely  resemble 
that  of  locomotor  ataxy. 

The  hyperesthesia  of  the  skin  and  deeper  structures  usually  continues  for 
a  long  time,  often  through  the  entire  course  of  the  disease.  It  is  extensive 
in  most  cases,  but  has  been  known  to  be  limited  to  the  extremities,  and  even 
to  the  palms  and  soles.  As  the  nerve  fibres  suffer  in  greater  degree,  the 
sensibility  of  the  skin  is  usually  impaired,  that  to  touch  first  and  chiefly. 
Increased  sensitiveness  to  pain  often  coexists  with  anaesthesia.  The  loss  of 
sensation  is  always  greatest  on  the  extremities,  but  may  extend  up  the  limbs, 
first  along  the  outer  side  of  the  leg,  and  the  radial  side  of  the  forearm.  It 
is  rare  for  sensibility  to  pain  to  be. lost,  but  its  conduction  has  been  delayed 
in  some  cases. 

Reflex  action  in  the  affected  limbs  is  always  lost.  The  myotatic  irrita- 
bility disappears  early.  The  knee  jerk  may  be  lost  even  before  the  weakness 
of  the  extensors  of  the  knee  has  reached  an  appreciable  degree.  Trophic 
changes  in  the  skin,  nails,  and  hairs  are  common,  similar  to  those  met  with 
in  ordinary  neuritis.  CEdema  of  the  limbs  is  frequent ;  probably,  in  alco- 
holic cases,  the  blood  state  conduces  to  its  occurrence.  In  one  case  the 
oedema  existed  only  over  the  nerve  trunks,  in  the  neighborhood  of  joints 
(Leyden).  Effusion  into  joints  has  been  observed,  but  there  is  some  doubt 
whether  this  was  the  consequence  of  the  neuritis,  or  was  rheumatic  and 
primary.  Slower  changes  in  the  nutrition  of  the  joints  are  common,  and 
may  lead  to  adhesions.  The  sphincters  are  affected  only  when  there  is  also 
disease  of  the  spinal  cord. 

In  rare  cases  the  motor  weakness  is  very  slight,  the  sensory  symptoms 
exist  chiefly  in  the  periphery,  there  is  little  tenderness  of  nerve  trunks,  and 
the  incoordination,  already  described  as  occasionally  present,  is  a  conspicu- 
ous symptom.     Such  cases  present  a  close  resemblance  to  the  symptoms  of 
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locomotor  ataxy,  and  the  condition  has  been  termed  "alcoholic  pseudo- 
tabes,"* or  "  alcoholic  ataxia,  "f 

The  course  of  the  affection  varies  according  to  its  acuteness  and  severity. 
In  cases  of  moderate  degree,  the  symptoms  increase  during  four  or  six 
weeks,  then  become  stationary,  and,  after  one  or  two  months,  slowly 
improve.  The  pains  lessen,  but  the  hyperesthesia  may  continue  for  some 
time  after  the  pains  have  ceased.  Power  slowly  returns,  first  in  the  muscles 
affected  last  and  least,  and  afterward  in  those  paralyzed  and  wasted  in  greater 
degree.  In  these  the  weakness  lasts  for  many  months,  and  their  opponents 
are  apt  to  become  shortened.  The  contracture  of  the  calf  muscles,  second- 
ary to  palsy  of  the  flexors  of  the  ankle,  constitutes  a  grave  hindrance  to  the 
use  of  the  legs.  The  palsy  of  the  arms  usually  lasts  longer  than  that  of  the 
legs.  Often,  for  instance,  at  the  end  of  six  or  eight  months,  the  legs  have 
recovered  and  the  extensors  of  the  wrist  and  fingers  are  still  feeble.  Some 
times  power  returns  first  in  the  arms.  Improvement  goes  on  for  a  long 
time,  but  occasionally  there  is  some  permanent  loss  of  power.  It  is  remark- 
able, however,  how  much  improvement  may  take  place,  even  after  the 
paralysis  has  been  considerable  for  a  year.  Relapses  are  apt  to  occur,  but 
only  when  the  cause  of  the  neuritis  is  still  in  operation. 

On  the  other  hand,  the  disease  may  continue  to  increase  for  several 
months,  or  may  develop  with  such  acuteness  and  intensity  that  at  the  end 
of  ten  days  or  a  fortnight  there  is  complete  paralysis  of  the  limbs  ;  the 
intercostals  share  the  weakness  of  the  muscles  of  the  trunk,  and,  if  the  dia- 
phragm also  becomes  paralyzed,  death  may  occur  from  the  failure  of  breath- 
ing power.  Such  cases  have  been  known  to  result  in  death  at  the  end  of 
six  and  ten  days.  In  other,  slightly  less  intense,  cases  the  patient  has  lost 
all  power  of  movement,  and  has  died  at  the  end  of  a  few  weeks  or  months, 
worn  out  by  continued  pain  and  bedsores,  or  suffocated  by  a  trifling  bron- 
chitis in  consequence  of  the  partial  palsy  of  the  respiratory  muscles.  In 
many  cases,  however,  the  immediate  cause  of  death  has  been  associated 
disease,  either  phthisis,  or  some  other  consequence  of  alcoholism,  especially 
disease  of  the  liver.  I  have  twice  known  rapid  and  unexpected  cardiac 
failure  to  cause  death  in  alcoholic  cases.  It  may  have  been  paralytic  in 
nature,  but  as  each  patient  had  recovered  from  the  graver  symptoms,  it  is 
more  likely  to  be  due  to  degeneration  of  the  muscular  tissue  of  the  heart. 

Of  complications,  the  most  important,  beyond  those  that  have  just  been 
named,  is  mental  derangement.  This  is  confined  to  the  alcoholic  cases.  It 
may  be  acute  or  subacute,  and  consists  in  failure  of  mental  power,  often 
accompanied  by  delusions.  It  is  ultimately  recovered  from,  if  the  patient's 
habits  can  be  reformed.  When  there  is  no  pronounced  mental  derange- 
ment, there  is  often  in  women  a  marked  incapacity  for  endurance,  a  ten- 
dency to  exaggerate  suffering,  and  an  intolerance  of  remedial  measures, 
which  increases  very  much  the  difficulty  of  dealing  with  these  cases. 

*  Krucke,  Deut.  med.  Zeitung,  18S4,  No.  72.  f  Dreschfeld,  Brain,  July,  1884,  p.  201. 
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Pathology.— The  changes  found  in  the  nerves  afford  a  complete  explana- 
tion of  all  the  symptoms  of  the  disease.  The  ataxy  observed  in  some  cases 
may  be  due  to  damage  to  the  sensory  muscle  nerves.  The  relative  affection 
of  the  nerve  sheath  and  nerve  fibres  cannot  at  present  be  explained.  The 
relation  to  alcohol  suggests  that  the  neuritis  is  the  result  of  a  direct  toxic  in- 
fluence on  the  nerve  elements  themselves.  It  has  been  indeed  assumed  that 
the  influence  is  exerted  on  special  trophic  centres  in  the  spinal  cord  which 
govern  the  nutrition  of  the  nerve  fibres  (Erb),  but  the  existence  of  such 
centres  is  not  only  not  proved,  but  is  improbable.  The  inconstancy  of  the 
slight  changes  in  the  ganglion  cells  of  the  spinal  cord,  and  the  normal  state 
of  the  anterior  roots,  preclude  the  assumption  that  the  intense  degeneration 
of  the  nerve  fibres  can  be  the  result  of  those  alterations,  and  make  it  prob- 
able that  these  central  changes,  when  present,  are  an  associated  effect  of  the 
same  cause.  The  severe  general  symptoms  that  occasionally  attend  the 
onset  has  suggested  the  idea  that  the  malady  is  often  of  the  nature  of  an 
acute  specific  disease.  The  gradation  that  exists  between  these  and  more 
chronic  forms  is  an  objection  to  this  theory;  nevertheless,  the  hypothesis 
must  not  be  thrown  altogether  aside, -since  multiple  neuritis  in  the  Japanese 
kak-ke  and  in  leprosy  seems  to  form  part  of  a  specific  endemic  malady,  and 
some  other  blood  states  may  produce  it.  On  other  grounds  the  occurrence 
of  multiple  degeneration  in  the  peripheral  nerves  from  the  influence  of  alco- 
hol is  a  fact  of  great  interest  in  connection  with  the  pathology  of  locomotor 
ataxy.  We  have  seen  that  the  symptoms  may  closely  resemble  those  of 
tabes.  In  this  disease  the  morbid  influence  acts  on  the  sensory  nerves 
only.  It  seems  probable  that  some  influence  may  act  chiefly  on  the  motor 
or  on  the  sensory  nerves,  the  incidence  being  perhaps  determined  in  part  by 
predispositions,  at  present  obscure. 

Diagnosis. — The  diagnosis  of  multiple  neuritis  depends  on  the  combi- 
nation of  motor  and  sensory  symptoms  above  described,  on  their  localiza- 
tion in  the  distal  parts  of  the  limbs,  and  on  the  tenderness  of  the  nerve 
trunks  and  of  the  muscles.  The  early  pains  are  often  mistaken  for  those  of 
rheumatism,  but  their  seat  is  not  that  of  rheumatic  pain,  and  their  association 
with  tingling  in  the  extremities  should  excite  a  suspicion  that  they  are  of 
nerve  origin,  even  before  muscular  weakness  renders  their  nature  clear.  The 
symptoms  resemble  most  closely  those  of  certain  diseases  of  the  spinal  cord, 
acute  and  subacute  inflammation  of  the  gray  matter,  polio-myelitis.  Until 
recently,  indeed,  all  cases  of  multiple  neuritis  were  looked  upon  as  spinal. 
In  each  disease  there  are  a  febrile  onset,  muscular  wasting  with  the  reaction 
of  degeneration,  initial  rheumatic  pains,  and  a  tendency  to  the  spontaneous 
recovery  of  the  least  affected  parts.  The  distinction  rests  on  the  symmetrical 
localization  of  the  neuritic  palsy,  while  that  of  polio-myelitis  is  characteris- 
tically random  in  distribution  ;  on  the  persistence  and  severity  of  the  neuri- 
tic pains ;  on  the  tenderness  of  the  inflamed  nerve  trunks ;  and  on  the  anaes- 
thesia in  the  area  of  their  distribution,  a  symptom  never  present  in  polio- 
myelitis. Pachymeningitis,  damaging  the  nerve  roots,  may  cause  both 
palsy,  wasting,  and  anesthesia,  but  in  this  all  four  limbs  are  not  affected, 
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and  the  legs  rarely  suffer ;  the  anaesthesia  extends  on  to  the  upper  part  of 
the  limbs  and  trunk ;  there  is  no  tenderness  of  nerve  trunks,  and  there  is 
usually  distinct  evidence  of  damage  to  the  spinal  cord  itself.  A  mysterious 
disease,  termed  "acute  ascending  paralysis,"  may  resemble  the  most  rapid 
form  of  multiple  neuritis,  but,  in  it,  the  symptoms  ascend  the  trunk  to  the 
arms,  and  do  not  begin  in  the  hands  and  feet  at  the  same  time,  as  does  the 
usual  form  of  multiple  neuritis.  Moreover,  there  is  no  anaesthesia  in  the 
spinal  malady.  Diphtheritic  paralysis,  when  severe  in  degree,  may  also  be 
attended  by  muscular  wasting  and  anaesthesia,  but  there  is  no  considerable 
pain,  and  weakness  in  the  limbs  succeeds  that  in  the  palate  and  ciliary  mus- 
cle. The  distinction  of  the  pseudo-tabetic  form  from  true  tabes  is  very 
difficult  unless  muscular  weakness  is  distinct.  There  is  no  affection  of  the 
internal  ocular  muscles,  no  loss  of  reflex  action  in  the  iris,  no  affection  of 
the  sphincters,  and  no  optic  nerve  atrophy,  but  these  symptoms  may  be 
absent  in  true  tabes.  A  history  of  alcoholism,  with  these  indications,  affords 
grounds  for  a  presumptive  diagnosis,  but  it  must  also  be  remembered  that 
true  tabes  may  occur  in  an  alcoholic  subject. 

Prognosis. — In  the  early  stage  of  an  acute  case  there  is  danger  to  life  in 
proportion  as  the  upper  parts  of  the  limbs  and  trunk  are  paralyzed,  and  the 
respiratory  muscles  are  thus  threatened  or  involved.  When  the  disease  has 
become  stationary,  the  danger  to  life  is  not  great,  except  in  the  severe  cases 
in  which  the  pains  are  intense,  the  patient  helpless,  and  an  affection  of  the 
sphincters  or  a  girdle  pain  makes  it  probable  that  the  mischief  has  extended 
to  the  spinal  cord.  The  prognosis  depends,  however,  as  much  on  the 
complications  as  on  the  disease  of  the  nerves.  Organic  disease  of  the  liver, 
kidneys,  or  lungs,  always  renders  the  prognosis  grave.  The  extent  to  which 
the  habits  of  the  patient  can  be  controlled  is  an  important  element.  If  the 
danger  to  life  has  passed,  recovery  in  the  parts  least  affected  may  be  expected 
to  occur  in  from  three  to  six  months ;  in  those  in  which  the  muscular  wasting 
is  greatest,  not  for  nine  or  twelve  months,  and  some  permanent  weakness 
may  be  left.  It  is  remarkable,  however,  how  great  and  how  prolonged  a 
loss  of  power  may  ultimately  be  recovered  from. 

Treatment.— At  the  onset  of  an  acute  case,  the  treatment  should  be  that 
suitable  for  a  local  inflammation  or  a  morbid  blood  state.  Absolute  rest  is 
of  great  importance.  The  excitation  of  the  nerves  involved  in  movement 
is  likely  to  intensify  the  morbid  process  in  them.  Light  nutritious  food 
should  be  given,  and  the  bowels  gently  opened.  If  alcohol  has  been  taken 
in  excess,  it  must  be  reduced  to  a  small  quantity,  or,  better  still,  if  practi- 
cable, it  should  be  given  up  altogether.  This  point  in  the  treatment  of 
alcoholic  cases  is  of  extreme  importance,  and  often  of  extreme  difficulty. 
In  the  case  of  every  female  drinker,  deception  should  be  considered  not  only 
possible,  but  probable.  Servants  are  corrupted,  and  alcohol  is  often  taken 
in  secret,  and  absolutely  denied.  When  a  case  does  not  present  the  improve- 
ment that  might  reasonably  be  expected,  this  influence  will  generally  be 
found  to  be  at  work.  Hence  it  is  of  great  importance  that  these  patients 
should  be  under  the  immediate  care  of  trained  nurses,  and  not  of  their  own 
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servants  or  relatives.  The  special  treatment  of  the  disease  is  the  same  as 
that  for  inflammation  of  single  nerves  already  described.  Warm  poultices 
or  fomentations  should  be  applied  to  the  limbs,  and  a  daily  warm  bath,  for 
twenty  minutes  or  half  an  hour,  is  often  of  great  service.  The  general  rules 
already  mentioned  govern  the  use  of  counter-irritation  and  electricity.  A 
very  gentle  voltaic  current  may  be  applied  to  those  muscles  which  present 
indications  of  nerve  degeneration,  but  not  until  the  most  acute  stage  of  the 
disease  is  over.  Rubbing  is  very  useful,  and  may  be  employed  almost  from 
the  first ;  in  the  early  period  it  should  be  very  gentle ;  afterward  attempts 
should  be  made,  by  passive  movement,  to  lessen  the  tendency  to  contractures. 
The  extreme  sensitiveness  of  the  skin  and  muscles,  and  the  intolerance  of 
the  patients,  often  render  local  treatment  very  difficult.  Attention  to  posture 
will  do  much  to  prevent  the  occurrence  of  contractures,  but  it  is  often 
impossible  to  induce  the  patient  to  lie  in  any  other  position  than  that  which 
favors  the  occurrence  of  shortening  of  the  muscles.  These  contractures 
hinder  progress  during  convalescence.  Tenotomy  is,  however,  seldom  needed. 
It  is  remarkable  how  much  muscular  shortening  will  gradually  give  way. 

During  an  acute  febrile  onset,  the  treatment  by  drugs  should  be  that 
of  the  constitutional  state :  citrate  of  potash,  nitric  ether,  and  compound 
tincture  of  bark  are  the  most  suitable,  and  salicylate  of  soda  is  said  to  do 
good  in  the  cases  which  follow  exposure  to  cold.  Afterward  iron  is  useful, 
with  quinine  and  small  doses  of  strychnine  or  nux  vomica.  Mercury  is  not 
so  efficient  as  it  is  in  cases  of  simple  inflammation  of  a  nerve  sheath,  and 
iodide  of  potassium  has  not  seemed  to  me  to  have  any  special  influence  on 
the  disease.  In  chronic  cases,  or  in  the  chronic  stage  of  acute  cases,  arsenic 
may  be  given  with  seeming  advantage.  Cod-liver  oil  is  beneficial  in  patients 
whose  general  nutrition  is  impaired.  The  pains  may  need  opium  or  morphia, 
by  the  mouth  or  injection,  but  these  should  be  given  as  sparingly  as  possible 
in  alcoholic  cases.  Cocain  sometimes  relieves  local  pain,  and  hypodermic 
injections  of  a  2  per  cent,  solution  of  carbolic  acid  have  been  found,  by 
Caspari,  to  give  relief.  Any  complications  that  may  be  present,  in  the  nerve 
centres  or  other  organs,  must  receive  appropriate  treatment. 

Endemic  Neuritis. — Multiple  neuritis  appears,  from  recent  researches, 
to  play  the  chief  part  in  the  production  of  the  nervous  symptoms  in  the 
terrible  malady  known  as  Kak-ki  in  Japan,  and  as  Beri-beri  in  other  parts 
of  the  East  Indies.  The  inflammation  of  the  nerves  involves  both  the 
connective-tissue  elements  and  the  nerve  fibres.  Rapid  degeneration  of  the 
muscles  occurs.  The  spinal  cord  also  presents  changes,  but  these  are  very 
variable  in  degree,  and  are  thought  by  most  observers  to  be  either  secondary 
to  those  in  the  nerves  or  merely  coincident.  The  disease  varies  much  in. 
severity,  and  in  the  most  acute  cases,  almost  every  tissue  in  the  body  suffers. 
The  chief  nervous  symptoms  are  paralysis,  muscular  wasting,  pains,  and 
"numbness"  or  "burning"  in  the  skin;  all  these  symptoms  being  chiefly 
seated  in  the  legs.  In  the  acute  cases,  the  nervous  symptoms  are  subordinate 
to  those  of  the  general  blood  state.     Some  form  of  malarial  poison  is- 
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probably  the  agent  in  the  production  of  the  disease.  It  occurs  far  more 
frequently  in  men  than  in  women,  in  young  adults  than  in  children  or  the 
old,  and  in  summer  than  in  winter.  It  is  said  to  be  especially  prevalent 
when  the  first  heat  of  summer  falls  on  a  soil  saturated  with  moisture. 

Two  cases  of  paraplegia  have  come  under  my  notice  which  were  possibly 
due  to  malarial  neuritis.  In  each  case  the  disease  developed  in  a  fever 
district,  one  in  India,  the  other  on  the  East  Coast  of  Africa.  The  paralysis 
in  each  case  involved  chiefly  the  muscles  in  front  of  the  leg,  flexors  of  foot 
and  extensors  of  toes ;  these  presented  well-marked  reaction,  of  degeneration ; 
there  were  pains,  but  there  was  no  anaesthesia.  In  each  case  there  was  steady 
improvement  under  treatment  (tonics,  electricity,  etc.),  although  secondary 
contracture  in  the  calf  muscles  hindered,  for.  a  time,  the  recovery  of  walking 
power.  The  facts  that  the  paralysis  was  confined  to  the  legs,  and  that  there 
was  no  anaesthesia,  seem  opposed  to  the  opinion  that  the  lesion  was  neuritis, 
but  these  characters  obtain  also  in  beri-beri,  and  it  is  possible  that  the  neuritis 
which  results  from  malarial  influences  may  affect  chiefly  the  motor-nerve 
fibres. 

Leprous  Neuritis. — Far  removed  as  leprosy  may  seem  to  be  from  the 
malady  last  described,  both  by  its  general  character  and  extremely  chronic 
course,  it  is  certainly  also  an  endemic  disease,  and  high  authorities  have 
sought  its  cause  in  malarial  and  miasmatic  influences.  The  pathology  of 
leprosy  has  been  carried  a  step  further  than  that  of  most  endemic  diseases, 
since  the  researches  of  Carter,  Hansen,  and  Neisser  have  proved  the  constant 
presence  of  a  specific  bacillus  in  all  the  new  formations  met  with  in  the 
disease. 

The  nervous  symptoms  of  leprosy  depend  almost  exclusively  on  inflamma- 
tion of  the  nerves.  They  are  muscular  wasting  and  anaesthesia,  greatest  in 
degree  toward  the  extremities  of  the  limbs.  There  may  be  unpleasant  tin- 
gling sensations,  but  pains  are  trifling,  perhaps  because  the  process  is  ex- 
tremely chronic.  Fig.  54  shows  the  distribution  of  anaesthesia  in  the  hands 
in  a  well-marked  example  of  this  disease  which  came  under  my  observation 
some  years  ago.  The  patient  was  a  Creole  of  Mauritius,  who  had  come  to 
England  in  early  childhood,  and  presented  the  first  distinct  symptoms  at 
twelve  years  of  age — changes  in  the  pigmentation  of  the  skin,  anaesthesia, 
and  muscular  wasting.  They  steadily  increased  during  the  next  four  years, 
the  anaesthesia  extending  each  half  year  from  one  finger  to  another.  There 
was  also  scattered  anaesthesia  of  the  legs  below  the  knee.  As  the  figure 
shows,  the  loss  of  sensation  does  not  correspond  in  area  to  nerve  distribu~ 
tion.  This  depends  on  the  fact  that  all  the  nerves,  even  those  of  the  fingers, 
are  diseased,  but  in  none  are  all  the  nerve  fibres  commonly  destroyed.  The 
muscular  wasting  was  considerable,  although  only  in  the  small  muscles  of  the 
hands  was  it  comparable  to  that  of  progressive  muscular  atrophy.  The 
electrical  excitability  of  the  muscles  was  greatly  lowered  to  each  current. 

The  neuritis  of  leprosy  is  typically  interstitial  (Fig.  55).  The  primary 
sheath  and  the  secondary  sheaths  of  the  fasciculi  are  greatly  increased  in 
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thickness,  and  consist  of  nucleated  fibrous  tissue  arranged  concentrically  (a, 
b).  From  the  sheath,  tracts  extend  into  the  interior  of  each  fasciculus  (b), 
isolating  the  groups  of  nerve  fibres.  The  increase  of  tissue  even  extends 
between  the  fibres  themselves  (c),  and  these  undergo  slow  wasting ;  many 
of  the  fibres  in  the  figure  are  seen  to  be  distinctly  narrower  than  normal. 
The  concentric  growth  and  fibrous  tissue  may  even  invade  the  whole  area  of 
the  fasciculus,  all  the  nerve  fibres  perishing  before  it  (d).     The  character- 
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Distribution  of  anaesthesia  in  a  case  of  lep- 
rosy.   The  biack  areas  indicate  the  loss. 
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Sections  of  nerves  from  a  case  of  anaesthetic  leprosy, 
under  the  care  of  Dr.  Buzzard.  A,  median  nerve  at 
wrist  X  5;  b,  portion  of  same  more  highly  magnified; 
c,  part  of  a  less  diseased  fasciculus  from  the  ulnar 
nerve ;  d,  a  small  fasciculus  from  median  in  which  the 
concentric  fibres  have  invaded  the  whole  area  ol  the 
fasciculus. 


istic  bacillus  of  leprosy  is  found  abundantly,  in  recent  cases,  in  the  new 
tissue  of  the  nerves.  Peculiar  cells  are  met  with,  infiltrated  with  the  organ- 
isms. As  the  fibrous  tissue  develops  and  contracts,  the  bacilli  seem  to  perish, 
and  ultimately  can  no  longer  be  discovered.  The  fact  that  the  connective 
tissue  of  the  nerves  should  be  thus  clearly  one  of  the  structures  for  which  an 
organized  virus  has  a  special  affinity,  is  of  extreme  interest  in  connection 
with  the  action  of  the  varied  causes  of  multiple  neuritis. 


PART  III. 
DISEASES   OF  THE  SPINAL  CORD. 


Fig.  56. 
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INTRODUCTION. 
ANATOMY  OF  THE  SPINAL  CORD. 

The  spinal  cord,  it  will  be  remembered,  is 
much  shorter  than  the  spinal  canal,  reaching 
only  to  the  second  lumbar  vertebra.  Hence  the 
nerve  roots  descend  to  their  foramina  of  exit. 
The  lower  they  arise,  the  longer  is  their  intra- 
spinal course.  All  those  below  the  second  lum- 
bar pair  leave  the  canal  below  the  lowest  por- 
tion of  the  cord.  It  is  convenient  to  speak  of 
the  portion  of  the  spinal  cord  from  which  each 
pair  of  nerves  arises  as  the  corresponding  "  seg- 
ment "  of  the  cord.  The  segments  are  longest 
in  the  dorsal  region,  and.  shortest  in  the  lumbar 
enlargement. 

The  only  part  of  the  spinal  column  that  we 
can  feel  are  the  vertebral  spines.  These  are 
not  all  on  a  level  with  the  bodies  of  their  ver- 
tebrae. It  is  important,  therefore,  to  know  the 
relation  of  the  spines  to  the  bodies  of  the 
several  vertebrae,  and  of  these  to  the  origin  of 
the  nerves.  These  relations  are  shown  in  the 
accompanying  figure  (Fig.  56)  with  sufficient 
clearness  to  render  a  detailed  description  un- 
necessary.* 

Of  the  membranes,  the  pia  mater  closely  in- 
fests the  surface,  and  is  continuous  with  the 
tracts  of  connective  tissue  that  pass  within  the 
substance  of  the  spinal  cord.  It  is  also  pro- 
longed along  the  nerve  roots  as  their  sheaths. 
The  arachnoid  forms  a  much  less  close  invest- 
ment. The  dura  mater  is  not  applied  to  the 
bones,  as  it  is  within  the  cranium,  but  a  layer 
of  fat  and  a  plexus  of  large  veins   intervene 

*  The  details  of  the  chief  relations  are  enumerated  in 
my  "  Diagnosis  of  Diseases  of  the  Spinal  Cord,"  3d  ed., 
p.  6. 

122 


ANATOMY. 


123 


between  the  two.     An  extension  of  the  dura  mater  passes  along  each  nerve 
root,  and  blends  with  its  sheath. 

Structure  of  the  Spinal  Cord. — The  general  form  of  the  cord,  the  enlargements  it 
presents,  and  its  constitution  of  white  and  gray  substance,  are  too  well  known  to  need 
description  here.  The  white  substance  surrounds  the  gray,  except  at  the  two  points  at  which 
the  posterior  horns  come  to  the  surface  (Fig.  57).  It  consists  of  medullated  nerve  fibres, 
running  longitudinally.  The  posterior  cornua  isolate  the  posterior  columns  from  the  rest  of 
the  white  substance.  These  posterior  columns  are  divided  by  a  median  septum  of  connective 
tissue,  and  a  little  distance  from  this  another  incomplete  septum  (posterior  intermediate  sep. 
turn),  and  corresponding  to  a  depression  on  the  surface,  marks  off  a  portion  next  the  median 
septum,  the  "  postero-median  column,"  or  "  column  of  Goll,"  from  the  part  next  the  pos- 
terior horn,  "  postero-external  column,"  "  column  of  Burdach,"  or  "posterior  root  zone."  The 
latter  name  is  given  because  the  fibres  of  the  posterior  root  pass  through  it.  The  rest  of  the 
white  substance  is  divided,  in  the  middle  line  in  front,  by  the  anterior  median  fissure,  down 
which  the  pia  mater  and  blood  vessels  pass,  and  at  the  bottom  of  which  is  the  anterior  or 


Fig.  57. 
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Diagram  of  a  section  of  the  spinal  cord  in  the  cervical  region.  A.  c,  anterior  commissure;  p.  c, 
posterior  commissure;  1.  g.  s.,  intermediate  gray  substance;  p.  cor.,  posterior  cornu ;  c.  c.  p., 
caput  cornu  posteriori^  ;  l.  l.  l.,  lateral  limiting  layer  ;  a.-l.  a.  t.,  antero-lateral  ascending  tract, 
which  extends  along  the  periphery  of  the  cord. 

white  commissure.  Between  the  anterior  median  fissure  and  the  posterior  cornu,  the  white 
substance  is  continuous  and  undivided,  extending  round  the  front  and  side  of  the  cord. 
It  is  artificially  divided  into  an  anterior  and  lateral  column,  the  line  of  division  being  the 
outermost  of  the  anterior  nerve  roots,  which  pass  through  the  front  of  the  cord,  but  there  is  no 
corresponding  distinction  of  structure  or  function.  The  white  substance  varies  in  amount  in 
different  parts  of  the  cord,  and,  as  a  whole,  lessens  gradually  from  above  downward  (see 
Fig.  58).     To  this  progressive  diminution  in  size  certain  parts  constitute  exceptions. 

The  white  substance  is  everywhere  composed  of  medullated  nerve  fibres,  which  vary 
considerably  in  size.  In  carmine-stained  sections  the  axis  cylinder  is  seen  within  each 
fibre,  not  always  in  the  centre,  and  around  this  are  concentric  cloudy  lines  due  to  the 
irregular  refraction  of  the  white  substance.  Between  the  fibres  is  a  peculiar  substance, 
the  "  neuroglia  "  or  nerve  cement,  the  exact  nature  of  which  has  been  the  subject  of  much 
investigation  and  discussion.  It  appears  to  consist  of  an  albuminous  matrix ;  embedded  in 
this  are  fine  fibres,  which  resist  acetic  acid,  and  these  form  a  network.  At  their  inter- 
sections are  peculiar  cells  consisting  of  a  nucleus  and  small  cell  body  ("  glia  cells,"  "  cells 
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of  Deiters").     These  were  formerly  regarded  as  stellate,  and  are  still  believed  to  be  so  by 
many  authorities,  the  fibres  being  looked  upon  as  their  processes,  but,  according  to  Ranvier, 


Fig.  58 


Fig.  60. 


Fig.  59. — A  nerve  cell  from  the  anterior  cornu  of  the  spinal 
core!  of  man ;  a,  unbranched  process  becoming  the  axis 
cylinder  of  a  nerve  fibre;  b,  pigment  mass.  {After 
Gerlacfl. ) 

Fig.  60. — Nerve  cells  of  the  anterior  cornu  sending  a  pro- 
cess into  the  anterior  root.    {After  Henle.) 

they  are  flattened  cells,  without  processes.     The 

nerve  fibres,  thus  connected,  lie  in  the  meshes  of 

a  coarser  network,  formed  by  branching  processes 

of  finely  fibrous  connective  tissue,  proceeding  from 

the  pia  mater  on  the  outside,  and  from  the  gray 

matter   on   the   inside. 

In    these   septa   blood  Fig.  61. 

vessels  run,  and  some 

are  occupied  by  nerve 

fibres  that  have  a  hori- 
zontal course  from  one 

element  of  the  cord  to 

another.     These   tracts 

of     connective     tissue 

unite  the  pia  mater  so 

closely  to  the  cord  that 

the  membrane   cannot 

be  readily  detached,  but 

in  the  intervals  between 

the  septa,  the  pia  mater 

and  cord  are  separated 

and  connected  by  a  very 

narrow  layer,  similar  in 

structure  to  that  which 

caps  the   head   of  the 

posterior  horn,  the  so- 
called  "  gelatinous  gray 

substance."     This  also 

continues  the  posterior 

horn  to  the  surface  of  the  cord  (Fig.  57).     In  the 

dorsal  region,  where   the  head  of  the  posterior 
Diagram  showing  the  relative  size  and  shape  of  llom  proper  is  some   distance  from  the  surface, 
the  cord  and  gray  matter  at  different  levels.        lhis  tract  of  gelatinous  substance  is  of  COnsidera- 
bje^length.     It  fills  up  a  narrow  fissure,  which  extends  inward  from  the  surface. 

The  gray  substance  varies  in  shape  and  size  in  different  parts  of  the  cord,  being  largest  in 


A  fine  nerve  fibre  dividing 
into  two  parts,  each  ot 
which  joins  the  plexus  of  fi- 
brillae  formed  by  the  branch- 
ing processes  of  a  nerve 
cell.  From  the  spinal,  cord 
of  an  ox.    {After  Gerlack.) 
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the  cervical  and  lumbar  swellings,  and  corresponding  to  the  number  and  size  of  the  nerve 
roots  given  off.  The  variations  in  shape  and  size  are  indicated  in  the  accompanying  figure 
(58),  and  will  be  readily  understood  by  an  examination  of  this.  Its  division  into  anterior 
and  posterior  horns  or  cornua  is  familiar.  The  part  on  each  side  that  intervenes  between 
the  two  horns  may  be  conveniently  termed  the  "  intermediate  gray  substance."  It  is  cus- 
tomary to  divide  the  gray  matter  into  two  varieties,  "  spongy ','  and  "  gelatinous."  The  latter 
forms  a  cap  on  the  posterior  horns,  and  is  named  on  account  of  its  naked-eye  aspect.  The 
spongy  substance,  which  forms  the  rest  of  the  two  cornua,  consists  mainly  of  an  excessively 
fine  felty  network  of  nerve  fibrillar,  with  some  cementing  neuroglia  and  small  cellular  bodies, 
which  vary  in  size  and  shape.  Many  are  angular  with  processes,  and  are  probably  of  ner- 
vous function.  Through  it  course  many  larger  nerve  fibres,  medullated  and  non-raedul- 
lated,  and  in  it  lie  many  nerve  cells  of  various  sizes.  Those  in  the  anterior  cornu  are,  for  the 
most  part,  large  "  ganglion  cells,"  nucleated,  with  many  processes.  One  process  has  the 
aspect  of  the  axis  cylinder  of  a  nerve  fibre  (Fig.  59),  and  can  be  sometimes  traced  into  a 
fibre  of  an  anterior  root  (Fig.  60).  The  other  fibres  divide  and  subdivide,  their  ramifications 
being  lost  in  the  sponge-like  matrix  of  the  gray  substance.  Nerve  fibres  divide  and  join 
this  ramification  (Fig.  61).  These  cells  lie  in  groups,  between  and  through  which  course 
tracts  of  fibres,  chiefly  from  the  anterior  roots.  Other  fibres  come  from  the  anterior  commis- 
sure, white  columns,  and  posterior  horn.  The  ganglion  cells  are  certainly  motor  in  nature, 
and  give  origin  to  at  least  most,  and  perhaps  all,  of  the  motor  fibres  of  the  spinal  nerves. 
Birge,  in  a  careful  investigation,  found  that  in  each  segment  of  the  spinal  cord  of  the  frog 
the  number  of  nerve  cells  in  the  anterior  cornu  corresponds  to  the  number  of  fibres  of  the 
anterior  roots  arising  from  that  segment. 

The  arrangement  of  the  nerve  cells  of  the  anterior  cornu  is  of  some  practical  importance, 
on  account  of  the  frequency  with  which  this  part  is  the  seat  of  limited  lesions.  They  form, 
as  already  stated,  certain  groups,  but  these  groups  vary  in  different  regions  of  the  cord,  partly 
under  the  influence  of  the  shape  of  the  horn,  partly  irrespective  of  this,  and  they  even  vary 
in  parts  of  the  cord  that  are  near  together.  They  are  influenced  by  the  course  of  the  tracts 
of  fibres  of  the  anterior  roots,  which  may  pass  through  a  group  and  break  it  up  into  smaller 
groups,  although  in  a  neighboring  section  it  is  undivided  (see  Fig.  62,  the  cervical  groups). 
Hence  very  different  descriptions  have  been  given  of  these  groups,  and  the  process  of  distinc- 
tion has  sometimes  been  carried  too  far.  The  groups  that  can  most  readily  be  recognized 
are  the  following :  In  the  inner  anterior  angle  of  the  cornu  is  a  small  group,  the  inner  or 
medial  group.  This  is  one  of  the  smallest,  and  is  absent  in  some  parts  of  the  cord,  especially 
in  the  lumbar  region.  A  much  larger  group  lies  near  the  anterior  edge  of  the  horn,  in  the 
middle,  or  a  little  to  the  outer  side  of  the  middle,  the  anterior  group.  External  to  this,  in 
the  outer  extremity  of  the  front  part  of  the  horn,  is  anothor  group,  the  antero-lateral group. 
These  two  groups  are  often  blended,  so  that  the  anterior  group  cannot  be  separately  dis- 
tinguished, as  in  the  right  hand  mid-cervical  figure.  A  third  group,  usually  the  largest,  lies 
in  the  outermost  part  of  the  horn,  behind  its  front,  usually  in  the  posterior  outer  angle ;  it 
may  extend  inward,  halfway  across  the  horn.  It  is  called  the  external  or  posterolateral 
group  (p.-l.,  Fig.  62).  These  three  are  the  most  important  groups.  There  is  in  some  parts 
also  a  middle  group,  occupying  nearly  the  centre  of  the  horn.  In  the  small  cornu  of  the 
dorsal  region  often  no  well-defined  .groups  can  be  made  out,  but  when  any  can  be  recognized, 
they  are  generally  the'anterior  and  external. 

Similar  cells,  usually  smaller  in  size,  and  isolated,  are  scattered  through  the  intermediate 
gray  matter,  and  a  group  of  cells  of  some  size  occupies  a  projection  which  enters  outward 
into  the  lateral  column  in  the  lower  cervical  and  upper  dorsal  regions.  It  was  termed  by 
Lockhart  Clarke  the  "  intermedio-lateral  tract;'1  but  (on  account  of  other  associations  with 
the  words  "  lateral  tract ")  the  projection  is  better  designated  the  "  intermediate  process"  and 
the  cells  the  "intermediate  group"  (I.-L.  P.,  Fig.  62).  Isolated  ganglion  cells,  medium 
and  small  in  size,  lie  in  the  posterior  horn.  These  are  often  fusiform,  with  many  processes, 
and  are  supposed  to  be  connected  with  some  of  the  fibres  of  the  posterior  roots.  They 
extend  back  into  the  caput  cornu  posterioris. 
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In  the  lower  dorsal  and  upper  lumbar  cord,  from  the  ninth  dorsal  to  the  third  lumbar  nerves, 
a  group  of  nerve  cells  lies  in  the  inner  part  of  the  neck  of  the  posterior  horn,  the  "posterior 
vesicular  tract"  of  Lockhart  Clarke*  (p.  v.  c,  Fig.  62  ;  see  also  Fig.  71).  Most  of  these 
cells  are  fusiform  in  shape,  but  are  placed  vertically,  so  that  they  appear  round  or  oval  in 
transverse  section.  Some,  however,  present  processes  that  run  forward  or  backward.  Nerve 
fibres  pass  into  and  by  it,  whjch  we  shall  consider  subsequently.  Although  this  tract  is 
chiefly  developed  in  the  lower  dorsal  and  upper  lumbar  cord,  a  few  nerve  cells  of  similar 
character  are  met  with  in  the  same  position  in  other  parts,  and  are  occasionally  sufficiently 
numerous  to  form  a  small  group. 

The  "  gelatinous  "  gray  matter  which  forms  *.  cap  on  the  posterior  horn,  caput  cornu 
posterioris  (c.  u.  p.,  Fig.  57)  differs  considerably  in  structure  from  the  rest.  It  resembles 
closely  the  granule  layers  of  the  retina  in  microscopical  aspect,  and  apparently  in  chemical 


Fig.  62. 


Upper  Dorta)  .,.,  __  Mid-Lumbar. 

^.agrams  of  the  groups  of  nerve  cells  in  the  anterior  cornu.  Groups:  1.,  inner  or  medial-  a  anterior- 
a  -1..,  anterolateral ;  p.-l  postero-lateral ;  1.  L.  p.,  intermediate  latere  process  ;  p.  v.  c  posterior vesTc! 
ular  column  or  tract.  The  two  mid-cervical  sections  are  only  a  few  millfrnetres  apa.t  and  show  how  ,he 
the  cro?drgrOUP'  SeParatC  m  'he  °ne'  may  bS  b'ended  With  *<=  ^""-lateral  group  'P->  a'ne"ghborTng  pL  of 

nature.  It  has  been  described  as  made  up  of  granules,  but,  according  to  later  researches, 
consists  of  a  peculiar,  translucent  material  forming  an  excessively  fine  network,  which 
behaves  to  reagents  like  horny  material.  Numerous  nerve  fibres  pass  through  it,  from  the 
postenor  roots,  and  these,  coursing  forward,  seem  to  divide  it  into  columns,  as  it  is  viewed 
in  transverse  section.  Although  it  is  developed  from  the  same  embryological  elements  as 
the  true  nerve  structures,  it  has  not,  according  to  this  view,  .  nervous  function,  but  is  to 
be  regarded  rather  as  a  supporting  structure,  especially  developed  in  connection  with  the 
sensory  nerve  roots.  Its  extent  and  position  are,  it  must  be  admitted,  difficult  to  reconcile 
with .tin  view -of  its  nature.  A  few  small  ganglion  cells  lie  in  this  gelatinous  substance, 
chiefly  on  the  inner  side.  Bundles  of  vertical  fibres  are  also  seen  in  transverse  section,  and 
these  are  often  numerous  just  above,  the  caput,  especially  on  the  inner  side  of  the  horn. 


*  It  is  often  termed  "  Clarke's  column.' 


ANATOMY.  127 

Most  of  these  are  fibres  of  the  posterior  nerve  roots  that  have  a  vertical  course  for  a  short 
distance.  In  Fig.  71  the  axis  cylinders  of  these  fibres  are  seen  to  be  changing  from  the 
horizontal  to  the  vertical  direction,  and  their  relation  to  the  posterior  root  fibres  can  be  dis- 
tinctly traced.  These  fibres  are  sometimes  so  abundant  that  some  of  them  probably  belong 
in  part  to  the  postero-external  columns  (posterior  ground  fibres).  The  gelatinous  substance 
^contains  many  vessels,  running  for  the  most  part  vertically. 


Fig.  63. 


Diagram  of  the  elements  of  the  white  substance  at  various  levels  of  the  spinal 
cord.  {Modified  from  Ftechsig.)  The  pyramidal  tracts  are  shaded  by  short 
horizontal  lines  ;  the  direct  cerebellar  tract  by  dots ;  the  posterior  median  column 
by  dots  as  it  degenerates  in  disease  of  the  lowest  part  of  the  cord  or  of  the 
nerves  of  the  Cauda  equina ;  the  small  circles  in  the  forepart  of  this  column 
indicate  the  area  which  degenerates  in  disease  of  the  cervical  enlargement.  The 
antero.-lateral  ascending  tract  is  shown  by  crosses.  It  is  not  represented  in  the 
first  cervical  section  because  there  are  no  facts,  at  present,  to  show  its  exact 

fiosition  here;  it  probably  lies  chiefly  in  front  of,  and  between,  the  direct  cerebel- 
ar  and  pyramidal  tracts,  as  c.  3.    The  anterior  ground  fibres,  lateral  limiting 
y  layer,  and  postero-external  column  are  left  white.     Fig.  57  should  be  compared 

with  this. 

White  Substance. — We  may  now  examine,  in  greater  detail,  the  constitution  of  the  white 
columns  of  the  cord,  and  the  probable  course  and  function  of  the  fibres  they  contain.  The 
analysis  has  been  greatly  aided  by  two  facts.  The  first  (discovered  byTurck)  is  that  in 
certain  tracts  in  the  white  substance  the  nerve  fibres  undergo  secondary  degeneration  when 
separated  from  their  cells  of  origin,  o.  degeneration  analogous  to  that  which,  as  we  have 
already  seen,  occurs  in  the  nerve  fibres  outside  the  cord.     The   process  is  analogous  in 
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general  character,  but  we  do  not  know  that  it  is  similar  in  histological  nature.  As  we  have 
seen,  the  degeneration  in  the  peripheral  nerve  fibres  seems  to  vary  in  its  character  in  different 
cases.  Secondly,  in  the  developing  cord,  the  fibres  of  different  tracts  acquire  their  white 
substance  at  different  periods,  and  the  study  of  these  differences  (by  Flechsig  especially)  has 
not  only  confirmed,  but  also  extended,  the  indications  afforded  by  disease.  The  knowledge 
we  possess  is  still  incomplete.  Some  facts. ascertained  have  not  yet  found  a  practical  appli- 
cation, but  many  others  are  of  the  utmost  importance  on  account  of  the  light  they  throw  on 
the  processes  of  disease. 

It  will  facilitate  the  study  of  the  subject  if  we  consider  first  those  tracts  which  undergo 
secondary  degeneration,  as  our  knowledge  regarding  these  is  the  most  complete.  These 
degenerations  are  both  .ascending  and  descending.  Only  one  set  of  fibres  degenerates  down- 
ward, through  a  considerable  extent, — those  that  continue  through  the  cord  the  anterior 
pyramids  of  the  medulla.  They  commence  still  higher,  in  the  motor  region  of  the  cortex  of 
the  cerebral  hemisphere,  and  are  the  conductors  of  voluntary  impulses.  From  their  rela- 
tion to  the  anterior  pyramids  they  are  termed  thf  pyramidal  tracts.  They  are  shaded  by 
short  horizontal  lines  in  Fig.  63;   compare  also  Fig.  57. 

At  the  decussation  of  the  pyramids  about  three-quarters  of  the  fibres  usually  cross  to  the 
other  side.  These  pass  down  the  cord  in  the  lateral  column,  and  constitute  the  lateral  (or 
crossed)  pyramidal  tract.  Those  which  do  not  decussate,  pass  down  their  side  of  the  cord, 
in  the  inner  part  of  the  anterior  column,  at  the  side  of  the  anterior  median  fissure,  and  con- 
stitute the  anterior  (or  direct)  pyramidal  tract.  Flechsig  has  found  that  the  decussation  ij 
subject  to  many  variations.  In  the  majority  of  cases,  the  decussating  fibres  are  between  70 
and  80  per  cent,  of  the  whole.  Sometimes  they  constitute  a  still  larger  proportion,  and  in 
one  case  (of  60  examined)  all  the  fibres  crossed.  Sometimes  fewer  fibres  decussate,  only 
one-half  or  even  less  than  one-half;  in  one  case  35  per  cent.,  in  another  only  10.  No  case 
has  yet  been  met  with  in  which  no  fibres  crossed. 

The  lateral  pyramidal  tract  occupies  the  posterior  half  of  the  lateral  column,  outside  the 
posterior  cornu.  It  extends  down  to  the  end  of  the  cord,  even  when  it  is  originally  small, 
and  in  consequence  most  pyramidal  fibres  do  not  decussate.  Hence  the  fibres  that  most  con- 
stantly decussate  at  the  medulla  are  those  for  the  leg.  Through  the  greater  part  of  the 
cervical  and  dorsal  regions,  this  tract  is  separated  from  the  surface  by  a  narrow  layer  of 
fibres,  the  "  direct  cerebellar  tract."  In  the  upper  part  of  the  cervical  region  (third  cervical 
segment),  this  Iract  lies  farther  forward,  so  that  the  pyramidal  tract  comes  up  to  the  surface 
close  to  the  posterior  cornu  (Fig.  63,  c.  3),  and  here,  if  the  tract  is  small,  there  may  be  a 
depression  on  the  surface.  In  the  lower  part  of  the  dorsal  cord  there  is  a  similar  movement 
forward  of  the  cerebellar  tract,  so  that  the  pyramidal  tract  again  comes  in  contact  with  the 
surface  posteriorly  (Fig,  63,  D.  12),  and  as  the  cerebellar  tract  ceases  at  the  last  dorsal  nerve, 
the  pyramidal  tract  extends  up  to  the  surface  throughout  the  lumbar  enlargement  (Fig.  63, 
L.  4).  The  inner  side  of  the  tract  is  in  contact  with  the  hinder  part  of  the  posterior  cornu, 
near  the  surface,  throughout  the  entire  length  of  the  cord,  but  further  forward  it  is  separated 
from  the  base  of  the  cornu  and  intermediate  gray  substance  by  a  layer  of  nerve  fibres,  termed 
by  Flechsig  the  lateral  limiting  layer  (l.  l.  l.,  Fig.  57).  Among  the  fibres  of  the  pyra- 
midal tract,  in  the  dorsal  and  cervical  regions,  are  scattered  a  few  other  fibres  that  belong 
chiefly  to  the  cerebellar  tract.  The  lateral  pyramidal  tract  diminishes  in  size  from  above 
downward.  Its  fibres  curve  inward  along  the  septa  that  extend  from  the  gray  matter  into 
the  lateral  column,  and  they  enter  the  gray  matter  between  the  anterior  and  posterior  cornua. 
They  pass  inward  and  forward  in  the  anterior  cornu,  and  are  then  lost  in  the  complicated 
structure  of  the  gray  matter.     Their  probable  termination  will  be  considered  presently. 

The  anterior  or  direct  pyramidal  tract  (called  also  the  "  column  of  Tiirck  ")  descends 
the  cord  in  the  inner  part  of  the  anterior  column,  adjacent  to  the  anterior  median  fissure. 
Its  exact  form  and  size  vary ;  usually  it  bounds  the  fissure  on  each  side  ;  sometimes  it  forms 
only  a  small  tract  at  the  posterior  part  of  the  fissure;  when  large,  it  not  only  reaches  forward 
to  the  front  of  the  cord,  but  causes  a  prominence  on  the  surface  bounded  by  a  distinct  sulcus. 
Its  extent  down  the  cord,  always  less  than  that  of  the  lateral  tract,  varies  according  to  its 
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size.  It  steadily  lessens  in  area,  and,  if  originally  small,  may  not  ex- 
tend beyond  the  middle  of  the  cervical  enlargement ;  if  originally 
large,  it  may  be  traced  as  far  as  the  lumbar  enlargement  (Fig;.  64) ; 
when  bearing  the  usual  proportion  to  the  lateral  column,  it  ceases 
about  the  middle  of  the  dorsal  region.  Hence  it  seems  that  this 
tract  contains  chiefly  fibres  for  the  arm,  a  conclusion  which  harmo- 
nizes with  the  fact  that  the  lateral  tract,  even  when  small  in  the 
cervical  region,  extends  down  to 
the    lumbar   enlargement.     But  FlG-  65> 

microscopical  examination,  even 
of  the  developing  cord,  throws 
no  light  on  the  way  in  which  the 
fibres  of  this  tract  end.  Flechsig  . 
could  find  no  indication  of  their  ' 
passage  into  the  anterior  commis- 
sure ;  at  the  same  time  his  obser- 

Fig.  64. 


Fig.  66. 


Ascending  and  descending  degenera- 
tions from  myelitis  of  the  mid-dor- 
sal region  :  the  upper  section  is  from 
the  lower  cervical,  and  shows  the 
ascending  degeneration  of  the  post.- 
median  column  spreading  out  against 
the  commissure.  The  other  figure  is 
from  the  lower  dorsal,  and  shows  de- 
generation of  the  pyramidal  tracts, 
anterior  and  lateral. 

vations  do  not  negative  such  an 
ending,  and  it  is  certain  that 
many  fibres  of  the  anterior  com- 
missure come  from  anterior  col- 
umns and  from  the  neighborhood 
of  this  tract.  The  probability 
that  the  fibres  decussate  in  the 
cord  is  strong,  because  most  of 
them  seem  destined  for  the  arm, 

Fig.  65. — Descending  degeneration  of  the  pyramidal  tracts  in  a  case  of  hemiplegia  from  disease  of  the  right 

cerebral  hemisphere.     {From  sections  prepared  by  Dr.  Mott.) 
Fig.  66. — -Diagram  of  an  element  of  the  motor  path.  u.  s.,  upper  segment;   l.  s.,  lower  segment;   C.  C, 

cortical  cell;  5.  C,  spinal  cell;  a.  c,  anterior  cornu ;  m.,  muscle;  the  dotted  line  indicates  the  junction 

of  the  two  segments  ;  s.,  path  from  sensory  nerve  roots. 
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and  the  relation  of  the  arm  is  almost  exclusively  to  the  hemisphere  of  the  opposite  side.  It 
is  therefore  probable  that  most  of  the  fibres  pass  through  the  anterior  commissure  to  the 
opposite  gray  matter. 

Disease  of  the  brain  destroying  the  motor  cortex,  or  the  fibres  which  descend  from  it  to 
the  pyramids,  causes  descending  degeneration,  limited  to  the  related  pyramidal  tracts,  anterior 
on  the  same  side,  lateral  on  the  opposite  side  (Fig.  65).  But  in  some  cases  slight  degenera- 
tion has  been  also  found  in  the  lateral  tract  on  the  same  side,  extending  into  the  lumbar 
region.  Hence  it  is  probable  that  some  fibres  of  each  anterior  pyramid  find  their  way  to  the 
lateral  tract  on  the  same  side,  and  descend  to  the  corresponding  leg.  This  degeneration  of 
the  lateral  tract  on  the  same  side  as  the  lesion,  is  very  marked  just  below  the  decussation  of 
the  pyramids,  and  therefore  cannot  be  due  to  any  lower  decussation  in  the  cord.*  We  shall 
afterward  see  that  there  is  other  evidence  that  each  hemisphere  of  the  brain  is  connected  with 
both  legs,  although  chiefly  with  that  of  the  opposite  side. 

How  do  the  fibres  of  the  pyramidal  tract  end  ?  They  seem  all  to  pass  into  the  interme- 
diate gray  matter,  and  forward  into  the  anterior  cornu,  among  the  motor  nerve  cells.  There 
they  are  lost  in  the  plexus  of  nerve  fibres.  There  is  the  strongest  indirect  evidence  that  they 
divide  and  subdivide,  and  that  their  ramifications  join  the  plexus  of  nerve  fibrillse  constituted 
by  the  dividing  processes  of  the  ganglion  cells.  The  evidence  of  this  is  twofold.  As  far  as 
is  at  present  known,  only  one  process  of  a  ganglion  cell  becomes  an  axis  cylinder ;  the  others 
divide.  The  axis-cylinder  process  passes  into  an  anterior  root.  It  can  be  seen  to  do  so  in 
the  case  of  some  ganglion  cells  (Fig.  60),  and,  as  we  have  seen,  the  number  of  ganglion  cells 
and  anterior  root  fibres  is  the  same  in  the  frog,  and  therefore,  presumably,  in  man.  If  so, 
since  the  pyramidal  fibres  are  certainly  connected  with  the  ganglion  cells,  the  connection 
can  only  be  by  the  ramifying  processes  of  the  cells,  and  this  involves  a  division  of  the  nerve 
fibre.  The  dividing  fibre  isolated  by  Gerlach,  and  shown  in  Fig.  61,  may  have  been  a  branch 
of  a  pyramidal  fibre.  The  second  point  in  evidence  of  division  is  the  fact  that  the  nerve  cells 
and  root  fibres  are  many  times  more  numerous  than  the  fibres  of  the  pyramidal  tract.  But 
all  (or  at  least  most)  of  the  motor  root  fibres  may  be  stimulated  through  the  pyramidal  fibres, 
and  therefore  the  latter  must  be  connected  with  all  (or  most)  of  the  ganglion  cells.  This 
also  involves  a  terminal  ramification. 

It  is  worth  while  to  consider  for  a  moment  the  whole  motor  path,  from  the  cortex  of  the 
brain  to  the  muscles.  We  may  consider  it  as  composed  of  two  segments,  an  upper  and  lower 
(Fig.  66).  Each  consists  of  a  ganglion  cell  above,  a  nerve  fibre,  and  the  terminal  ramifica- 
tion of  the  latter.  The  upper,  "  cerebro-spinal,"  segment  consists  of  the  cortical  ganglion 
cell,  and  the  pyramidal  fibre  which  proceeds  from  the  cell,  passes  through  the  brain  and 
cord,  and  ends  by  dividing  in  the  spongy  substance  of  the  anterior  cornu.  The  lower, "  spino- 
muscular,"  segment  consists  of  the  spinal  ganglion  cell,  and  the  fibre  proceeding  from  this, 
passing  through  the  anterior  root  and  nerve  trunk  to  the  muscle,  where  it  divides  and  ramifies 
on  the  muscular  fibre.  The  elements  of  the  two  segments  do  not  probably  correspond  in 
number.  Each  cortical-spinal  element  is  connected  with  many  spinal-muscular  segments.f 
It  will  be  found  that  this  conception  of  the  motor  path  conduces  to  clearer  ideas  of  many 
phenomena  of  disease. 

Fibres  degenerate  upward  in  both  the  lateral  and  the  posterior  columns.  We  may  consider 
the  latter  first. 

The  posterior  column,  as  we  have  seen,  is  divided  into  two  parts  by  the  imperfect 
"intermediate  septum,''  a  narrow  "  postero-median  column,"  and  a  wide  "  postero-external 
column"  (Fig.  57).     Secondary  degeneration  in  part  confirms  this  distinction,  but  shows,  at 


*  Pitres,  Arch,  de  Physiologie,  1874.  Haddon  and  Sherrington,  Brain,  Jan.,  1886.  An 
illustration  of  this  bilateral  degeneration  will  be  found  in  the  section  on  Diseases  of  the  Brain. 

f  The  terminal  ramification  of  the  lower  segment  is  a  complex  "  end  organ,"  containing 
minute  cells,  and  it  is  possible  that  the  termination  of  the  upper  segment  is  also  an  analogous 
structure,  containing  cellular  elements. 
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the  same  time,  that  the  distinction  must  not  be  made  the  ground  for  a  division  of  the  two 

If   the   posterior    columns    are 

interrupted   anywhere   in   their  FlG-  68'  v,c-  69- 

course,  ascending  degeneration 

results,  and  this,  a  short  distance 

above  the  lesion,  is  confined  to 

the    posterior    median    column 

(Figs.  64,  67,  68),  in  which  the 

degeneration  continues  upward  aa^ — >-"C  < 

to  the  medulla  oblongata,  and 
ends  there  in  the  gray  matter  of 
the  "  post.-pyramidal  nucleus." 

The  median  columns  degenerate  \         ^K    jfi    ^fc  /        M: 

in  the  same  way  when  the  lesion 
is  not  in  the  cord  but  in  the  pos- 
terior nerve  roots  of  the  Cauda 

Fig.  67. 


Fig.  67. — Ascending  degeneration  in  the  postero-median  column  and  antero-lateral  ascending  tract.    The 

cord  was  crushed  at  the  first  lumbar  segment. 
Fig.  68. — Degeneration  after  injury  to  the  Cauda  equina.    C  a,  b,  c,  upper  middle  and  lower  cervical;  D  a, 
'_   upper;  b,  c,  lower  dorsal;  La,  upper;  and  L  b,  middle  lumbar  region.    (After  Schultze.) 
:FlG.  69. — Degenerations  after  a  lesion  of  the  cord  in  the  lower  part  of  the  cervical  region.    A,  highest  cervical  ; 
'■,-  B,  middle  cervical  1%  cm.  above  lesion.    Degeneration  of  the  posterior  median  columns,  spreading  slightly 

in  a  and  widely  in  b  into  the  post.  ext.  col.    The  circumferential  degeneration  is  probably  composed  of 

the  direct  cerebellar  tract  and  the  antero-lateral  ascending  tract,    c,  upper  dorsal  2  cm.  below  lesion. 
-  Degeneration  of  the  lateral  pyramidal  tracts;  "comma-shaped"  degeneration  in  Front  of  the  post.  ext. 

col. ;  slight  degeneration  of  the  anterior  ground  fibres. 
Fig.  70. — Ascending  degeneration  after  injury  to  the  lowest  part  of  the  spinal  cord  and  sciatic  nerve  roots 

arising  from  it.    A,  cervical;  b,  lower  dorsal ;  c,  junction  of  dorsal  and  lumbar  regions;  d,  middle  of  lumbar 

enlargement.     (After  Schultze.) 
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equina  (Fig  68).     Hence,  it  is  clear  that  these  columns  contain  long  fibres  that  are  con- 

tinuous  with  some  of  the  fibres  of  the  posterior  nerve  roots  *    The  contrast  between  these 

degenerated  columns  and  the   undegenerated  post-external  columns,  through  the  greater 

part  of  the  cord  above  the  lesion  (Fig.  67),  is  very  striking,  and  justifies  the  distinction 

between  the  two.     But  just   above   the  lesion  the   degeneration  is  not  confined  to  the 

median   columns;    it  spreads  out  into  the  post.-external   columns,  especially  toward  the 

posterior  surface,  and  the  more  extensively,  the  nearer  to  the  lesion,  until  close  above  this 

the  whole  extent  of  the  posterior  columns  is  diseased,  except  a  small  area  close  to  the 

posterior  cornu,  sometimes  only  in  the  anterior  part.     This  is  true  whatever  be  the  seat  of 

The  lesion,  whether  it  be  in  the  cervical  (Fig.  69),  dorsal,  or  lumbar  (Fig.  70)  parts  of  the 

cord  and  if  it  is  in  the  Cauda  equina,  the  degeneration  spreads  out  in  the  same  way  in  the 

lumbar  enlargement  (Fig.  68).     This  seems  to  show  that  all  the  way  up  the  cord,  fibres  pass 

to  the  post.-median  column  from  the  post.-external  column,  and  that  these  are  fibres  from 

the  posterior  roots  is  highly  probable  in  the  lower  part  of  the  cord,  and  therefore  probable 

also  in  all  parts.     As  the  fibres  ascend  the  cord  in  the  median  column,  they  come  to  lie 

posteriorly  in  proportion  as  their  source  is  lower.     Those  from  the  sciatic  nerves,  for  instance, 

in  the  lower  cervical  cord,  only  occupy  the  posterior  half  of  the  columns  (Fig.  70).     Those 

from  the  whole  lumbar  enlargement,  or  whole  Cauda  equina  (Fig.  68),  reach  forward  to  the 

commissure  in  the  lower  cervical  region,  spreading  out  a  little  near  the  commissure,  where, 

however,  the  degeneration  is  much  less  dense  than  it  is  behind.     Above  the  middle  of  the 

cervical  enlargement,  the  degeneration  from  a  lesion  in  the  dorsal  or  lumbar  regions  does 

not  extend  forward  beyond  the  junction  of  the  anterior  and  middle  third  of  these  columns, 

but  if  the  lesion  is  in  the  cervical  region,  the  degeneration  extends  up  to  the  commissure, 

even  at  the  level  of  the  second  cervical  segment  (Figs.  69,  A,  64),  showing  that  the  fibres 

from  the  cervical  roots  occupy  the  anterior  portion  of  these  columns. 

The  root  fibres  that  pass  to  the  post.-median  column  through  the  hinder  part  of  the  post.- 
external  column  apparently  do  not  decussate.  This  is  not,  however,  the  only  source  of 
fibres  to  the  post.-median  column.  Fibres  pass  to  it  (1)  from  the  neck  of  the  posterior 
horn,  across  the  anterior  part  of  the  post.-external  column,  curving  backward  (Fig.  71,  x) ; 
many  of  them  extend  almost  to  the  postero-median  septum.  They  come  from  the  layer  of 
fibres  that  lies  on  the  inner  part  of  the  neck  of  the  cornu,  on  the  inner  side  of  the  post.- 
vesicular  column,  where  this  exists.  Some  of  them  may  be  distinctly  seen  to  turn  back- 
ward in  the  neck  as  if  they  came  either  from  the  posterior  roots  or  from  cells  near  the  caput 
cornu.  But  it  is  possible  that  some  of  them  may  be  fibres  from  the  post,  commissure.  (2) 
From  the  posterior  commissure  in  the  middle  line.  These  are  very  numerous  and  conspicu- 
ous in  the  lumbar  enlargement.  They  course  backward  in  the  septum  and  then  pass  out- 
ward on  each  side  into  the  adjacent  column.  Flechsig  believes  that  these  are  posterior  root 
fibres.  They  may  easily  decussate  in  the  septum,  but  such  decussation  has  not  been  proved. 
In  the  lower  lumbar  region  there  is  a  narrow  tract  of  fibres  close  to  the  posterior  median' 
septum  that  is  apparently  of  a  different  nature  from  the  rest  of  the  column.  It  is  lenticular 
on  transverse  section  and  is  indicated  by  the  clear  area  in  L.  4,  Fig.  63,  and  faintly  in  L  b, 
Fig.  68.  It  is  distinguished  by  a  difference  in  time  of  development  (Flechsig)  and  by  free- 
dom from  the  secondary  degeneration  that  involves  the  rest  of  the  column. 

It  is  very  doubtful  whether  all  the  fibres  that  enter  the  postero-median  columns  continue  in 
these  to  the  brain.  Some  certainly  do,  but  the  upward  increase  in  size  of  the  columns  seems 
to  be  far  too  small  for  the  accommodation  of  all  the  fibres  that  seem  to  pass  to  them.  At  the 
same  time  we  have,  at  present,  no  indication  of  the  mode  in  which  fibres  leave  these  columns. 

*  This  inference  has  been  recently  contested  by  Betcherew  on  the  ground  that  secondary 
degeneration  sometimes  passes  nerve  cells.  But  in  the  central  nervous  system  of  man,  as  a 
general  rule,  the  degeneration  ceases  where  cells  interrupt  the  fibres.  This  fact  is  so  constant 
in  so  many  parts  that  continuity  of  degeneration  must  be  held  as  strong  presumptive  evidence 
of  continuity  of  fibre,  until  the  interruption  has  been  demonstrated  in  the  individual  case. 


ANATOMY. 


133 


At  the  medulla  oblongata  this  column  becomes  filled  with  nerve  cells,  the  " post. -pyra- 
midal nucleus,"  so  called  because  the  highest  portion  of  this  column  has  been  termed  the 
posterior  pyramid  of  the  medulla.  The  discovery  that  the  fibres  of  this  column  are  continu- 
ous with  the  nerve  roots  invests  the  post.-pyramidal  nucleus  with  considerable  importance, 
since  its  nerve  cells  are  the  first  with  which  these  root  fibres  are  connected.  The  upward 
degeneration  of  the  post. -median  fibres  implies  upward  conduction ;  but  their  precise  func- 
tion is  still  uncertain.  It  will  be  further  considered  in  connection  with  the  localization  of 
function  in  the  cord. 


Fig.  71 


The  postero-external  column 
("column  of  Burdach,"  "posterior  ,. 
root  zone,"  Charcot)  consists  chiefly  W, 
of  vertical  fibres.  Many  of  the  pos- 
terior root  fibres  pass  through  it, 
horizontally  or  obliquely  (Fig.  57). 
Most  of  these  curve  inward  to  the 
posterior  horn,  but  the  secondary 
degeneration  just  described  seems  to 
show  that  some  must  also  pass  ob- 
liquely upward  and  inward  to  the 
median  column.  Across  the  ante- 
rior part  fibres  also  pass,  as  just  de- 
scribed, between  the  neck  of  the 
posterior  horn  and  the  median  col- 
umn. The  other  vertical  fibres  of  the 
external  column,  "  posterior  ground 
fibres"  of  Klechsig,  have  apparently 
only  a  short  course,  since  they  only 
degenerate  for  a  few  centimetres 
above  or  below  a  lesion.  The  long- 
est descending  degeneration  is  of  a  Po  ,liji"!c'Jil"'"lil!,:  •  r  •=.;i":-°' 
comma-shaped  bundle,  in  the  mid- 
dle of  the  anterior  third  of  the  col- 
umn   in     the    Hnrsal    rpcrinn     which     strip  of  the 'lateral  column,  indicate  the  tracts'of' fibres  passing 

umn  in   tne   aorsai  region,  wnicn   from  the  vicinity  and  interior  of  the  posterior  vesicular  column 

degenerates   downward   for    four  or    along  the  septa  of  the  lateral  column,  to  form  the  direct  cerebellar 

-,  tracts  of  fibres  passing  from  the  neck  of  the  horn, 

>  the 


postero-median column ;  p.  e.c, postero-external  column;  p.  M.S., 
posterior  median  septum;  p.  c,  posterior  commissure;  v,  com- 
missure vein  ;  p.  v.  c,  posterior  vesicular  column  ;  c.  c,  caput 
cornu ;  p.  p..,  posterior  root ;  a,  an  artery  ;  d,  d,  d,  adjacent  to  a 


be  post. -median  column. 


five  centimetres  (Fig.  69).     These   near  the  post,  vesic.  col.,  to  t 

vertical  fibres,  of  short  course,  may 

connect  the  gray  matter  of  the  posterior  horn  at  different  (but  adjacent)  levels.    This  column 

is  larger  in  the  enlargements  than  it  is  in  the  dorsal  region,  partly  in  consequence  of  the 

larger  number  of  root  fibres  in  the  former.     Above,  it  also  ends  in  a  gray  nucleus. 

The  function  of  this  column  is  still  unknown,  although  much  interest  attaches  to  it  as  the 
seat  of  the  special  central  lesion  in  locomotor  ataxy.  How  far  the  incoordination  of  this 
disease  depends  on  the  damage  to  the  root  fibres  that  pass  through  the  column,  or  to  fibres 
that  connect  the  gray  matter  at  different  levels,  is  still  unknown.  We  shall  return  to  the 
question  when  discussing  the  disease. 

The  "  direct  cerebellar  tract"  is  another  column  of  fibres  which  degenerate  upward.  It 
forms  a  layer  at  the  periphery  of  the  lateral  column,  outside  the  pyramidal  tract  (Fig.  57), 
but  does  not  extend  through  the  whole  length  of  the  cord,  ceasing  at  the  level  of  the  first 
lumbar  nerve  (Fig.  63).  The  anterior  part  of  the  tract  (as  seen  in  section)  does  not  extend 
forward  beyond  the  anterior  level  of  the  lateral  pyramidal  tract,  but,  as  we  shall  presently  see, 
there  are  other  fibres  in  front  of  it  that  also  degenerate  upward,  and  these  have  given  rise  to 
an  erroneous  opinion  that  the  cerebellar  tract  extends  farther  forward  than  it  actually  does. 
But  at  the  level  of  the  second  cervical  nerves,  and  also  in  the  lowest  part  of  the  dorsal 
region,  the  tract  lies  a  little  anterior  to  its  position  in  the  rest  of  the  cord,  and  hence  at  these 
places,  as  we  have  seen,  the  pyramidal  tract  comes  to  the  surface  behind  the  cerebellar  tract, 
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close  to  the  posterior  nerve  roots,  up  to  which  elsewhere  the  cerebellar  tract  extends.  The 
tract  increases  somewhat  in  size  from  below  upward,  and  hence  receives  fibres  throughout 
its  course,  but  the  chief  bulk  of  its  constituent  fibres  enter  it  at  the  level  of  the  lowest  dorsal 
and  first  lumbar  nerves,  i.  e.,  at  its  lowest  part.  These  fibres  come  from  the  gray  substance, 
coursing  to  it  through  the  lateral  column,  along  the  septa  that  cross  the  pyramidal  tract  from 
the  gray  matter.  In  the  latter  these  fibres  are  conspicuous-  objects  at  this  level  (Fig.  71), 
passing  transversely  and  obliquely  from  the  front  of  the  posterior  vesicular  tract.  Into  this 
many  of  them  can  be  traced;  others  change  their  direction  and  become  vertical,  probably 
passing  into  the  vesicular  tract  at  a  different  level.  It  is  probable  that  the  fibres  come  from 
the  tract ;  the  cerebellar  tract  is  chiefly  formed  at  that  part  of  the  cord  at  which  the  poste- 
rior vesicular  column  is  chiefly  developed,  and  the  cells  of  this  column  have  been  found 
atrophied  when  the  cerebellar  tract  is  degenerated*  Besides  the  fibres  that  are  gathered 
into  the  compact  tract,  others,  belonging  to  its  system,  ascend  among  those  of  the  adjacent 
lateral  pyramidal  tract. 

The  cerebellar  tract  only  degenerates  when  a  lesion  of  the  cord  is  at,  or  above,  its  place 
of  origin,  the  junction  of  the  dorsal  and  lumbar  regions.  If  the  lesion  is  in  the  lumbar 
enlargement,  as  in  the  case  shown  in  Kig.  67,  the  tract  does  not  degenerate.  At  the  level  of 
the  first  cervical  nerve  (where  the  pyramidal  tract  leaves  the  lateral  column  to  cross  into  the 
anterior  pyramid  of  the  medulla)  the  cerebellar  tract  lies  in  front  of  the  "  gray  substance  of 
Rolando  "  (formed  from  the  caput  cornu  posterioris),  and  passes  up,  in  the  restiform  body,  to 
the  cerebellum.  We  have  no  definite  knowledge  of  its  function.  It  certainly  conducts 
upward,  and  Flechsig  thinks  it  may  conduct  impressions  from  the  muscles  of  the  trunk. 

We  have  seen  that  the  lateral  pyramidal  tract,  although  in  contact,  behind,  with  the  head 
of  the  posterior  cornu,  does  not  extend  quite  up  to  the  neck  of  the  horn  or  to  the  interme- 
diate gray  substance,  the  two  being  separated  by  "  lateral  limiting  layer"  of  vertical  fibres, 
in  part  broken  up  by  processes  from  the  gray  matter.  In  the  upper  cervical  cord,  and  also  to 
a  less  extent  in  the  dorsal  cord,  this  layer  extends  forward  outside  the  anterior  horn.  It 
consists  of  fine  fibres  that  pass  into  the  gray  matter,  forming  curves,  some  with  the  convexity 
downward,  others  with  the  convexity  upward.  This  course,  and  the  fact  that  the  tract  does 
not  degenerate  through  any  considerable  extent,  suggests  that  its  fibres  have  but  a  short 
course,  and  connect  the  gray  matter  at  different  levels. 

The  rest  of  the  lateral  column  in  front  of  the  pyramidal  tract  is  termed  by  Flechsig  the 
anterior  mixed  lateral  zone,  because  its  fibres  vary  in  size,  course,  and  date  of  development. 
Secondary  degeneration,  however,  as  I  pointed  out  some  years  ago.f  enables  us  to  distinguish 
a  band  of  fibres  lying  immediately  in  front  of  the  pyramidal  and  cerebellar  tracts,  which 
degenerates  upward  throughout  the  cord.  The  zone  ex- 
tends across  the  lateral  column,  as  a  band  which  is  largest 
in  area  near  the  periphery  of  the  cord,  where  it  fills  up  the 
angle  between  the  pyramidal  and  cerebellar  tracts,  and  it 
reaches  the  surface  of  the  cord  in  front  of  the  latter  tract ; 
it  then  extends  forward  in  the  periphery  of  the  anterior 
column,  almost  to  the  anterior  median  fissure.  It  may  be 
conveniently  termed  the  antero-lateral  ascending  tract. 
(Figs-  57;  63.  crosses;  and  67.)  It  has  often  been  con- 
founded with  the  cerebellar  tract,  and  it  is  this  which  has 
given  rise  to  the  impression  that  the  cerebellar  tract  extends 
farther  forward  than  it  really  does.  In  the  lumbar  region, 
the  tract  lies  across  the  lateral  column  on  a  level  with  the 
posterior  commissure,  from  which  its  fibres  probably  come 
(Fig.  63,  L.  4).     In  the  upper  cervical  (/*.,  c.  3)  it  extends  also  between  the  pyramidal  and 


Fig.  72. 


Cervical  section.  Ascending  de- 
generation in  post.-med.  col. 
and  ant.-lat.  ascending  tract, 
secondary  to  a  lesion  in  the  dor- 
sal region.  (From  a  section 
prepared  by  Dr.  Mott.) 


*  e.  g.,  by  Minkowski,  Deut.  Arch.  f.  kl.  Med.,  Bd 
tion  of  the  pyramidal  tracts  was  the  only  other  lesion. 

f  "  Diagnosis  of  Diseases  of  the  Spinal  Cord,"  first  ed.,  1879. 


xxxiv,  p.  433.     Slight  degenera- 
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direct  cerebellar  tract,  and  probably  occupies  a  similar  position  at  the  level  of  the  first  cer- 
vical. This  tract  has  recently  been  found  by  Betcherew  to  undergo  development  at  a  differ- 
ent period  from  the  rest  of  the  lateral  column.  It  is  almost  certainly  a  sensory  tract,  and 
physiological  facts  seem  to  show  that  its  fibres  are  connected  with  the  posterior  roots  of  the 
opposite  side.  Fibres  probably  pass  to  it  through  the  whole  length  of  the  cord  and  these  are 
mingled  together,  so  that  the  degeneration  from  a  lesion  of  the  lower  part  of  the  cord  is  not 
dense.* 

Some  fibres  of  the  anterior  part  of  the  lateral  column  are  large  in  size,  and  curve  upward 
and  downward  into  the  anterior  horn.  They  must  be  of  short  course,  and  may  be  fibres  of 
the  anterior  nerve  roots,  which  ascend  and  descend  to  nerve  cells  on  a  different  level 
from  that  of  the  roots  by  which  they  leave  the  cord. 

The  fibres  of  the  anterior  column,  excluding  the  anterior  pyramidal  tract,  are  termed  by 
Flechsigthe  anterior  ground  fibres  (Fig.  57).  They  are  not  separable,  structurally  or  by 
development,  from  those  of  the  lateral  limiting  layer,  and  it  is  doubtful  how  far  the  dis- 
tinction of  the  two  is  warranted.  The  ground  fibres  do  not  degenerate  through  any  con- 
siderable extent  of  the  cord,  and  some  probably  connect  the  anterior  cornua  at  different 
levels.  Moreover,  some  of  the  fibres  pass  to  the  anterior  commissure,  and  thus,  by  the 
agency  of  these  columns,  a.  connection  may  be  established  between  the  two  anterior  cornua 
at  different  levels. 

As  far  as  investigations  have  hitherto  gone,  the  direction  in  which  fibres  degenerate,  in 
the  central  nervous  system,  is  the  direction  in  which  they  conduct.  We  may  therefore  feel 
reasonably  sure  that  the  fibres  that  degenerate  downward  from  the  brain,  or  upward  to  the 
brain,  conduct  as  they  degenerate,  and  through  the  same  extent.  But  we  cannot  affirm 
that  the  tracts  which  do  not  degenerate  through  any  considerable  extent,  do  not  form  part  of 
conducting  paths  to  or  from  the  brain.  All  we  can  feel  sure  of  is  that  they  do  not  con- 
stitute a  continuous  conducting  path,  such  as  the  pyramidal  tracts  and  the  tracts  that  present 
a  continuous  ascending  degeneration. 

The  commissure  of  the  spinal  cord  lies  between  the  bottom  of  the  anterior  fissure  and! 
the  posterior  columns,  and  in  it  alone  is  there  a  passage  of  fibres  from  one-half  of  the  cord, 
to  the  other.  It  consists  of  two  parts,  an  anterior  or  white,  and  a  posterior  or  gray  com- 
missure. The  white  commissure  varies  in  thickness  in  different  parts  of  the  cord,  and  is 
largest  in  the  lumbar  region.  It  is  composed  of  medullated  fibres,  which  cross  in  the  com- 
missure in  such  a  manner  that  the  anterior  fibres  on  each  side  pass  out  in  the  posterior  part 
of  the  commissure  on  the  other  side.  The  fibres  in  front  pass  into  the  anterior  white  column,, 
those  behind  into  the  gray  substance ;  hence  they  appear  to  establish  a  connection  between 
the  anterior  column  of  one  side  and  the  anterior  cornu  of  the  other.  Whether  they  go  to 
ganglion  cells  or  to  the  anterior  nerve  roots  is  not  known.  It  is  not  likely  that  any  .con- 
siderable number  of  fibres  have  the  latter  termination,  but  some  are  thought  to  pass  from  the 
roots  of  one  side  to  the  inner  group  of  nerve  cells  of  the  opposite  cornu  (Laura  and  Pick). 
Some  fibres,  moreover,  pass  across  the  intermediate  gray  substance,  and,  reaching  the  lateral 
column,  assume  a  vertical  direction.  It  is  probable  that  some  fibres  are  decussating  fibres, 
of  the  direct  pyramidal  tract,  so  that  part  of  the  anterior  commissure  is  to  be  regarded  as  a 
continuation  of  the  decussation  of  the  pyramids.  Lastly,  a  few  fibres  of  the  anterior  com- 
missure have  been  thought  to  come  from  the  posterior  nerve  roots. 

The  gray  commissure  contains  very  fine  medullated  nerve  fibres,  a  large  number  of  which 
pass  backward  in  the  posterior  horn  of  each  side,  and  appear  to  be  continuous  with  the  fibres 
of  the  posterior  roots.  It  is  highly  probable  that,  by  this  means,  a  considerable  number  of 
the  posterior  root  fibres  cross  (or  fibres  from  cells  in  which  the  root  fibres  end),  and  that  thus 
the  partial  decussation  of  the  sensory  path  in  the  cord  is  effected,  which  is  known  to  take 
place  a  short  distance  above  the  entrance  of  the  nerves.     If  the  gray  commissure  consisted 


*  Other  illustrations  of  the  degeneration  of  this  tract  will  be  found  in  the  section  on  Loco- 
motor Ataxy.  For  an  example  of  its  degeneration  and  references  to  previous  observations, 
see' Tooth,  St.  Bartholomew's  Hospital  Reports,  188J,  p.  137. 
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only  of  root  fibres,  it  has  been  estimated  that  it  could  contain  only  about  one-half  of  those 
of  the  posterior  roots.  Some  of  the  fibres  that  thus  cross  doubtless  find  their  way  to  the 
antero-lateral  ascending  tract  in  the  opposite  lateral  column.  Others  leave  the  commissure 
in  the  middle  line,  and  pass  backward  to  the  posterior  median  column,  but  whether  these 
decussate  or  not  we  do  not  know. 

Within  the  gray  commissure  is  the  central  canal  of  the  spinal  cord,  lined  with  epithelium, 
and  surrounded  by  granular  material,  similar  in  nature  to  that  which  caps  the  posterior  horn. 
It  is  often  filled  up  in  adult  cords. 

The  course  of  the  root  fibres  remains  to  be  considered.  The  anterior  roots  pass  through 
the  anterior  columns  in  bundles  which  are  distributed  through  an  area  of  the  column 
approximately  corresponding  to  the  width  of  the  anterior  surface  of  the  cornu.  In  the  gray 
substance,  fibres  from  most  of  these  bundles  pass  in  three  different  directions,  outward,  in- 
ward, and  directly  backward  in  the  middle  of  the  horn,  and  thus  cross  each  other  and  the 
fibres  from  the  anterior  commissure.  Many  of  the  fibres  enter  the  groups  of  nerve  cells  and 
certainly  end  in  these  cells.  Some  of  those  that  pass  outward,  enter  the  lateral  white  column 
("mixed  zone")  and  probably,  after  a  short  course  in  this,  reenter  the  gray  matter  at  a 
higher  or  lower  level.  Some  of  the  fibres  that  pass  inward  may  pass  through  the  commis- 
sure to  the  opposite  anterior  horn. 

The  posterior  root  fibres,  although  arranged  in  a  continuous  vertical  series  at  their  surface 
attachment,  divide  into  two  sets,  one  of  which  passes  through  the  "  caput  cornu posterioris  " 
(Fig.  71),  the  other  through  the  adjacent  part  of  the  post.-external  column  (Fig.  57).  The 
former  course  through  the  gelatinous  substance,  sometimes  in  a  compact  bundle  (Fig.  71), 
sometimes  in  curves  of  which  the  concavity  is  turned  toward  the  centre  of  the  head.  Some 
of  the  fibres  bend  into  a  longitudinal  direction  above  the  caput  (Fig.  71)  and  are  seen  in 
section  as  rounded  bubbles.  After  a  short  vertical  course,  upward  or  downward,  these  fibres 
again  pass  forward  into  the  horn.  Of  the  fibres  that  pass  through  the  postero- external 
column  many  pass  inward  and  enter  the  posterior  cornu  in  front  of  its  head.  These  have  not 
all  a  horizontal  course ;  some  pass  obliquely  upward  or  downward.  Some  may  even  have  a 
vertical  direction  for  a  short  distance.  It  is  not  likely  that  any  fibres  of  the  posterior  roots 
pass  far  upward  in  the  postero-external  column,  but  it  is  probable  that  some  pass  inward, 
through  this  column,  to  the  postero-median  column,  since  the  secondary  degeneration  of  the 
posterior  median  column  extends,  below,  into  the  outer  column,  when  it  is  due  to  disease  of 
the  roots  outside  the  cord. 

In  the  posterior  horn,  many  fibres  of  each  set  pass  to  the  posterior  commissure;  others  are 
believed  to  go  to  the  posterior  vesicular  tract  (where  this  exists),  while  some  pass  forward 
into  the  anterior  cornu,  chiefly  toward  the  outer  group  of  nerve  cells,  and  a  few  pass  toward 
the  anterior  commissure.  It  is  probable  that  the  fibres  that  pass  to  the  posterior  vesicular 
tract  are  connected  with  its  cells,  whether  directly  or  indirectly  through  their  ramifying 
processes  and  the  spongy  plexus,  we  do  not  know.  Those  that  pass  toward  the  posterior 
commissure  are  probably  interrupted  by  nerve  cells  in  the  posterior  cornu. 

Blood  Supply  to  the  Spinal  Cord.— The  arterial  supply  is  constituted  by  small 
branches,  derived  from  the  vertebrals,  intercostals,  and  other  arteries,  which  reach  the  cord 
by  the  anterior  and  posterior  roots.  The  anterior  pass  for  the  most  part  inward,  to  the 
anterior  median  fissure,  where  they  are  connected  by  vertical  branches,  continuous  in  direc- 
tion, which  are  described  as  the  "  anterior  spinal  artery."  Branches  also  pass  backward 
into  the  anterior  median  fissure,  at  the  bottom  of  which  they  divide,  and  the  small  arteries 
enter  the  cord,  passing  outward  through  the  anterior  commissure,  and  again  dividing  in  the 
gray  substance.  Small  branches  reach  the  lateral  column  (Ross).  "The  fibres  of  the 
anterior  commissure  are  displaced  by  the  vessels,  and  hence,  in  section,  the  commissure  often 
appears  to  be  interrupted.  The  posterior  spinal  arteries  give  branches  to  the  caput  cornu 
posterioris,  which  course  upward  and  downward  in  it  (a,  Fig.  7:),  and  then  divide  into 
small  branches  which  extend  outward  and  inward,  ramifying  in  the  pia  matter.  From  this 
ramification,  arterioles  pass  inward  into  the  white  substance  along  the  connective-tissue 
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septa,  send  off  minute  twigs  among  the  nerve  fibres,  and  end  in  the  gray  substance.  The 
branches  into  the  lateral  column  do  not  reach  the  gray  substance ;  the  branches  in  the  gray 
substance  extend  into  the  inner  part  of  the  lateral  column. 

The  veins  of  the  cord  pass  in  two  directions.  Some,  especially  those  of  the  white  sub- 
stance,  pass  outward  along  the  septa,  and  those  on  the  surface  of  the  sides  and  back  of  the 
cord  are  gathered  into  a  "  posterior  spinal  vein."  Others,  especially  of  the  gray  matter, 
pass  inward  to  a  large  vertical  vein  that  lies  in  the  gray  commissure,  a  little  distance  from 
the  central  canal  on  each  side  (v,  Fig.  71,  compare  also  Fig.  57),  from  which  branches  pass 
forward  to  the  anterior  median  fissure,  and  through  this  to  an  "  anterior  spinal  vein."  The 
anterior  and  posterior  spinal  veins  deliver  their  blood,  through  communicating  veins,  into 
the  huge  venous  plexuses  that  lie  outside  the  dura  mater,  and  which  receive  blood  also  from 
the  bones,  and  from  the  structures  and  skin  behind  the  spine.  •  But  the  veins  of  the  spinal 
cord  cannot  be  injected  from  these  plexuses,  not  because  there  are  valves  in  the  connecting 
branches,  but  apparently  because  they  form  so  trifling  a  proportion  of  the  total  connections. 
From  the  plexuses  blood  passes  to  the  various  vertebral,  cervical,  and  intercostal  veins.* 

Although  there  is  a.  vertical  continuity  of  the  vessels  of  the  cord,  it  is  probable  that  the 
course  of  the  circulation  is,  in  the  main,  horizontal.  From  the  very  tortuous  course  of  the 
path  by  which  arterial  blood  enters  the  cord,  it  is  evident  that  the  pressure  to  which  the 
arteries  of  the  cord  are  exposed  must  be  far  lower  than  that  in  the  arteries  of  the  brain,  and 
hence  they  are  far  less  liable  to  degeneration  and  to  rupture.  On  the  other  hand,  the  con- 
ditions that  prevent  an  injection  of  the  plexus  of  veins  outside  the  dura  mater  from  passing 
into  the  veins  of  the  cord,  must  save  the  latter  from  the  extreme  over-distention  to  which  they 
would  otherwise  be  liable,  when  there  is  a  hindrance  to  the  return  of  blood  from  the  plexus. 
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We  are  now  in  a  position  to  consider  the  functions  of  the  spinal  cord, 
and  the  structures  by  which  they  are  subserved.  The  functions  are  these : 
(1)  The  conduction  of  motor  nerve  impulses  from  the  brain  and  sensory 
impulses  to  it.  (2)  The  spinal  cord  constitutes  a  series  of  centres  for  reflex 
action.  (3)  It  contains  certain  centres  that  ultimately  govern  nervous 
action  in  structures  under  the  immediate  control  of  the  sympathetic  system 
of  nerves,  the  bladder,  rectum,  blood  vessels,  etc.  (4)  It  influences  the 
nutrition  in  all  parts  to  which  its  nervous  control  extends. 

Motor  Conduction. — We  have  already  seen  that  the  path  of  motor  im- 
pulses is  through  the  pyramidal  fibres  (in  the  anterior  and  lateral  pyramidal 
tracts),  the  anterior  cornua,  and  the  anterior  nerve  roots.  The  ganglion 
cells  form  part  of  the  path,  and  so  also  probably  does  that  part  of  the  plexus 
of  fibrillse  in  the  cornu  which  intervenes  between  the  pyramidal  fibres  and 
the  ganglion  cells.  We  have  also  seen  that  the  path  may  be  regarded  as 
consisting  of  two  segments,  an  upper,  cerebro-spinal,  and  a  lower,  spino- 
muscular  (see  p.  130).  The  conduction  in  the  cord  is  chiefly  on  the  side 
opposite  to  the  hemisphere  of  the  brain  in  which  the  impulses  originate,  to 
a  less  extent  on  the  same  side  in  the  upper  part  of  the  cord  (anterior  pyra- 
midal tract),  the  path  crossing  lower  down  by  the  anterior  commissure. 

*  A  fuller  account  of  the  vessels  of  the  cord  will  be  found  in  some  papers  by  Dr.  Ross,  in 
Brain,  vol.  hi,  p.  80.  At  present  we  are  not  able  to  make  a  practical  application  of  fuller 
details  than  are  given  in  the  text  above. 

9 
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The  fibres  for  the  leg,  however,  probably  pass  in  part  down  the  lateral  tract 
of  the  same  side,  establishing  thus  a  connection  between  the  leg  and  both 
hemispheres  of  the  brain.  This  is  probably  true  also  of  the  path  to  the 
bilateral  muscles,  such  as  the  intercostals,  and  to  other  muscles  of  the  trunk, 
and  likewise  to  those  muscles  that  pass  from  the  trunk  to  the  arm,  muscles 
that  are  often  used  with  their  fellows  on  the  opposite  side.  None  of  these 
muscles  are  ever  completely  and  permanently  paralyzed  by  a  lesion  on  one 
side  of  the  brain.  We  do  not  know  whether  this  relation  is  subserved  in  any 
degree  by  fibres  of  the  direct  pyramidal  tract. 

The  fibres  of  the  anterior,  motor,  nerve  roots,  all  of  which  can  probably 
be  stimulated  through  the  pyramidal  tracts,  are  far  more  numerous  than  the 
fibres  of  these  tracts.  The  latter  apparently  end  in  a  complex  mechanism, 
constituted  by  the  motor  nerve  cells  and  fibrillary  network.  This  mechan- 
ism is  such  that  the  stimulation  of  certain  pyramidal  fibres  excites  to  action 
a  much  greater  number  of  nerve  cells,  so  connected  and  arranged  as  to  pro- 
duce, through  the  related  nerve  roots,  a  complex  movement  in  which  many 
muscles  may  take  part.  The  nerve  cells  thus  connected  may  not  all  be  at 
precisely  the  same  level,  and  only  some  of  those  at  a  given  level  may  be  thus 
associated.  The  simpler  the  movements,  and  the  fewer  their  possible  varia- 
tions, the  fewer  pyramidal  fibres  may  suffice  for  the  production  of  the  move- 
ments. Thus  it  is  conceivable  that  for  such  movements  as  those  of  the  in- 
tercostal muscles,  which  are  simple  and  constant,  very  few  pyramidal  fibres 
may  suffice,  whereas  a  much  larger  number  must  be  necessary  for  the  highly 
variable  movements  of  the  hand. 

Representation  of  Movements  in  the  Spinal  Cord. — It  is  im- 
portant to  inquire  how  far  we  can  identify  these  various  motor  mechanisms 
of  the  anterior  gray  matter.  There  are  several  sources  of  information  on 
this  subject.  We  have  already  seen  that  the  arrangement  of  fibres  in  the 
anterior  roots  is  such  as  to  associate  certain  movements  with  certain  nerve 
roots,  and  it  is  a  reasonable  assumption  that  this  corresponds,  to  some  extent 
at  least,  with  the-  arrangement  in  the  gray  matter.  The  sources  of  our  in- 
formation on  this  point  are  the  limited  facts  of  anatomy,  rare  cases  of 
restricted  disease  of  the  nerve  roots  in  man,  and  especially  the  experiments 
of  Ferrier  and  Yeo  on  monkeys.  We  have  already  considered  the  indica- 
tions that  these  experiments  afford,  and  their  suggestiveness,  and  we  have 
seen  that  their  value  is  relative  rather  than  absolute.  As  regards  the  gray 
matter,  we  must  remember,  also,  that  there  may  not  be  a  strict  horizontal 
correspondence  between  the  nerve  roots  and  the  nerve  cells,  because  it  is 
probable  that  some  root  fibres  enter  the  antero-lateral  white  columns,  and 
are  connected  with  nerve  cells  at  a  higher  or  lower  level  than  that  at  which 
they  leave  the  cord.  Another  source  of  information  is  the  degeneration  of 
nerve  cells  that  follows  slowly  on  an  amputation  of  a  limb,  and  the 
condition  of  the  spinal  cord  in  congenital  absence  of  part  of  a  limb. 
The  last  and  most  important  source  of  information  is  supplied  by  cases  of 
limited  disease  of  the  anterior  cornua,  in  which  the  position  of  the  lesion 
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and  the  distribution  of  the  resulting  palsy  can  be  compared.  Destruction 
of  nerve  cells  causes  degeneration  of  the  motor  fibres  proceeding  from  them, 
and  wasting  of  the  muscles  to  which  those  motor  fibres  proceed.  This  alone 
affords  us  certain  knowledge.  Cases  of  clear  significance  are,  however,  rare, 
and  it  will  be  long  before  our  knowledge  can  be  complete.  Meanwhile,  we 
may  learn  something  of  the  central  association  of  muscles  by  observing  what 
muscles  are  most  frequently  paralyzed  together  by  such  disease.  This  sub- 
ject has  been  carefully  studied  by  E.  Remak*  and  many  valuable  isolated 
observations  have  been  published.  It  is  only  the  associations  which  are  fre- 
quent that  can  be  allowed  significance,  because  it  is  not  uncommon  to  have 
more  than  one  focus  of  disease  in  the  gray  matter.  The  following  summary 
presents  the  conclusions  that  seem  probable  from  the  evidence  at  present 
available. f 

The  various  facts  for  the  most  part  fully  confirm  the  conclusion  of  Remak, 
corroborated  by  the  experiments  of  Ferrier  and  Yeo,  that  most  movements 
and  muscles  are  represented  in  vertical  tracts,  and  the  whole  anterior  gray 
matter,  at  any  one  nerve  segment,  contains  cells  that  are  concerned  with 
different  movements.  An  extensive  lesion  of  small  vertical  extent  may  thus 
weaken  many  movements,  but  abolish  none.  The  special  representation  of 
the  muscular  function,  i.  <?.,  of  definite  movements,  is  no  doubt  related  to 
special  groups  of  nerve  cells,  but  a  single  group  may  be  concerned  in  more 
than  one  associated  movement.  Different  groups  are  probably  intimately 
connected,  because  we  know  that  the  contraction  of  any  muscle  is  accom- 
panied by  a  slighter  but  proportioned  contraction  of  its  antagonists.  Ana- 
tomical connections  in  both  spinal  cord  and  brain  doubtless  underlie  this 
association. 

Cervical  Enlargement. — We  are  chiefly  concerned  with  the  lower  brachial  part  of 
this  region,  that  below  the  fourth  cervical.  The  upper  part  contains  centres  for  the  muscles 
of  the  neck,  especially  for  the  sterno-mastoid  and  upper  part  of  the  trapezius.  The  diaphragm 
is  probably  represented  in  the  gray  matter  at  -the  level  of  its  nerve  roots,  the  fourth  cervical. 
In  the  brachial  region  of  the  cervical  enlargement,  the  muscles  of  the  shoulder  are  repre- 
sented chiefly  in  the  upper  part ;  the  intrinsic  muscles  of  the  hand  in  the  lower  part.  The 
flexors  of  the  elbow  are  represented  above  its  extensors ;  and  the  supinators  and  extensors  of 
the  wrist  above  the  flexors  of  the  wrist. 

Deltoid,  Scapular  Muscles,  Pectoralis,  and  Serratus. — Fifth  and  sixth  segments,  for  the  most 
part  the  sixth,  and  probably  the  outer  group  of  nerve  cells.  The  centres  for  the  two  parts  of 
the  pectoralis  are  separate,  and  are  associated — the  clavicular  with  that  of  the  serratus  mag- 
nus,  the  costal  with  that  of  the  latissimus  dorsi  (see  p.  49).  These  associated  muscles  are 
represented  near  together,  but  not  at  the  same  spot ;  the  association  is  often  present  in  dis- 
ease of  the  anterior  cornu,  but  one  muscle  may  be  affected  without  that  which  is  commonly 
associated  with  it. 

The  Flexors  of  the  elbow  and  supinators  probably  correspond  nearly  in  level  with  the 
deltoid.     The  whole  of  this  series  of  muscles  may  be  affected  alone   by  disease  of  the  nerve 

*  Archiv  f.  Psychialrie,  vol.  ix. 

f  A  useful  summary  of  the  evidence  up  to  the  middle  of  1884,  was  given  by  Dr.  Allen 
Starr,  in  the  American  Journal  of  Neurology,  Aug.  and  Nov.,  1884.  The  subject  is  a  tempt- 
ing one  for  theory,  but  it  is  very  important  to  keep  to  the  solid  ground  of  facts,  however  lim- 
ited it  may  be  in  extent. 
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roots  (see  p.  95)  or  of  the  gray  matter,  and  then  we  have  the  «  upper  arm  type  "  of  palsy, 
described  first  by  Erb.  . 

Extern*  of  the  e»aw  {triceps):  probably  the  middle  of  the  brachial  region,  chiefly -the 
seventh  segment,  extending  down  to  the  eighth,  and  perhaps  up  to  the  sixth,  possibly  chiefly 
in  the  outer  group  of  nerve  cells.  ui.ii.-fl* 

The  Extensors  of  the  wrist  are  represented  above  those  of  the  elbow;  probably  chiefly  at 
the  sixth  or  sixth  and  seventh  segments,  and  not  from  the  postero-external,  but  from  the 
other  groups.  Flexors  of  the  wrist  :  below  the  extensors,  nearly  on  the  same  level  as  the 
extensors  of  the  elbow,  at  the  seventh  and  eighth  segments,  and  probably  also  from  one  of 
the  outer  groups  of  cells.     The  pronators  have  nearly  the  same  representation  as  the  flexors 

of  the  wrist. 

Long  Extensors  of  the  fingers  :  upper  part  of  the  brachial  region,  about  the  level  of  the 
sixth  or  between  it  and  the  seventh  segment,  probably  from  one  of  the  anterior  groups  of 
cells  i  not  from  the  posterolateral  group.  Long  Flexors  of  the  fingers  :  below  the  exten- 
sors; probably  seventh  or  eighth  segments. 

Intrinsic  muscles  of  the  hand:  lowest  part  of  the  brachial  region,  and  the  thenar  muscles 
a  little  higher  than  the  interossei;  the  latter  being  represented  in  the  first  dorsal  segment* 
The  intrinsic  muscles  are  probably  related  less  to  the  outer  groups  of  cells  than  to  the  inner 
and  anterior  groups.  We  have  seen  that  this  is  probably  true  also  of  the  long  extensors  of 
the  fingers.  The  two  groups  of  muscles  often  act  together,  and  their  central  connection  was 
illustrated  by  a  case  of  concussion  lesion  of  the  cord  under  my  care,  in  which  the  two  outer 
interossei  were  paralyzed  and  wasted,  and  also  the  part  of  the  long  extensor  supplying  these 
two  fingers,  but  no  other  muscles. 

Lumbar  Enlargement.— Our  knowledge  of  the  representation  of  muscles  in  the  lumbar 
enlargement  is  very  slight,  and  we  have  scarcely  any  definite  facts  concerning  their  relation 
to  the  cell  groups.  The  postero-external  group  preponderates  over  the  others  in  size,  even 
more  than  in  the  cervical  cord,  and  doubtless  also  in  importance.  The  few  pathological 
observations  of  changes  in  the  several  groups  are  not  altogether  consistent.  The  chief  facts 
available  relate  to  the  probable  segmental  level  and  association  of  the  centres,  and  are  as 
follows : — 

Cremaster,  second  lumbar  segment.  Psoas,  second,  iliacus,  third  lumbar;  the  two  mus- 
cles, one  in  function,  are  probably  related  to  a  group  of  cells  extending  through  both  seg- 
ments. Adductors,  fourth  lumbar  segment.  Gluteal  muscles  (extensors  of  hip),  fourth  and 
fifth  lumbar  segments. 

Extensors  of  Knee. — Third  and  fourth  lumbar  segments;  probably  from  the  same  group 
as  the  flexors  of  the  hip;  the  two  sets  oi  muscles  are  often  affected  together,  and  sometimes 
the  adductors  suffer  with  them.  The  Sartorius  is  probably  related  to  the  third  segment,  but 
not  to  the  same  cell  group  as  the  extensors  of  the  knee  (to  which,  indeed,  it  does  not  belong; 
see  p.  56).  It  usually  escapes  in  atrophic  palsy  of  the  extensors.  Flexors  ofhneetf>ft\i  lum- 
bar and  first  dorsal  segments.  Their  centre  is  thus  below  and  certainly  distinct  from  that  of 
the  extensors. 

The  muscles  of  the  lower  leg,  moving  the  foot  and  toes,  are  related  to  the  fourth  and  fifth 
lumbar  and  the  first  sacral  segments.  The  calf  muscles,  the  tibialis  anticus,  and  the  peroneus 
longus  have  certainly  separate  centres  and  are  often  affected  separately.  The  tibialis  anticus 
may  suffer  alone,  or  may  alone  escape  when  the  other  muscles  in  front  of  the  leg  are  para- 
lyzed.    The  muscles  of  the  calf  may  be  affected  when  those  in  front  of  the  leg  are  not.     It 

*  This  is  the  indication  of  the  majority  of  cases.  Nevertheless,  Sahli  has  recorded  a  case 
of  atrophy  of  all  the  intrinsic  muscles  of  the  hand,  in  which  the  lesion  did  not  extend  below 
the  seventh  cervical :  the  eighth  cervical  and  first  dorsal  segments  were  perfectly  normal.  I 
have  seen  a  case  of  atrophy  limited  to  the  deltoid  and  intrinsic  muscles  of  the  hand, 
due  to  an  acute  process,  probably  hemorrhage,  but  in  this  case  there  may  have  been  two 
lesions. 
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is  probable  that  the  peroneus  longus  is  the  highest  in  central  representation,  and  is  related  to 
the  fourth  lumbar  segment. 

The  intrinsic  muscles  of  the  foot,  especially  the  interossei,  are  the  lowest  in  central  rela- 
tions, being  connected  with  the  second  sacral  segment.  The  position  of  their  centres,  in  the 
lowest  part  of  the  lumbar  enlargement,  thus  corresponds  to  that  of  the  analogous  muscles  of 
the  hand,  in  the  lowest  part  of  the  cervical  enlargement. 

Sensory  Conduction. — Our  knowledge  of  the  sensory  path  in  the  cord 
is  far  less  definite  than  that  of  the  motor  path,  in  spite  of  the  fact  that  it  has 
been  the  subject  of  a  large  number  of  experimental  investigations.  The  sub- 
ject is  a  very  difficult  one  for  experimental  solution,  on  account  of  the  diffi- 
culty of  ascertaining  the  condition  of  sensation  in  animals..  The  indications 
afforded  by  disease  are  equivocal  for  another  reason.  We  have  seen  that, 
in  the  sensory  nerves,  a  lesion  which  permanently  interrupts  motor  conduc- 
tion may  scarcely  affect  sensory  conduction,  and  the  same  thing  is  appa- 
rently true  of  the  spinal  cord.  If  loss  of  feeling  results  from  an  acute  lesion, 
it  often  quickly  passes  away,  although  motor  palsy  remains  complete  and 
absolute,  and  this  when  all  the  elements  of  the  cord  seem  equally  damaged 
by  the  morbid  process.  In  cases  of  chronic  disease,  such  as  compression, 
which  also  acts  equally  on  all  the  structures,  the  same  escape  of  sensory  con- 
duction is  often  observed.  The  result,  in  acute  cases,  has  been  thought  to 
indicate  that  the  sensation  may  find  new  paths,  but  this  explanation  can 
hardly  apply  to  cases  in  which  all  the  elements  are  equally  compressed. 
It  is  more  probable  that  the  nerve  fibres  suffer  partial  damage,  without  in- 
terruption of  the  axis  cylinder,  so  that  their  conducting  power  is  lowered, 
and  not  lost,  and  suffices  for  sensation  but  not  for  motion.  We  have  seen 
reason,  on  more  than  one  ground,  to  believe  that  this  is  the  case  in  partial 
lesions  of  the  peripheral  nerves  (pp.  70  and  71).  Hence  we  may  find  dis- 
ease in  those  elements  of  the  cord,  to  which  other  facts  point  as  the  sensory 
path,  and  yet  there  may  have  been  no  corresponding  loss  of  sensation.  In 
an  area  damaged  by  sclerosis  or  chronic  myelitis,  it  is  common  to  find  many 
nerve  fibres  retaining  their  form,  although  evidently  changed  in  nature, 
since  their  white  substance  stains  more  readily  than  in  health  ;  it  is  common 
also  to  find  axis  cylinders  surrounded  by  a  sheath  of  myelin  much  narrower 
than  normal,  and  this  in  parts  in  which  there  is  a  considerable  increase  of 
connective  tissue.  Such  fibres  may  still  possess  some  conducting  power. 
Hence  we  cannot  infer,  because  the  supposed  sensory  tracts  are  visibly  dis- 
eased in  a  case  in  which  there  was  no  loss  of  sensibility,  that  these  tracts 
have  not  the  function  assigned  to  them,  unless  we  can  feel  sure  that  all  the 
axis  cylinders  are  destroyed.  For  this  reason,  and  because  morbid  processes 
are  often  wide  in  distribution,  the  evidence  that  can  be  obtained  by  com- 
paring the  position  of  lesions  with  the  sensory  symptoms  they  produce,  is 
limited  and  uncertain,  Another  source  of  information  is  the  effect  of  partial 
transverse  lesions  of  the  cord,  intense  in  degree,  but  limited  in  area,  espe- 
cially traumatic  lesions  affecting  one-half  of  the  cord  or  part  of  one-half. 
Cases  of  this  kind  are  of  the  highest  value,  and  it  will  probably  be  by  these 
that  the  question  will  be  ultimately  decided.     But  the  cases  are  few,  at  pres- 
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ent,  in  which  the  extent  of  lesion  and  the  range  of  symptoms  have  been 
accurately  ascertained. 

It  would  take  too  much  space  even  to  enumerate  the  various  conclusions 
which  have  been  reached  by  the  many  investigators  who  have  endeavored  to 
solve  the  problem  of  sensory  conduction.  It  may  suffice,  for  practical  pur- 
poses, to  point  out  the  evidence  that  seems  most  important,  and  the  conclu- 
sions that  seem,  on  the  whole,  most  probable.  The  earlier  experiences  of 
Brown-Sequard  established  one  important  fact,  which  has  been  fully  con- 
firmed by  pathology,  that  the  chief  part  of  the  sensory  path  crosses  the 
middle  line  soon  after  it  enters  the  cord,  and  passes  up  to  the  brain  on  the 
other  side.  These  experiments  also  suggested  that  one  upward  path  is  in  the 
intermediate  gray  substance.  This  possibility  cannot  be  said  to  be  entirely 
disproved,  but  later  investigations  have  given  it  no  confirmation,  and  it  is 
on  the  whole  improbable.  The  experiments  by  others  which  seem  to  deserve 
the  greatest  weight  are  those  of  Schiff  and  Woroschiloff.  The  latter  em- 
ployed, as  a  test  of  upward  conduction,  the  effect  of  sensory  stimulation  on 
the  vessels.  These  experiments,  taken  together,  point  to  two  regions  of  the 
white  substance  as  containing  the  sensory  path ;  the  posterior  columns  and 
the  lateral  columns.  In  the  lateral  columns  the  path  cannot  be  contained 
in  the  pyramidal  tract,  and  it  is  not  likely  that  the  cerebellar  tract  conducts 
sensation  from  the  limbs.  Hence  it  is  to  the  anterior  part  of  the  lateral 
column  and  the  posterior  column  that  experiment  points.  It  cannot  be  an 
accidental  coincidence  that  it  is  in  these  two  regions  that  secondary  degen- 
eration proves  the  existence  of  fibres  which  conduct  upward,  and  extend 
through  the  spinal  cord  to  the  brain.  These  are  in  the  posterior  median 
columns,  and  in  what  I  have  termed  the  "  antero-lateral  ascending  tract  " 
(p.  134).  The  experiments  of  Schiff  suggest  that  the  lateral  column  is  the 
path  of  sensibility  to  pain,  and  those  of  Woroschiloff  point  to  the  same  con- 
clusion, since  he  refers  to  it  the.  conduction  of  impulses  that  have  a  reflex 
influence  on  the  vasomotor  nerves,  and  such  an  influence  is  probably  only 
exerted  by  the  impulses  that  excite  a  sensation  of  pain..  Schiff'  concluded 
that  the  conduction  of  tactile  sensibility  is  in  the  posterior  columns,  and, 
moreover,  in  the  posterior  column  of  the  same  side,  there  being  no  decussa- 
tion in  the  cord.  The  latter  is  certainly  erroneous,  so  far  as  man  is  con- 
cerned. That  the  path  of  sensibility  to  touch,  as  well  as  that  of  sensibility 
to  pain,  crosses  the  middle  line  is  proved  by  the  effects  of  unilateral  lesions 
of  the  cord.  To  these  we  may  now  turn,  and  ask  how  far  they  support  the 
suggestions  of  experiment. 

Unilateral  lesions  of  the  spinal  cord,  which  cause  loss  of  sensibility  of  the 
skin,  do  so  on  the  side  opposite  to  the  lesion.  This  is  true  of  all  forms  of 
sensibility.  They  thus  prove,  beyond  doubt,  the  decussation  of  the  spinal 
cord  of  the  path  from  the  cutaneous  nerves  of  pain  (1.  e.,  common  sensi- 
bility), of  touch,  and  of  temperature.  An  analysis  of  the  cases  in  which 
both  effect  and  lesion  have  been  exactly  ascertained— which  will  be  con- 
sidered more  fully  when  these  lesions  are  described— suggests  certain  other 
conclusions  regarding  the  position  of  these  paths.     They  suggest,  first,  that 
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the  paths  for  sensations  of  pain  and  of  touch  are  not  near  together.  Sensi- 
bility to  pain  has  been  lost  in  almost  all  recorded  cases,  but  that  to  touch 
in  only  two-thirds.  They  suggest,  secondly,  that  the  two  paths  for  tactile 
sensibility  are  nearer  together  than  are  the  two  paths  for  common  sensibility. 
In  no  case  of  chiefly  unilateral  lesion  has  sensibility  to  pain  been  lost  on 
both  sides,  whereas  in  two  recorded  cases  sensibility  to  pain  was  lost  on  the 
side  opposite  to  the  lesion,  while  that  to  touch  was  lost  on  both  sides.* 
Both  these  conclusions  harmonize  with  the  suggestion  of  experiment,  that 
painful  sensations  are  conducted  in  the  lateral  column,  those  of  touch  in  the 
posterior  column.  These  conclusions,  moreover,  are  supported  by  the  facts 
of  the  only  two  cases  that  I  have  been  able  to  find  which  afford  direct 
localizing  indications.  One  is  a  case,  recorded 
Dy  myself, f  in  which  the  spinal  cord  in  the  f'g-  73. 

upper  cervical  region  was  damaged  by  a  small 
spiculum  of  bone  being  driven  against  it  by  a 
bullet,  which,  entering  the  mouth,  lodged  in 
the  body  of  the  third  cervical  vertebra.  The 
extent  of  the  lesion  of  the  cord  is  shown  in 
Fig.  73.  The  chief  injury  is  clearly  to  the 
lateral  column  and  gray  matter,  the  posterior 
column  being  merely  swollen,  apparently  by 
cedema.  The  affected  part  was  the  seat  of  section  of  spinal  cord  between  the  sec- 
hemorrhage  and  hemorrhagic  infiltration.  The  mfe/by  g^shot Injury. nerves'  con' 
effect  was  entire  loss  of  sensibility  to  pain  on 

the  opposite  side  without  any  impairment  of  tactile  sensibility.  To  this  the 
other  case,  recorded  by  Muller,J  is  almost  a  complement.  A  stab  wound 
divided  the  whole  of  one-half  of  the  cord,  including  the  posterior  column, 
and  also  the  posterior  column  of  the  other  side  almost  up  to  the  nerve  roots. 
The  whole  of  both  postero-median  columns  were  thus  divided.  The  effect 
was  loss  of  sensibility  to  pain  on  the  side  opposite  to  the  lesion,  and  of  that 
to  touch  on  both  sides. 

Fj&ir^jJlJjie  evidence,  direct  and  indirect,  jt  seems  to„he  almost  certain 
that  the  anterojjajejal^&xnding^y-aGt-constk^  to 

pain,  and  to  this  conclusion_jio_  important  Jg£tsare  opposed.     But  it  is_ 
otherwise  with  the  other  conclusion,  also  strongly  suggested  by  the  evidence 
we  have  reviewed,  that  the  posterior  median  column  contains  the  path  for 
sensibility  to  touch.     Regarding  this  column  there  is  another  class  of  facts, 
suggesting  a  different  function  for  its  fibres,  and  these  facts  must  receive 

*It  is  possible  that  tactile  sensibility  may  have  been  lost,  in  other  cases,  on  the  second 
side,  2.  e.,  on  the  side  of  the  lesion,  and  may  have  escaped  notice  in  consequence  of  the  ex- 
altation of  sensibility,  which  is  commonly  present,  and  which  is  presumably  due  to  the  nerves 
of  common  sensibility.  f  Clinical  Society's  Trans.,  vol.  xi,  1878,  p.  24. 

%Beilrage  zur  Path.  Anat.  und  Phys.  der  Ruckenm.,  Leipzig,  1871.  Abstracts,  which 
supplement  each  other,  and,  together,  give  a  full  account  of  the  case,  will  be  found  in  Kob- 
ner's  article  on  unilateral  lesions,  Deut.  Arch.  f.  klin.  Med.,  1877,  Bd.  xix,  p.  190,  and 
in  Virchovf  s  Jahresbericht,  1871,  Bd.  i,  p.  152. 
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careful  consideration  before  we  can  draw  any  conclusion  regarding  its  relation 
to  tactile  sensibility.  The  column  is  often  found  diseased,  and  intensely 
diseased  in  some  parts,  when  there  is  no  loss  of  any  form  of  cutaneous 
sensibility.  Moreover,  certain  facts  seem  to  indicate  another  function  for 
the  fibres  of  the  median  columns.  We  have  seen  that  the  way  in  which  their 
ascending  degeneration  spreads  out  toward  the  periphery  of  the  cord,  just 
above  a  lesion,  and  reaches  the  posterior  root  zone,  suggests  that  posterior 
root  fibres  pass  directly  to  this  column  without  decussating.  There  is  one 
form  of  sensibility  the  path  for  which  seems  not  to  decussate  in  the  cord — 
the  sensibility  of  the  muscles.  The  facts,  old  and  recent,  of  unilateral  lesions 
of  the  cord  (considered  more  fully  in  the  next  section)  supply  conclusive 
evidence  that  the  sensibility  of  the  muscles  is  lost  on  the  side  of  the  lesion, 
as  was  first  pointed  out  by  Brown-Sequard.  These  non-decussating  fibres 
of  the  posterior  median  columns  may  constitute  the  path  for  this  sensibility. 
In  harmony  with  this  view  is  the  fact  that  these  columns  are  diseased  almost 
constantly  in  locomotor  ataxy  {q.  v.).  But,  even  if  we  admit  this  theory  as 
probable,  we  are  not  justified  in  assuming  that  this  is  the  sole  function  of 
these  columns.  Fibres  pass  to  them  also  in  other  ways,  from  the  posterior 
commissure  in  the  middle  line,  and  from  the  neck  of  the  posterior  cornu 
(see  Fig.  71),  and,  as  the  figure  shows,  some  of  these  fibres  may  readily 
come  from  the  posterior  commissure,  and  both  these  sets  of  fibres  may  have 
crossed  in  the  middle  line.  Is  it  possible  that  these  fibres  conduct  tactile 
sensibility,  and  that  they  are  mingled  with  those  that  conduct  muscular 
sensibility  ?  This  theory,  perhaps  better  than  any  other,  harmonizes  ascer- 
tained facts,  but  it  can  only  be  regarded  as  a  suggestion  for  future  observa- 
tions. If  the  path  is  in  the  posterior  columns,  and  not  in  their  median 
portion,  it  must  have  a  zigzag  course,  passing  in  and  out  of  the  gray  matter 
scores  of  times  in  its  upward  progress,  since  no  fibres  of  the  external  column 
have  a  continuous  upward  course  of  more  than  a  few  centimetres.  Such  an 
assumption  must  be  a  last  resort  of  theory.  The  case  figured  on  p. 
143  seems  to  exclude  the  possibility  that  the  gray  matter  can  contain  the 
tactile  path. 

The  path  for  sensations  of  temperature  Js_  still  unknown.  The  fact  that 
this  sensejs  frequency  impaired  with  sensibility  to  pain  suggestsTKat  the 
•Jwoj'iths  may  be_  near  together  in  the  lateral  columnsr~MoTe  Uran  this 
cannat.  be  said.  ~~' — — — — 

Flechsig  thinks  that  the  direct  cerebellar  tract  conducts  sensation  from 
the  muscles  of  the  lower  part  of  the  trunk.  It  may  be  diseased  when  there 
is  no  cutaneous  anaesthesia,  and  is  chiefly  formed  at  the  spinal  level  of  those 
muscles.  Hence  the  theory  has  some  probability,  although  the  function  of 
the  remarkable  posterior  vesicular  tract,  from  which  the  fibres  chiefly  come, 
is  not  known.  This  view  would  assign  a  similar  function  to  the  direct 
cerebellar  tract,  and  to  part  at  least  of  the  posterior  median  column.  The 
post.-pyram'idal  nucleus,  in  which  the  latter  fibres  end,  has  also  an  extensive 
connection  with  the  cerebellum.  It  may  be  that  the  impressions  from  the 
muscle  nerves,  conducted  by  these  fibres,  influence  cerebellar  coordination, 
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but  do  not  directly  affect  consciousness  as  a  distinct  sensation,  although  they 
may  indirectly  influence  our  conceptions. 

But  we  have  to  face  another  difficulty  in  our  localization  of  the  sensory 
path.  The  same  impression  that  is  felt,  may  excite  a  reflex  action.  For 
this,  afferent  root  fibres  must  end  in  the  gray  matter  of  the  cord.  Are  the 
two  functions  subserved  by  the  same  or  by  different  fibres?  A  similar 
question  presents  itself  with  regard  to  the  muscle  nerves.  If  the  ascending 
degeneration  in  the  postero-median  column,  when  the  cauda  equina  is  dis- 
eased, is  admitted,  as  provisionally  it  must  be,  as  proof  that  these  root  fibres 
pass  up  without  interruption,  the  muscle  reflex  action  must  be  subserved  by 
other  fibres.  For  it,  however,  comparatively  few  fibres  may  suffice.  With 
regard  to  the  sensory  fibres  from  the  skin,  the  evidence  at  present  suggests 
that  all  undergo  interruption  in  the  spinal  cord,  since  the  paths  have  not  yet 
been  found  degenerated  when  a  lesion  has  been  confined  to  the  nerve  roots. 
If  so,  the  same  fibres  probably  subserve  sensation  and  reflex  action. 

We  know  very  little  of  the  serial  representation  of  cutaneous  sensibility  in 
the  posterior  roots.  It  is  very  probable,  however,  that  there  is  a  progressive 
representation  of  the  skin,  without  relation  to  the  muscles.  We  know  that 
this  obtains  in  the  simpler  arrangement  of  the  nerves  of  the  trunk ;  ascending 
disease  causes  an  affection  of  sensation  which  extends  around  the  trunk  at 
higher  and  higher  levels.  In  the  limbs  we  have  indications  of  the  same 
relation :  the  soles  and  palms  may  be  affected  alone,  and  anaesthesia  may 
extend  on  the  limb  to  a  certain  level,  irrespective  of  nerve  distribution. 
This  is  often  seen  in  the  legs.  I  have  seen  anaesthesia  in  the  arms,  due  to 
disease  of  the  spinal  cord,  up  to  midway  between  shoulder  and  elbow,  and 
there  cease  at  the  same  level  around  each  arm.  At  the  same  time,  the 
strictly  progressive  representation  may  obtain  only  within  the  cord,  and  be 
modified  in  the  nerve  roots.  Thus,  affection  of  the  first  dorsal  roots  causes 
anaesthesia  only  in  the  ulnar  region  of  the  palm.  Disease  of  the  cord  itself 
may  affect  sensation  on  the  tips  of  the  fingers  only.  It  is  possible  that  the 
afferent  nerves  from  the  muscles  differ  from  those  from  the  skin,  and  corre- 
spond in  origin  to  the  motor  nerves  to  the  same  muscles. 

Reflex  Centres. — The  gray  matter  of  the  spinal  cord  constitutes  a 
series  of  reflex  centres,  some  of  which  must  be  of  considerable  vertical 
extent  and  considerable  complexity,  and  are  subserved  probably  not  only  by 
the  gray  matter  but  by  the  short  fibres  that  in  the  antero-lateral  column 
(mixed  zone  and  limiting  layer)  and  the  postero-external  columns  (poste- 
rior ground  fibres)  connect  the  gray  matter  at  different  levels.  We  have 
already  seen  (p.  34)  that  we  must  distinguish  two  forms  of  reflex  action— 
the  cutaneous  reflex  action  and  the  muscle  reflex  action,  the  latter  produc- 
ing the  "myotatic  irritability"  which  is  assumed  to  determine  so-called 
"  tendon  -reflex  contractions."  The  first  form  of  reflex  action  is  not,  how- 
ever, limited  to  impressions  on  the  cutaneous  nerves.  It  may  be  produced 
by  stimulation  of  the  nerves  supplying  the  deeper  structures,  including  those 
of  the  tendons  and  muscles.     The  attempt  to  obtain  the  knee  jerk  may 
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cause  a  true  reflex  action  as  well  as  a  local  contraction,  the  two  being 
separated  by  an  appreciable  interval  of  time.  In  the  skin  it  is  apparently 
subserved  by  all  the  sensory  nerves.  It  may  be  present,  although  the  nerves 
for  either  pain  or  touch  are  degenerated. 

The  central  process  involved  in  reflex  action  must  take  place  between  the 
posterior  nerve  roots  and  the  anterior  roots.  The  motor  ganglion  cells  must 
take  part  in  it,  and  form  part  of  the  reflex  centre,  and  the  rest  of  the  centre 
is  probably  constituted  by  part  of  the  fibrillary  plexus,  and  perhaps  also  by 
sensory  nerve  cells.  The  whole  part  may  be  spoken  of  as  the  "  reflex  arc." 
Lines  of  different  resistance  doubtless  exist  in  the  centre,  and  determine  the 
form  of  the  reflex  action.  The  stronger  (within  limits)  the  afferent  stimulus, 
the  wider  does  the  process  spread  in  the  centre,  and  the  more  extensive  is 
the  movement  produced.  Thus  a  slight  touch  on  the  sole  may  cause  only  a 
movement  of  the  foot,  while  a  stronger  impression  may  cause  a  movement 
of  the  whole  limb.  This  is  true  only  "  within  limits, "because  a  very  strong 
stimulation  may  prevent  any  reflex  movement,  by  inhibiting  the  centre  which 
a  slighter  stimulus  discharges. 

The  motor  ganglion  cells  from  which  the  anterior  roots  proceed,  must 
form  part  of  the  centre  for  each  form  of  reflex  action,  but  the  afferent 
impression  for  the  two  must  be  conveyed  by  different  nerves,  and  that  por- 
tion of  the  centres  which  intervenes  between  the  posterior  nerve  roots  and 
the  motor  ganglion  cells,  may  be  distinct.  Beyond  this,  we  can  say  nothing 
of  the  relation  of  the  two  centres.  The  muscle  reflex  action  must  be  the 
less  complex.  It  is  a  simple  effect  of  the  stimulation  of  certain  fibres  on 
certain  nerve  cells,  strictly  limited  to  the  cells  related  to  the  muscle  from 
which  the  afferent  impulse  comes.  The  cutaneous  reflex  process  is  far  more 
considerable  in  degree,  wider  in  range,  and  more  complex  in  character. 
In  some  of  the  lower  animals  it  may  attain  the  elaborateness  of  a  purposed 
movement. 

These  reflex  centres  are  subject  to  control.  That  for  cutaneous  reflex 
action  must  be  controlled  by  a  cerebral  centre,  since,  when  all  cerebral  influ- 
ence is  cut  off,  as  by  a  transverse  lesion  in  a  higher  part  of  the  cord,  the 
action  of  the  lower  spinal  centres  becomes  excessive.  We  have  no  precise 
knowledge  of  the  seat  of  the  controlling  centre  or  of  the  path  by  which  the 
control  is  exerted.  The  mechanism  must,  however,  be  very  complex,  since 
many  cerebral  lesions,  which  cause  hemiplegia,  cause  also  a  diminution  of 
cutaneous  reflex  action  on  the  paralyzed  side.  •  This  effect  seems  to  indicate 
that  the  cerebral  centre  which  controls  reflex  action,  is  itself  habitually  con- 
trolled by  a  higher  centre,  perhaps  in  the  cortex.  When  this  is  destroyed, 
or  the  path  from  it  is  interrupted,  the  controlling  centre  passes  into  a  con- 
dition of  increased  activity,  and  the  reflex  action  is  lessened.  This  is  a 
theory  only,  but  it  seems  impossible  otherwise  to  explain  the  facts. 

The  muscle  reflex  centres  seem  also  to  be  under  the  control  of  other 
centres,  because,  if  there  is  disease  of  the  cord  higher  up,  they  also  pass 
into  a  condition  of  increased  activity.  But  the  phenomena  of  their  dis- 
turbance presents  three  important  points  of  difference  from  those  of  the 
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cutaneous  reflex  action,  (i)  We  know  with  certainty  the  path,  disease  of 
which  determines  their  excess :  it  is  the  pyramidal  tracts.  (2)  Disease  of 
the  brain  never  causes  a  permanent  diminution  in  the  action  of  the  spinal 
centres,  as  it  so  frequently  does  in  the  case  of  the  centres  for  cutaneous 
reflex  action.  On  the  contrary,  disease  of  the  pyramidal  fibres  in  the  brain 
causes  the  same  excess  of  this  form  of  reflex  action  as  does  disease  of  the 
pyramidal  fibres  in  the  cord.  (3)  The  excess  does  not,  as  a  rule,  quickly 
follow  an  interruption  of  the  path  from  the  brain,  as  does  the  excess  of 
superficial  reflex  action.  It  is  manifested  at  the  end  of  a  week  or  ten  days, 
and  gradually  increases.  Two  explanations  of  the  lateness  of  the  manifesta- 
tion of  the  excess  are  conceivable.  The  lesion  of  the  pyramidal  fibres 
causes  also  their  degeneration  below  the  lesion,  and  this  must  involve  their 
termination  in  the  gray  matter.  The  excess  of  action  of  the  centres  may 
be  the  result  of  the  degeneration  of  this  terminal  ramification,  which  may 
be  the  controlling  structure  that  normally  restrains  the  activity  of  the 
centres.  In  this  case,  the  time  before  the  excess  is  manifested  may  be  that 
needed  for  the  degenerative  changes  to  descend  the  fibres  to  the  level  of  the 
centres  concerned.  Secondly,  the  mere  arrest  of  the  central  influences 
passing  down  the  pyramidal  fibres  may  cause  the  excess  of  the  muscle  reflex 
centres,  and  the  interval  which  elapses  before  the  excess  is  manifested  may 
be  due  to  the  fact  that  there  is  little  tendency  to  increased  activity,  that 
but  slight  habitual  control  is  exercised  or  needed",  and  that  the  capacity  for 
over-action  is  gradually  developed  and  gradually  increases.  On  the  whole, 
it  seems  to  be  highly  probable  that  the  normal  restraint  is  due,  in  some 
way,  to  the  influence  of  the  terminal  portion  of  the  pyramidal  fibres  within 
the  gray  matter,  and  that  the  excess  of  this  reflex  action  follows  any  impair- 
ment of  the  integrity  of  these  structures.  This  may  not  be,  however,  the 
only  cause  of  excessive  reflex  action.  A  primary  over-action  of  the  centres 
is  conceivable,  and  may  occur  in  some  conditions,  but  it  is  not  probable 
that  such  over-action  is  the  cause  of  the  permanent  excess  which  results 
from  disease  higher  up  the  spinal  cord. 

The  chief  local  forms  of  superficial  and  muscle  reflex  action  have  been 
already  described  (see  pp.  35,  et  seq.).  Their  centres  are  found  in  the  cor- 
responding segments  of  the  cord  here  enumerated.  The  superficial  reflex 
centres  are,  however,  extensive,  and  may  be  excited  through  a  wider  region 
than  that  indicated.     (See  also  p.  152.) 

Superficial -Reflex  Action. — Plantar,  second  sacral;  gluteal,  fourth  lumbar ; 
cremaster,  second  lumbar  ;  abdominal,  sixth  to  eleventh  dorsal  (epigastric, 
sixth  dorsal) ;  scapular,  fifth  cervical  to  first  dorsal. 

Muscle  Reflex  Action.— Calf  muscles  (foot  clonus),  fifth  lumbar  and  first 
sacral ;  knee  jerk,  third  and  fourth  lumbar;  flexor  digitorum,  triceps,  seventh 
cervical ;  biceps,  supinator  longus,  sixth  cervical. 

Coordination  of  Movement.— The  coordination  of  movement  is  cer- 
tainly in  part  determined  by  the  spinal  cord.  It  is  a  complex  function, 
probably  depending  on   both  motor  and  sensory  arrangements,  but  chiefly 
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on  the  impressions  from  the  sensory  muscle  nerves.  The  consideration  of 
its  mechanism  may  conveniently  be  postponed  until  the  discussion  of  its 
defect. 

Influence  of  Nutrition. — The  nutrition  of  the  muscles  is  under  the 
control  of  the  anterior  gray  matter,  and  probably  of  the  motor  nerve  cells. 
The  influence  is  exerted  through  the  motor  nerves,  and  indeed  consists  in 
the  normal  conducting  integrity  of  the  fibres  (see  p.  44). 

The  nutrition  of  the  bones  and  joints  is  also  under  the  control  of  the  cord, 
but  we  do  not  know  by  what  part  that  control  is  exerted.  The  growth  of 
the  bones  is  hindered  when  the  anterior  cornu  are  diseased,  but  no  change 
seems  then  to  occur  in  the  osseous  structure.  Such  a  change,  and  an 
alteration  in  the  joints,  may  occur  in  locomotor  ataxy,  in  which  there  is 
disease  of  the  posterior  nerve  roots. 

The  nutrition  of  the  skin  seems  to  depend  on  nerves  that  have  their 
course  in  the  posterior  roots,  but  we  do  not  know  whether  there  are  special 
trophic  nerves,  or  the  position  of  the  centres  by  which  the  influence  is 
exerted.  The  clearest  fact  is  that  irritation  of  the  nerve  structures  has  far 
more  effect  than  simple  loss  of  function.  It  is  when  the  cord  or  nerve  roots 
are  the  seat  of  irritative  inflammation  that  the  most  serious  trophic  changes 
occur. 

Visceral  Control. — Although  the  viscera  are  under  the  immediate  con- 
trol of  the  sympathetic  system  of  nerves,  they  are  related  to  centres  in  the 
spinal  cord,  and  the  relation  is  the  most  direct  and  important  in  the  case  of 
the  organs  over  which  the  will  has  an  influence,  the  rectum  and  the  bladder. 
The  centres  for  these  are  in  the  lumbar  enlargement,  but  we  do  not  know 
their  exact  position.  They  are  probably  complex  reflex  centres.  We  can 
best  understand  their  action  by  studying  them  when  voluntary  influence  is 
lost. 

The  centre  for  the  sphincter  ani  is  the  more  simple,  but  the  system  of 
action  of  each  may  be  the  same.  In  the  wall  of  each  viscus  we  have  mus- 
cular fibres  to  expel  the  contents,  and  at  the  mouth  a  sphincter  arrangement 
to  prevent  their  continuous  evacuation.  Faeces  or  air  in  the  rectum,  and 
urine  in  the  bladder,  may  excite  the  lumbar  centre,  and  cause  two  effects 
—contraction  in  the  wall  and  relaxation  of  the  sphincter.  This  process 
can  be  controlled  by  the  will  to  a  considerable  extent,  although  we  are 
still  ignorant  of  the  precise  mode  in  which  the  voluntary  influence  is 
exerted.  But  if  the  volitional  path  in  the  cord  is  interrupted  above  the 
lumbar  centres,  the  will  can  no  longer  control  the  reflex  processes;  as  soon 
as  feces  irritate  the  rectum,  they  are  expelled  by  the  reflex  mechanism  ;  as 
soon  as  a  sufficient  quantity  of  urine  accumulates  in  the  bladder,  a  reflex 
contraction  of  the  detrusor,  and  relaxation  of  the  sphincter,  cause  its  escape. 
The  affection  of  the  voluntary  path  for  the  sphincters  is  not  always  propor- 
tioned to  that  for  the  legs.  If  the  damage  to  the  cord  involves  also  the 
sensory  tract,  the  patient  is  unconscious  of  the  action  of  the  bladder  or 
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The  vertical  lines  represent 


Tracings  of  the  Action  of  the  Sphincter  ani. 
seconds  of  time. 

i..  Effect  on  contraction  of  sphincter  of  the  injection  into  the  rectum  of  a 
small  quantity  of  air  at  #.  a,  Fall  in  pressure  due  to  the  inhibition  of 
the  contraction:  b,  rise  due  to  the  slowly  returning  contraction.  2. 
Effect  of  the  introduction  of  the  instrument.  a}  Sudden  rise  of  lever  at 
moment  of  introduction,  due  to  the  exposure  of  the  instrument  to  the 
pressure  of  the  sphincter  (the  top  of  this  line  represents  the  degree  of 
previous  contraction)  ;  b,  initial  rise  due  to  increased  contraction ;  c,  fall 
from  partial  inhibition ;  d,  subsequent  contraction,  rising  to  a  greater 
degree  than  the  initial  contraction,  and  subsequently  falling  slightly.  3. 
Effect  of  cough.  ay  Pressure  of  tonic  contraction  of  sphincter  (the  slight 
irregularities  are  due  to  pulse  waves) ;  b,  fall  in  pressure,  due  to  the 
movement  of  the  instrument  by  the  cough ;  ct  initial  contraction  ;  d, 
relaxation  of  inhibited  sphincter,  e,  e,  e,  rhythmical  variations  in  subse- 
quent rise.    {From  the  Proc.  Royal  Society,  1877.) 


bowel.     If  the  sensory  tract  is  unaffected,  the  patient  is  aware  of  the  pro- 
cess, but  cannot  control  it.    It  is  often  said  that  there  is  permanent  relaxation 

Fio.  74. 


of  the  sphincters,  but 
this  is  true  only  when 
the  lumbar  centres 
are  inactive  or  de- 
stroyed. In  this  con- 
dition, evacuation  oc- 
curs as  soon  as  faeces 
or  urine  enter  the 
bowel  or  rectum. 
The  urine  escapes 
continuously,  instead 
of  being  expelled  at 
intervals.  The  con- 
dition is  less  obvious 
in  the  case  of  the  rec- 
tum, because  there  is 
not  such  continuous 
passage  of  fasces  into 
the  rectum  as  there 
is  of  urine  into  the 
bladder.  We  may, 
however,  distinguish  between  the  two  states  of  the  rectum  by  the  intro- 
duction of  the  finger.  If  the  lumbar  centre  is  inactive,  there  is  a  moment- 
ary contraction,  due  to  local  stimulation  of  the  sphincter,  and  then  per- 
manent relaxation.  If,  however,  the  reflex  centre  and  motor  nerves  from 
it  are  intact,  the  introduction  of  the  finger  is  followed,  first  by  relaxation, 
and  then  by  gentle,  firm,  tonic  contraction.  I  have  verified  this  by  intro- 
ducing an  India-rubber  cylinder,  instead  of  the  finger,  and  registering  the 
pressure  on  the  cylinder  by  connecting  it  with  a  recording  apparatus.  The 
relaxation  is  then  found  to  be  preceded  by  a  very  slight  brief  contraction, 
and  to  be  followed  by  unbroken  tonic  contraction.  The  relaxation  may  also 
be  readily  produced  by  any  impression  on  the  mucous  membrane  above 
the  sphincter.     Fig.  74  shows  some  of  the  tracings  obtained. 

The  action  of  the  bladder  mechanism  can  be  best  understood  by  assum- 
ing that  the  motor  centre  really  consists  of  two  parts,  one  (ms,  Fig.  75) 
maintaining  the  contraction  of  the  sphincter,  the  other  (md)  exciting  the 
contraction  of  the  detrusor  fibres,  and  that  these  two  parts  are  antagonistic  ; 
when  one  acts  the  other  is  inhibited.  Thus,  in  normal  rest,  the  sphincter 
centre  is  active,  the  detrusor  at  rest.  Action  is  produced  by  an  afferent 
impulse  from  the  bladder  and  a  voluntary  impulse  from  the  brain.  Then 
the  detrusor  centre  acts,  and  the  sphincter  ceases  to  act.  If  voluntary 
power  is  impaired,  the  afferent  impulse  from  the  bladder  may  be  insufficient, 
and  then  there  is  retention,  or  in  other  cases  the  motor  centre  may  yield  too 
readily  to  the  afferent  impulse,  and  there  is  reflex  incontinence. 
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Although   no   other  part   of  the   alimentary   canal  is   under   voluntary 
influence,  all   parts   are   probably  related   to   the   spinal  cord,  by  means 

of  the   connection  between   the    sympathetic 
fig.  75.  system  and  the  nerve  roots.     Constipation  is 

extremely  common  in  disease  of  the  spinal  cord, . 
and  is  often  greater  than  can  be  accounted  for 
by  the  mere  loss  of  power  of  the  abdominal 
muscles.  The  pain  in  the  back  that  is  so  com- 
mon in  disease  of  the  stomach,  has  been  re- 
garded as  a  reflected  pain,  due  to  this  connec  ■ 

tion. 

The  uterine  functions  are  probably  indepen- 
dent of  the  cord  in  greater  degree  than  those 
of  any  other  organ  under  the  influence  of  the 
sympathetic.  The  function  of  menstruation 
goes  on  independently  of  cord  disease  and 
may  be  regular,  although  there  is  absolute 
arrest  of  all  conduction,  sensory  and  motor. 
Pregnancy  and  labor  may  proceed  in  normal 
course,  in  spite  of  such  disease  of  the  cord  as 
causes  complete  motor  paraplegia. 

Sexual  Functions. —The,  activity  of  the  sexual 

organs  depends  on  the  integrity  of  the  reflex 

W^tl7y%"rS%e™:  loop  to  and  from  a  special  centre,  also  situated 

in  the  lumbar  enlargement,  but  the  due  action 
of  this  centre  depends  on  cerebral  (psychical) 
as  well  as  on  reflex  influences.  Disease  of  the 
centre,  or  of  the  nerves  leading  to  or  from  it, 
abolishes  sexual  action.  The  sexual  reflex  is,  however,  one  of  the  cutaneous 
reflexes,  and  it  shares  the  condition  of  these  rather  than  of  the  muscle  reflex 
processes. 

The  centre  is  probably  double,  and  its  action  is  impaired  by  interference 
with  either  half.  When,  by  disease  higher  up,  the  connection  with  the 
psychical  centres  is  interrupted,  the  sexual  act  cannot  be  perfectly  per- 
formed. If  the  path  from  the  controlling  centre  (p.  146)  is  unimpaired, 
the  reflex  sexual  processes  are  not  in  excess,  and  may  even  be  diminished  ; 
but  if  the  path  from  this  controlling  centre  is  also  interrupted,  the  reflex 
sexual  processes  are  in  excess  like  the  other  superficial  reflexes,  and  priapism 
results.  If  the  reflex  centre,  or  connectingpaths,  are  partially  diseased,  the 
sexual  process  may  be  impaired  and  imperfect,  but  not  abolished. 

Vasomotor  Centres. — The  sympathetic  nerves  to  the  vessels  are  influ- 
enced from  the  spinal  cord.  We  have  no  definite  knowledge  of  the  posi- 
tion of  the  centres  or  paths  from  and  through  which  this  influence  is  exerted, 
but  some  facts  of  disease  suggest  that  the  centres  may  be  situated  in  the  in- 
termediate gray  matter.  The  action  of  the  vasomotor  nerves  may  be 
deranged  by  disease  of  the  cord.     It  is  probable  that  such  a  relation  exists 


Diagram  showing  probable  plan  of  the 
Centre  for  Micturition. 

mt,  Motor  tract,  st,  sensory  tract  in  the 
spinal  cord ;  MS,  centre,  and  ins, 
motor  nerve  for  sphincter ;  MD,  centre, 
and  mci,  motor  nerve  for  detrusor ;  s. 


bladder.  At  r,  the  condition  during  rest 
is  indicated,  the  sphincter  centre  in 
action,  the  detrusor  centre  not  acting. 
At  a,  the  condition  during  action  is 
indicated,  the  sphincter  centre  inhib- 
ited, the  detrusor  centre  acting.  . 
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between  all  parts  of  the  vasomotor  system  of  nerves  and  the  cord,  and  that 
the  relation  obtains  between  each  segment  of  the  cord  and  the  vascular 
nerves  to  the  corresponding  part  of  the  trunk  and  limbs.  This  derangement 
in  disease  may  take  a  part  in  the  production  of  the  changes  in  nutrition,  but 
it  is  probably  not  the  sole  mechanism  by  which  these  changes  are  produced. 
There  is  a  special  connection  between  the  sympathetic  and  the  cervical 
region  of  the  spinal  cord.  This  part  contains  the  path  to  the  visceral  nerves 
that  control  the  sugar-forming  functions  of  the  liver.  The  lower  part  of 
the  cervical  enlargement  contains  also  an  important  centre  which  controls 
the  sympathetic  nerves  for  the  vessels  of  the  head  and  face.  The  path  of 
central  influence  over  the  radiating  fibres  of  the  iris  passes  also  from  the 
region  of  the  third  ventricle,  down  the  cervical  cord,  by  the  lowest  cervical 
or  first  dorsal  nerve,  to  the  sympathetic,  and  then  ascends  the  cervical  trunk, 
and  passes  along  the  fibres  which  accompany  the  internal  carotid  artery  to 
the  ciliary  ganglion.  Fibres  also  pass  from  the  cervical  cord  to  the  sympa- 
thetic through  which  the  action  of  the  heart  is  accelerated. 

Mutual  Relation  of  the  Functions  of  the  Spinal  Cord. — It  may 

be  well  to  present,  in  the  form  of  a  table,  the  relation  of  the  several  func- 
tions of  the  cord,  motor,  sensory,  and  reflex,  as  far  as  our  knowledge  of 
these  relations  extends.  Many  points  are  still  uncertain  ;  these  have  been, 
for  the  most  part,  omitted.  The  table  does  not  need  any  detailed  explana- 
tion. It  is  merely  a  comparative  collection  of  the  facts  that  have  been 
stated  in  the  preceding  pages.  We  shall  find  the  value  of  this  collocation 
of  functions  when  we  consider  the  effects  of  transverse  lesions  of  the  cord 
at  different  levels. 
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TABLE  SHOWING  THE  APPROXIMATE  RELATION  TO  THE  SPINAL  NERVES  OF  THE 
VARIOUS  MOTOR,  SENSORY,  AND  REFLEX  FUNCTIONS  OF  THE  SPINAL  CORD. 
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SYMPTOMS  OF  DISEASE  OF  THE  SPINAL  CORD:    INDICATIONS-OF  THE 
SEAT  OF  THE  LESION :  ANATOMICAL  DIAGNOSIS. 

The  symptoms  of  disease  of  the  spinal  cord  consist  in  derangement  of 
its  various  functions ;  the  loss  of  some,  the  exaltation  and  perversion  of 
others.  We  have  already  considered  these  functions,  and  the  parts  of  the 
cord  by  which  they  are  subserved.  We  may  now  briefly  consider  the 
character  of  their  derangement  and  its  significance  in  regard  to  the  position 
of  the  disease.  The  combination  of  symptoms  indicates  the  seat  of  the 
lesion ;  we  infer  its  nature  from  their  mode  of  development,  and  other 
considerations,  which  will  be  subsequently  discussed.  It  is  always  import- 
ant to  keep  these  two  elements  of  the  diagnosis  distinct  in  the  mind. 

A  common  feature  of  the  symptoms  of  disease  of  the  spinal  cord  is  their 
bilateral  character.  This  depends  on  two  causes.  First,  the  structures  in 
each  half  of  the  spinal  cord  are  in  close  proximity,  and  any  random  process, 
such  as  inflammation  or  tumor,  readily  affects  both  halves.  Secondly,  mor- 
bid processes  that  commence  in  the  nerve  elements,  and  affect  them  accord- 
ing to  their  function  ("system  diseases  ")  usually  involve  the  corresponding 
"structures  of  the  two  sides.  Hence  the  characteristic  type  of  motor  palsy  is 
paraplegia.  The  vertical  extent  of  the  bilateral  symptoms  depends  on  the 
position  of  the  disease.  Here,  however,  we  must  distinguish  two  classes  of 
symptoms.  Those  which  depend  on  the  interruption  of  the  conducting 
path,  to  or  from  the  brain,  involve  the  whole  region  below  the  disease. 
Those  which  depend  on  damage  to  the  centres  in  the  cord,  are  present  only 
at  the  level  of  the  lesion. 

But  disease  of  the  cord  does  not  always  cause  bilateral  symptoms.  A 
random  process,  of  small  extent,  may  damage  one  side  only.  It  may  affect 
one  or  several  structures  on  one  side.  Such  a  process  never  affects  all  parts 
of  one  side  without  damaging,  in  some  degree,  the  other  side,  except  in 
very  rare  forms  of  traumatic  lesion.  Again,  "system  diseases,"  in  quite 
exceptional  cases,  are  limited  to  one  side,  and,  much  more  frequently,  they 
may  affect  one  side  earlier  and  more  than  the  other. 

Motor  Symptoms. — Loss  of  motor  power  results  from  interruption  of  the 
motor  path  in  any  part  of  its  intra-spinal  course, — pyramidal  tracts,  anterior 
gray  matter,  anterior  nerve  roots.  We  have  seen  that  the  path  may  be 
divided  into  two  segments,  upper  and  lower  (see  p.  130).  The  spinal  cord 
contains  a  considerable  portion  of  the  nerve  fibres  of  the  upper  segment, 
and  their  lower  termination  in  the  gray  matter,  but  only  the  commence- 
ment of  the  lower  segment,  the  motor  ganglion  cells,  and  root  fibres  pro- 
ceeding from  them.  The  chief  part  of  the  lower  segment  is  outside  the 
spine,  in  the  nerve  trunks.  So  far  as  the  loss  of  power  is  concerned,  the 
effect  is  the  same,  in  whatever  part  of  the  motor  path  the  interruption  is 
situated,  but  the  other  symptoms  that  accompany  the  loss  of  power  differ 
very  much  according  as  the  interruption  is  in  the  upper  or  lower  segment. 
The  lower  segment  influences  muscular  nutrition,  and  forms  part  of  the  path 
of  reflex  action.  Hence,  as  we  shall  presently  see,  the  muscles  wasteland 
10 
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reflex  action  is  lost,  when  this  is  diseased  ;  but  when  the  upper  segment  is 
damaged,  there  is  no  muscular  wasting,  and  reflex  action,  instead  of  being 
lost,  is  commonly  increased.  The  symptoms  produced  by  disease  of  either 
segment  are  essentially  the  same,  whatever  part  of  the  segment  is  diseased, 
whether  the  cell  at  the  upper  extremity,  the  fibre,  or  the  ramification  at  the 
lower  extremity  of  the  fibre.  If,  for  instance,  the  intra-muscular  nerve  end- 
ing is  paralyzed  by  curara,  the  symptoms  produced  are  the  same  as  if  the 
fibre  in  the  nerve  is  divided  or  the  cell  in  the  cord  is  destroyed.  Disease  of 
the  termination  of  the  upper  segment,  in  the  gray  matter  of  the  cord,  must, 
of  necessity,  produce  the  same  effect  as  disease  of  the  pyramidal  fibre  itself, 
or  the  cell  in  the  cerebral  cortex  from  which  the  fibre  springs.  We  shall 
afterward  see  that  this  consideration  has  very  important  applications. 

If  the  fibre  of  either  segment  is  divided,  it  degenerates  below  the  division, 
since  its  nutrition  depends  on  the  influence  of  the  cell  from  which  it  has 
sprung.  It  is  probable  that  the  nutritional  stability  of  the  fibre,  or  rather 
of  its  essential  element,  the  axis  cylinder,  becomes  less,  and  more  easily 
deranged,  the  greater  the  distance  from  the  parent  cell,  and  that  it  is  least 
in  the  terminal  ramification  of  each  segment.  This  may  be  the  reason  why' 
curara  acts  chiefly  on  the  intra-muscular  nerves.  If  this  is  true  of  the  upper 
segment,  many  facts  of  pathology  become  clearer  to  us. 

A  lesion  of  the  pyramidal  tract  causes  loss  of  power  in  all  parts  below  the 
level  of  the  disease,  that  is  to  say,  of  all  parts  the  fibres  for  which  are  inter- 
rupted. A  lesion  of  the  gray  matter,  or  of  the  anterior  roots,  causes  paraly- 
sis only  of  those  parts  which  are,  functionally,  on  the  level  of  the  lesion. 
The  two  mechanisms  often  coincide.  A  transverse  lesion  in  the  cervical  en- 
largement, for  instance,  may  cause  paralysis  of  the  arms  from  the  damage  to 
the  gray  matter  and  nerve  roots,  and  paralysis  of  the  legs  from  damage  to 
the  pyramidal  fibres.  The  disease  involves,  in  the  former  case,  the  com- 
mencement of  the  second  segment  of  the  motor  path  for  the  arms ;  in  the 
latter,  the  middle  of  the  upper  segment.  The  associations  of  the  paralysis 
differ  accordingly.  The  parts  affected  by  a  lesion  at  any  level  will  be  readily 
ascertained  by  an  examination  of  the  table  of  functions  on  p.  152. 

It  is  important  to  note  that  the  affection  of  motor  power  is  often  incom- 
plete. It  may  then  involve  one  set  of  muscles  more  than  another.  The 
flexors  or  the  extensors  may  be  chiefly  paralyzed.  In  disease  of  the  dorsal 
cord,  it  is  very  common  for  the  flexor  muscles  of  the  hip  and  knee  to  suffer 
more  than  the  extensors.  Why  this  should  be  we  do  not  know,  but  the  fact 
is  important,  because  considerable  weakness  of  the  flexors  of  the  knee  is 
readily  overlooked.  In  examining  motor  power,  each  set  of  muscles  should 
be  separately  tested. 

Motor  over-action ;  Spasm  is  frequent  in  disease  of  the  spinal  cord  and 
its  membranes.  In  the  latter  case  it  seems  to  be  the  result  of  direct  irrita- 
tion of  the  motor  structures.  In  some  acute  lesions  of  the  cord  itself,  spasm 
seems  to  have  a  similar  origin.  In  chronic  disease  the  mechanism  is  cer- 
tainly different,  and  apparently  depends  on  over-action  of  the  reflex  centres, 
due,  not  to  irritation,  but  to  deficient  control.     The  spasm  may  preponder- 
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ate  in  either  the  flexors  or  extensors,  so  that  the  legs,  when  rigid,  may  be 
drawn  up  or  straight  out.  The  flexor  spasm  seems  to  be  due  to  an  over- 
action  of  the  centres  for  cutaneous  reflex  action,  the  extensor  spasm  chiefly 
to  that  of  the  centres  for  muscle-reflex  action,  although  it  may  also  be  ex- 
cited by  a  cutaneous  impression.  The  latter  will  be  better  understood  when 
the  disturbance  of  this  form  of  reflex  action  has  been  described. 

Muscular  contractions,  shortening  of  muscles,  occur  in  three  different 
ways,  (i)  As  a  result  of  long-continued  irritation  of  motor  fibres,  chiefly 
of  those  of  the  nerve  roots.  This  form  has  been  already  described  and  illus- 
trated in  the  account  of  diseases  of  the  nerves  (p.  96,  Fig.  50).  (2)  From 
long-continued  spasm,  shortening  of  muscles  may  occur.  Usually  the  con- 
traction is  facilitated  by  weakness  of  the  opponents  or  by  posture.  It  is 
especially  common  in  the  flexors  of  hip  and  knee,  in  cases  in  which  flexor 
spasm  predominates,  and  in  the  extensors  of  the  ankle  when  there  is  exten- 
sor spasm.  The  last  is  aided  by  the  extended  position  of  the  foot  in  the 
recumbent  posture.  (3)  Whenever  one  group  of  muscles  is  much  more 
paralyzed  than  their  opponents,  the  latter  become  contracted,  although 
•spasm  is  absent.  Such  contraction  is  common  in  atrophic  spinal  paralysis, 
and  gives  rise  to  serious  deformities.  The  active  contraction  of  muscles  in 
all  these  forms  may  ultimately  result  in  actual  tissue  changes  in  them,  so 
that  they  cannot  be  passively  extended  except  by  the  application  of  great 
force.  This  condition  must  be  carefully  distinguished  from  active  con- 
tracture.* In  the  latter,  gentle  extension,  kept  up  for  a  few  minutes,  restores 
the  muscle  to  its  normal  length.  All  forms,  and  especially  the  first  two, 
begin  as  an  active  contracture,  and  it  ■  is  only  after  this  has  continued  for 
some  time  that  the  tissue  changes  occur,  which  prevent  extension.  In  the 
third  form,  however,  the  tissue  changes  develop  much  more  quickly  than  in 
the  second. 

Incoordination  of  movement,  although  a  motor  symptom  in  character,  is 
probably  sensory  in  origin.  It  occurs  chiefly  in  disease  of  the  posterior 
columns  and  posterior  nerve  fibres.  This  is  its  chief  significance.  It  has 
also  been  met  with  in  rare  cases  of  unilateral  lesion  of  the  cord.  Its  proba- 
ble mechanism  will  be  presently  mentioned,  and  will  be  discussed  more 
fully  in  the  account  of  locomotor  ataxy. 

Sensory  Symptoms. — Loss  of  sensation  is  a  .very  common  effect  of 
disease  of  the  spinal  cord.  It  may  be  total,  and  involve  all  forms  of  sensi- 
bility, or  partial  and  affect  only  some  forms.  The  statements  made  on  pp. 
29-34  regarding  impairment  of  sensation  generally,  and  the  method  of  ascer- 
taining it,  apply  to  that  which  results  from  cord  disease,  and  need  not  be 
here  repeated.  It  has  been  also  pointed  out  (p.  141)  that  loss  of  sensation 
occurs  less  readily  than  loss  of  motor  power,  so  that  it  is  common  for  com- 
plete muscular  paralysis  to  exist  with  intact  sensibility.     The  latter  may  be 

*  The  word  "  contracture  "  is  applied  to  persistent  shortening  of  a  muscle,  depending  on 
active  contraction  of  the  fibres,  and  not  on  tissue  changes. 
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impaired  by  disease  of  any  part  of  the  sensory  path, — posterior  roots,  prob- 
ably also  the  posterior  cornua  and  commissure,  or  the  conducting  tracts  in 
the  cord.  A  division  of  the  sensory  path  into  upper  and  lower  segments  is 
conceivable,  analogous  to  that  of  the  motor  path,  although  we  have  not  the 
same  clear  ground  for  the  distinction.  Disease  of  the  posterior  nerve  roots 
causes  loss  of  reflex  action  as  well  as  loss  of  sensation,  just  as  disease  of  the 
anterior  roots  interferes  with  the  reflex  action  as  well  as  with  motor  power. 
Interruption  of  the  sensory  conducting  tracts  higher  up  leaves  reflex  action 
unaffected.  A  focal  lesion,  such  as  transverse  myelitis,,  may  damage  both 
the  conducting  tracts  and  the  nerve  roots,  or  only  one  of  these.  Disease 
outside  the  cord,  compressing  it,  often  has  the  same  double  effect.  Hence 
it  is  important  to  test  sensation  at  the  level  of  the  lesion,  as  well  as  in  the 
parts  below.  Areas  of  ansesthesia  may  thus  be  found  on  the  trunk  when 
there  is  none  in  the  legs.  Considerable  disease  of  the  nerve  roots  outside 
the  cord,  may  impair  all  forms  of  sensibility,  although  slight  damage  may 
arrest  the  conduction  of  tactile  impressions,  and  not  those  of  pain,  which 
are  probably  more  energetic.  Disease  of  the  roots  within  the  cord  often 
causes  only  partial  loss,  probably  because  the  fibres  which  conduct  different 
impressions  have  a  different  course.  Disease  higher  up  the  cord  still  more 
frequently  causes  partial  loss ;  either  sensibility  to  pain  or  to  touch  may  be 
impaired.  That  to  temperature  is  rarely  affected  without  that  to  pain.  We 
do  not  yet  know  precisely  the  significance  of  the  special  form  of  loss.  It  is 
highly  probable,  however,  that  loss  of  sensibility  to  pain  is  produced  by  dis- 
ease of  the  antero-lateral  ascending  tract  (p.  142).  Future  observations 
must  determine  whether  loss  of  tactile  sensibility  can  be  regarded  as  evi- 
dence of  disease  of  any  part  of  the  posterior  columns. 

It  is  probable,  however,  that  disease  of  the  posterior  median  column  and 
cerebellar  tract  impairs  the  conduction  of  impressions  from  the  muscles, 
although  it  is  doubtful  to  what  extent  the  impressions  thus  conducted  influ- 
ence consciousness,  and  how  far  their  arrest  entails  a  distinct  sensory  loss. 
They  may  pass  up  to  the  cerebellum  and  influence  the  coordinating  function 
of  its  middle  lobe,  and  even  influence  indirectly  the  cerebral  processes  which 
subserve  conceptions  of  movement  and  posture,  without  giving  rise  to  any 
conscious  sensation.  At  the  same  time  it  is  certain  that  sensations  from  the 
muscles  may  influence  consciousness  directly,  as  the  pain  of  cramp  suf- 
ficiently shows.  The  sensory  muscle  nerves  are  apparently  influenced  by 
pressure  and  extension;  and  impressions  from  them,  determined  by  the 
adaptation  of  the  muscles  to  their  elongation  or  shortening  on  passive  or 
active  movement,  are  the  chief  elements  in  the  sense  of  posture.  The  meth- 
ods by  which  this  sense  can  be  tested  have  been  already  described  (p.  33). 
Its  loss  is  more  common  in  disease  of  the  nerves  or  nerve  roots  (as  in  tabes), 
than  in  disease  of  the  conducting  tracts,  but  is  often  very  marked  in  cases 
of  unilateral  lesion  of  the  cord  (see  p.  165)  and  then  exists  only  on  the  side 
of  the  lesion.  The  sense  of  posture  seems  to  be  impaired  more  readily,  and 
by  a  slighter  lesion,  than  the  sensitiveness  of  the  nerves  to  external  pressure 
or  extreme  contraction  of  the  fibres,  whether  that  of  cramp  or  produced  by 
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electricity.  The  impairment  of  the  function  of  these  nerves  seems  capable  of 
causing  incoordination  of  movement  (see  p.  166).  Perhaps  this  is  due  to 
the  interruption  of  the  fibres  that  go  to  the  cerebellum. 

Increased  sensitiveness,  hyperesthesia  and  hyperalgesia,  are  also  common 
in  disease  of  the  spinal  cord,  and  usually  depend  on  irritation  of  the  con- 
ducting fibres  in  some  part  of  the  path,  but  whether  the  irritation  produces 
the  effect  by  intensifying  the  impression  as  it  passes,  or  by  exalting  the 
irritability  of  the  related  part  of  the  cerebral  centre,  we  do  not  know.  The 
former  hypothesis  is  tenable,  since  the  phenomena  of  stimulation  of  nerves 
shows  that  their  axis  cylinders  have  some  power  of  transforming  other  forms 
of  energy  into  nerve  force,  i.  e.,  of  evolving  nerve  force,  and  therefore  of 
increasing  the  strength  of  that  which  passes  along  them. 

The  increased  sensation  may  be  felt  as  actual  pain,  or  as  "thrilling"  or 
"shock-like  sensations."  It  is  probable  that  the  latter  are  due  to  increased 
sensitiveness  of  the  nerves  of  tactile  sensibility.  When  there  is  an  extreme 
increase,  pain  may  be  produced  by  a  touch,  but  it  is  more  probable  that  the 
touch  stimulates  the  over-sensitive  nerves  of  common  sensibility,  than,  that 
actual  pain  is  produced  through  the  tactile  nerves.  Other  forms  of  altered 
sensibility  will  be  described  in  the  account  of  the  disease,  in  which  tbey 
occur. 

Pain,  referred  to  the  spine,  occasionally  present  in  organic  disease  of  the 
cord,  is  more  frequent  in  disease  originating  in  the  meninges  or  bones.  But 
the  frequency  with  which  spinal  pain  is  present  in  abdominal,  especially  gas- 
tric, disease,  and  in  neuralgic  affections,  lessens  its  diagnostic  value  when  it 
exists  alone.  Moreover,  in  cases  of  organic  disease,  pain  is  far  less  frequent 
when  the  disease  begins  in  the  cord,  than  when  it  commences  in  the  pro- 
tecting structures.  In  meningitis,  acute  or  chronic,  spinal  pain  is  frequent, 
and  in  organic  disease  of  the  bones  of  the  vertebral  column  it  is  an  almost 
constant  symptom,  and  is  combined  with  local  tenderness.  The  same  com- 
bination of  local  pain  and  tenderness  frequently  occurs  in  cases  of  neuralgic 
pain,  "  rachialgia, " — a  condition  that  is  often  loosely  termed  "  spinal  irrita- 
tion," especially  when  it  succeeds,  as  it  often  does,  concussion  of  the  spine. 
When  pain  about  the  spine  occurs  in  organic  disease  of  the  cord,  it  is  more 
often  referred  to  the  neighborhood  of  the  spine,  to  the  loins  or  the  sacrum, 
than  to  the  spinal  column  itself.  Such  pain  is  occasionally  an  early  symp- 
tom of  organic  disease,  but  its  origin  and  precise  significance  are  not  known. 

A  still  more  important  group  of  pains  are  those  which  are  referred  to  the 
parts  to  which  the  sensory  nerves  are  distributed,  and  have  hence  been 
termed  "  excentric  "  or  "  radiating  pains."  They  are  due  to  the  irritation 
of  the  posterior  nerve  roots  in  their  passage  through  the  intervertebral 
foramina,  through  the  membranes,  or  through  the*  posterior  columns  of  the 
cord.  Other  similar  pains,  usually  less  acute,  may  be  produced  by  irritation 
of  the  sensory  conducting  tract  higher  up  the  cord.  These  are  often  dull 
pains,  closely  resembling  rheumatism,  and  frequently  mistaken  for  rheuma- 
tism by  the  patients  themselves  and  their  medical  attendants.  The  mistake 
is  the  more  easily  made,  because  other  symptoms  suggestive  of  spinal  disease 
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may  be  inconspicuous,  and  the  rheumatoid  pains,  in  acute  cases,  may  be 
accompanied  by  febrile  symptoms,  and  in  chronic  cases  may  be  influenced  by 
weather,  being  much  more  troublesome  in  damp  and  cold  than  in  fine  and 
dry  weather.  In  all  cases,  persistent  rheumatic  pains  in  the  limbs  should 
suggest  the  possibility  of  spinal  disease,  and  watch  should  be  kept  for  such 
symptoms  as  local  loss  of  power,  or  alterations  in  reflex  action.  In  other 
cases,  especially  in  locomotor  ataxy,  the  pains  are  sharp  and  darting.  The 
position  in  which  the  various  radiating  pains  are  felt — legs,  trunk,  or  arms — 
depends  (when  the  nerve  roots  are  irritated)  upon  the  seat  of  the  disease — 
at  the  lumbar,  dorsal,  or  cervical  region  of  the  cord.  Occasionally  the 
irritation  is  felt,  not  as  a  sharp  pain,  but  as  a  painful  sense  of  tightness,  as 
if  a  band  were  tied  tightly  around  the  limb  or  trunk — the  "  girdle  pain," 
as  it  is  called.  When  there  is  transverse  damage  to  the  cord,  at  the  lowest 
part  of  the  healthy  region  there  is  a  state  of  irritation  of  the  sensory  nerves, 
and  this  irritation  (referred  to  the  nerve  endings)  causes  the  girdle  pain. 
When  the  nerve  roots  are  irritated  by  disease  of  the  vertebrae,  caries  or  can- 
cer, the  pain  is  sometimes  severe,  and,  in  cancer,  is  especially  increased  by 
movement. 

Spontaneous  sensations,  other  than  pain,. are  very  common  in  disease  of 
the  spinal  cord,  and  are  often  of  considerable  diagnostic  importance,  but 
suggestive  rather  of  the  presence  of  a  morbid  state  than  of  its  nature.  They 
may  present  many  varieties  of  character,  but  the  familiar  sensation  produced 
by  pressure  on  a  nerve  trunk,  when  the  part  is  said  to  be  "asleep,"  is  the 
most  common  and  the  most  significant.  It  may  occur  in  functional  dis- 
turbance of  the  cord  as  well  as  in  organic  disease.  It  no  doubt  depends  on 
over  action  of  the  sensory  structures,  but  it  has  no  special  significance  as  to 
the  locality  of  disease.  It  may  be  excited  by  contact  when  it  is  not  spon- 
taneous. The  still  vaguer  feeling  called  "  numbness  "  is  also  common,  and 
may  occur,  in  slight  degree,  in  diseases  of  which  all  other  symptoms  are 
purely  motor.  All  spontaneous  sensations  are  felt  most  in  the  extremities 
of  the  limbs,  on  the  palms  and  soles,  fingers  and  toes. 

Reflex  Action. — Loss  of  reflex  action  indicates  an  interruption  of  the  reflex 
arc  concerned.  This  interruption  may  be  anywhere  between  the  peripheral 
endings  of  the  motor  and  sensory  nerves,  and  thus  is  not  necessarily  within 
the  spinal  cord,  or  even  within  the  spinal  canal.  The  position  of  the  inter- 
ruption must  be  determined  by  the  associated  symptoms ;  if  it  is  in  the 
centripetal  portion  of  the  reflex  arc,  there  is  impairment  of  sensation,  since 
the  interruption  will  equally  arrest  conduction  to  the  brain.  If  it  is  in  the 
centrifugal  portion  of  the  arc,  there  is  a  corresponding  interruption  in  the 
path  of  the  voluntary  impulse,  and  loss  of  motor  power.  Moreover,  disease 
of  the  motor  centre  or  motor  nerves  causes  also  degeneration  of  the  nerves, 
and  wasting  of  the  muscles.  Disease  of  the  reflex  centre,  or  motor  nerves, 
usually  causes  loss  of  each  form  of  reflex  action,  but  partial  disease  of  the 
centripetal  path  may  impair  one  and  not  the  other,  may  abolish  the  muscle- 
reflex  action  (myotatic  irritability),   and  not  the  superficial  reflex  action, 
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since  the  sensory  nerves  for  the  two  are  distinct.,  coming  in  the  one  case 
from  the  muscles,  in  the  other  from  the  skin.  It  is  also  possible  that  partial 
disease  of  the  central  structures  within  the  cord  may  impair  one  and  not  the 
other,  but  we  have  at  present  no  evidence  of  the  difference  in  position  of 
the  lesion  that  would  cause  the  difference  in  effect.  It  is  important  to 
remember  that  loss  of  all  reflex  action  may  occur  as  a  transient  symptom, 
immediately  after  the  onset  of  an  acute  lesion  of  the  cord,  from  irritative 
inhibition,  and  that  loss  of  cutaneous  reflex  action  may  occur  as  a  persistent 
symptom  in  cases  of  brain  disease. 

Excess  of  reflex  action  is  also  very  common  in  disease  of  the  spinal  cord. 
It  implies,  of  necessity,  the  integrity  of  the  reflex  arc  concerned.  Each 
form  of  reflex  action  may  be  increased.  In  some  acute  diseases,  the  increase 
may  be  due  to  an  irritation  of  the  centres,  but  in  chronic  disease  it  is  appa- 
rently the  result  of  a  loss  of  control,  and  indicates  disease  between  the  centre 
concerned  and  the  brain.  We  have  already  considered  (p.  146)  the  prob- 
able mechanism,  and  have  seen  that  the  excess  of  the  muscle-reflex  action  is 
related  to  disease  of  the  pyramidal  fibres,  and  especially  to  the  degeneration 
or  altered  functional  condition  of  the  terminal  part  of  these  fibres,  within 
the  gray  matter,  adjacent  to  the  centres  concerned.*  This  is  the  signifi- 
cance of  considerable  excess.  Degeneration  of  the  terminal  portions  of  the 
fibres  is  commonly  secondary  to  degeneration  of  the  fibres  themselves.  It 
is  possible,  however,  that  the  termination  of  the  pyramidal  fibres  may  be 
affected  without  degeneration  of  the  fibres  themselves  in  the  lateral  column. 
(This  subject  will  be  further  considered  in  the  account  of  primary  spastic 
paraplegia.)  The  increase  of  reflex  action  is  chiefly  manifested  in  the  legs, 
in  which  reflex  action  is  normally  more  active  and  important  than  in  the  arms. 
The  increase  in  the  cutaneous  reflex  action  is  shown  by  its  occurrence  on 
a  slighter  stimulation  of  the  skin,  and  by  a  greater  degree  and  extent  of  the 
muscular  contractions  produced.  In  these,  the  flexors  usually  predominate, 
so  that  the  leg  is  drawn  up  in  a  strong  movement.  As  the  action  of  the 
sexual  organs  depends,  in  part,  on  superficial  reflex  processes,  priapism  is 
common  when  the  reflex  excess  is  great.  The  increase  of  the  muscle-reflex 
action  is  shown  by  an  increase  of  myotatic  irritability,  and  therefore  of  the 
so-called  "tendon  reflex  contractions," — the  increased  knee  jerk,  rectus 
clonus,  foot  clonus,   etc.      These  have  been   already  described  (pp.  35  et 


*  It  is  interesting  to  note  the  analogy  between  the  effects  of  degeneration  of  the  termina- 
tion of  the  two  segments  of  the  motor  path.  The  over-action,  increased  irritability,  of  the 
muscle-reflex  centres,  which  results  from  degeneration  of  the  termination  of  the  upper  seg- 
ment, presents  some  similarity  to  the  increased  irritability  of  the  muscular  fibres  which  results 
from  degeneration  of  the  termination  of  the  lower  segment.  The  analogy  must  not,  how- 
ever, be  overestimated,  since  the  altered  mode  of  response  to  electricity  of  the  muscular 
fibres,  and  wasting  of  the  muscles,  seem  to  show  an  abnormal  state  of  nutrition,  of  which  we 
have  no  indication  in  the  reflex  centres  of  the  cord — unless  it  be  in  the  slow  and  moderate 
muscular  wasting,  mentioned  in  the  next  section,  as  occurring  after  other  irritating  lesions  of 
the  pyramidal  fibres — a  wasting  which  indicates  a  slow  change  in  the  nutrition  of  the  gan- 
glion cells. 
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seq.).*  The  excess  of  this  myotatic  irritability  is  at  first  moderate  in  degree, 
and  slowly  increases.  A  high  degree  of  over-action  is  never  suddenly 
attained,  as  it  may  be  in  the  centres  for  superficial  reflex  action.  It  would 
seem  as  though,  in  the  centres  liberated  from  control,  a  sort  of  functional 
hypertrophy  occurs  ;  their  nutrition,  and  capacity  for  action,  responds  to  the 
increased  demand  upon  them. 

Reflex  Spasm. — We  have  seen  (p.  40)  that  the  muscular  state  on  which 
myotatic  irritability  depends,  assumed  to  be  due  to  a  muscle-reflex  action, 
is  probably  identical  with  physiological  tone.  Whenever  there  is  a  con- 
siderable increase  in  the  irritability,  there  is  a  tendency  to  tonic  extensor 
spasm,  which  is  probably  an  excessive  and  morbid  degree  of  the  normal 
tone.  At  first  there  is  merely  slight  stiffness  of  the  legs,  especially  felt  on 
waking  from  sleep ;  afterward  the  legs,'  when  extended,  become  distinctly 
stiff,  although  they  maybe  quite  supple  when  flexed.  If  gradually  extended, 
when  near  full  extension  the  spasm  suddenly  comes  on  and  completes  the 
movement,  as  the  blade  of  a  pocket  knife  moves  under  the  influence  of  the 
spring.  Hence  this  has  been  termed  "clasp-knife  rigidity."  Ultimately 
the  extensor  spasm  may  be  so  great  that,  when  it  occurs,  both  legs  are 
almost  as  rigid  as  an  iron  bar,  and  are  so  firmly  connected  with  the  pelvis, 
that  if  one  is  lifted  from  the  bed  the  other  is  moved  also.  Paroxysms  may 
be  brought  on  by  any  impression  on  the  sensory  nerves,  a  prick  on  the  skin, 
or  an  attempt  to  obtain  the  clonus.  The  extreme  spasm  prevents  any  clo- 
nus being  obtained,  and  it  may  be  necessary  to  flex  the  limb  before  an 
attempt  to  produce  the  clonus  is  successful.  As  violent  spasm  is  passing  off, 
however,  the  tension  of  the  muscles  may  alone  set  up  a  clonus,  so  that  the 
paroxysm  of  tonic  spasm  passes  into  clonic  spasm,  a  phenomenon  that  was 
termed  by  Brown-Sequard  "spinal  epilepsy,"  on  account  of  the  superficial 
resemblance  to  the  sequence  of  spasm  in  an  epileptic  fit.  This  clonic  spasm 
may  often  be  arrested  by  any  strong  painful  impression  on  the  sensory 
nerves,  a  pinch  of  the  skin,  or  painful  flexion  of  the  big  toe.  There  is 
always  much  weakness  of  the  legs,  when  there  is  much  spasm,  and  there  may 
be  complete  paralysis.  Hence  the  condition  has  been  termed  "spastic 
paraplegia."  It  is  probable  that  the  central  mechanisms  concerned  in  the 
production  of  this  spasm  are  those  concerned  in  the  reflex  act  of  standing. 
The  spasm  often  enables  a  patient  to  stand,  when  his  voluntary  power  is 
quite  insufficient  for  the  act.  The  extensor  spasm  may  be  varied  by  attacks 
of  flexor  spasm.     The  latter  are  especially  apt  to  come  on  during  sleep. 

Vasomotor  and  Trophic  Disturbance.—  Changes  in  Nutrition.— 
Considerable  wasting  of  the  muscles  indicates  disease  of  the  motor  nerve 

*  In  addition  to  the  phenomena  there  described,  Morris  Lewis  has  pointed  out  that  a  simi- 
lar contraction  in  the  muscles  of  mastication  can  be  obtained  by  striking  the  chin  when  the 
mouth  is  open,  and  that  this  contraction  may  be  excessive  when  there  is  a  general  increase 
of  these  phenomena.  Lewis  called  it  the  "  chin  reflex  "  (Philadelphia  Med.  and  Surg. 
Reporter,  May,  1886).  It  has  also  been  described  by  Beevor  {Brain,  Jan.,  1886).  De  Watte- 
ville  {lb.)  proposes  for  it  the  name  of  "jaw  jerk." 


SYMPTOMS.  161 

cells  or  of  the  nerve  fibres  proceeding  from  these  cells.  If  the  disease  is  acute, 
there  is  rapid  degeneration  of  the  nerves,  with  the  reaction  of  degeneration 
—loss  of  faradaic  irritability  of  the  nerves,  both  within  the  muscles  and  out- 
side them,  with  preservation  of  the  voltaic  irritability  of  the  muscular  fibres 
■themselves  (see  p.  66).  The  wasting  in  these  cases  is  always  great,  and  there 
is  always  loss  of  reflex  action.  Occasionally  some  fibres  of  the  nerve  and 
muscle  suffer  and  others  do  not,  causing  the  middle  or  mixed  form  of  reac- 
tion (see  p.  45).  In  other  cases  of  disease  of  the  spinal  cord,  however, 
there  is  a  slighter  degree  of  wasting  of  the  muscles ;  there  is  no  loss  of  irri- 
tability in  the  nerves  ;  the  irritability  may  be  slightly  increased  or  lessened, 
but  is  changed  in  the  same  way  to  each  form  of  electricity.  In  this  condi- 
tion there  is  no  loss  of  reflex  action.  The  change  is  apparently  the  result  of 
a  peculiar  alteration  in  the  nutrition  of  the  nerve  cells.  It  is  usually  the 
effect  of  an  irritative  degeneration  of  the  pyramidal  fibres. 

The  changes  in  the  nutrition  of  the  skin,  if  slight  and  chronic,  resemble 
those  produced  by  disease  of  the  nerves  (see  p.  72),  and  suggest  disease  of 
the  posterior  roots.  Sometimes,  however,  these  changes  are  more  acute  than 
is  ever  seen  in  disease  of  the  nerves.  Very  slight  pressure,  continued  for  a 
few  hours,  causes  vesication,  and  even  sloughing  of  the  skin.  Sometimes 
bullae  form  where  there  has  been  no  pressure.  Occasionally,  there  is  inflam- 
mation of  the  joints.  Such  intense  changes  are  only  met  with  when  the 
morbid  process  in  the  cord  is  irritative  in  its  character.  The  points  on 
which  sloughing  occurs  with  greatest  readiness  are  the  heel,  over  the  malle- 
oli, the  trochanters,  and  the  sacrum.  The  sacral  position  of  the  bedsores  in 
paraplegia  constitutes  a  difference  from  those  which  occur  in  hemiplegia, 
which  form  over  the  gluteal  region  on  the  paralyzed  side. 

Vasomotor  disturbance  is  common  in  slight  degree,  irrespective  of  the  seat 
of  the  disease,  but,  like  the  trophic  changes,  which  probably  depend,  in 
some  degree,  upon  it,  it  is  always  most  intense  in  irritative  lesions  of  the 
.cord.  The  slighter  and  common  degree  consists  merely  in  increased 
warmth  of  the  limb  in  the  early  stages,  with  increased  redness,  while,  at  a 
later  period,  the  limbs  are  colder,  paler,  and  often  livid  at  the  extremes.  In 
rare  cases  intense  flushing  of  the  skin  has  been  observed.  This  has  been 
seen  chiefly  in  cases  of  disease  of  the  intermediate  gray  matter.  In  the  same 
class  of  cases  copious  and  long-continued  perspiration  sometimes  occurs. 
When  the  disease  is  in  the  lower  cervical  region,  the  flushing  and  perspira- 
tion involve  the  face  and  head. 

Disease  of  the  cervical  cord  or  nerves  is  sometimes  attended  by  a  change 
in  the  pupil,  usually  one-sided.  There  may  be  contraction,  from  paralysis 
of  the  radiating  fibres  (the  sympathetic  supply  of  which  is  ultimately  derived 
from  the  cord),  or  there  may  be  persistent  dilatation  from  irritation  of  the 
fibres.  The  double  myosis,  so  common  in  some  degenerative  diseases  of  the 
cord,  is  probably  not  due  to  the  latter,  but  is  the  result  of  simultaneous 
degeneration  of  part  of  the  nucleus  of  the  third  nerve. 

The  frequency  of  the  heart's  action  is  often  permanently  increased  in  loco- 
motor ataxy,  but  we  do  not  know  by  what   mechanism.     In  disease  of  the 
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cervical  cord  (perhaps  also  in  that  of  the  cervical  nerve  roots)  the  heart  may 
be  slowed  to  forty,  thirty,  or  twenty  beats  per  minute,  usually  only  for  a 
time.  The  effect  may  perhaps  be  due  to  a  loss  of  the  influence  of  the 
nerves  which,  when  stimulated,  quicken  the  heart,  or  it  may  be  produced 
by  an  indirect  upward  influence  on  the  centre  for  the  vagus. 

Visceral  and  Other  Disturbances. — Various  disturbances  in  the 
alimentary  canal  occur  in  disease  of  the  spinal  cord,  and  are  no  doubt  due 
to  the  fact  that  the  sympathetic  nerves  immediately  controlling  the  canal  are 
under  the  influence  of  the  spinal  cord,  and  may  be  excited  to  abnormal 
action  by  its  irritation,  or  may  underact  when  its  influence  is  lessened.  Thus 
difficulty  of  .deglutition  is  observed  in  some  cases  of  acute  disease  of  the 
upper  cervical  cord.  Vomiting  occurs  also  in  disease  of  the  same  part, 
especially  in  fracture  of  the  cervical  vertebrae,  and,  in  paroxysmal  form, 
attends  some  cases  of  chronic  disease.  Constipation  is  extremely  common 
in  disease  of  the  cord  above  the  lumbar  enlargement. 

Paralysis  of  the  Sphincters. — Incontinence  of  urine  and  fasces  may  be 
due  to  disease  of  the  centres  that  control  the  action  of  the  sphincter  ani  and 
the  muscular  mechanism  of  the  bladder  respectively,  or  it  may  be  due 
merely  to  disease  of  the  path  (probably  the  pyramidal  tract)  through  which 
voluntary  control  is  exerted.  In  the  latter  case  the  sphincter  ani  acts  in  an 
automatic  reflex  manner,  as  already  explained.  If  the  finger  is  introduced 
within  it,  the  initial  relaxation  is  felt  to  be  succeeded  by  a  firm  tonic  con- 
traction. This  proves  that  the  anal  centre  in  the  lumbar  enlargement,  and 
the  nerves  proceeding  from  it,  are  intact.  If  this  centre  is  destroyed,  or  the 
nerves  interrupted,  no  tonic  contraction  can  be  felt ;  there  is  complete  and 
persistent  relaxation.  The  sphincter  of  the  bladder  is  not  accessible  to  such 
direct  examination,  and  the  mechanism  seems  to  be  more  complex,  but  we 
may  distinguish  conditions  corresponding  to  those  of  the  rectum.  If  the 
lumbar  centre  is  destroyed  the  sphincter  is  permanently  relaxed;  urine, 
dribbles  out  of  the  bladder  as  fast  as  it  enters  it;  there  is  simple  inconti- 
nence. If  there  is  an  interruption  of  the  voluntary  path,  the  sphincter  may 
act  automatically ;  when  a  certain  amount  of  urine  has  collected  in  the 
bladder  it  excites  the  muscular  fibres  in  the  wall  to  contract ;  the  sphincter 
relaxes,  and  the  urine  escapes  ;  there  is  intermittent  incontinence.  In  this 
condition  the  mechanism  is  excited  to  action  by  any  pressure  on  the  bladder  ; 
a  movement,  or  the  act  of  coughing,. will  make  the  urine  come  away.  But 
the  muscle  of  the  wall  of  the  bladder  is  indirectly  under  the  influence  of  the 
will;  when  the  sphincter  is  voluntarily  relaxed  the  detrusor  fibres  in  the  wall 
contract.  Loss  of  voluntary  power  seems  to  lead  to  weakness  in  the  wall  of  the 
bladder,  so  that  the  bladder  is  never  perfectly  emptied,  and  ultimately  the 
detrusorcannot  contract  to  expel  the  urine,  even  when  thesphincter  is  relaxed. 
Hence  retention  of  urine  occurs.  When  a  certain  degree  of  distention  of 
the  bladder  is  attained,  the  pressure  becomes  sufficient  to  force  the  urine 
out,  whenever  the  sphincter  relaxes,  and  such  relaxation  is  continually 
occurring  under  the  high  pressure  that  is  continually  renewed  in  consequence 
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of  the  flow  from  the  kidneys.  Hence  incontinence  results—"  overflow 
incontinence."  It  is  important,  if  the  urine  comes  away  involuntarily,  to 
ascertain  which  form  of  incontinence  exists  ;  since  overflow  incontinence, 
and  the  retention  it  indicates,  have  much  graver  consequences  than  simple 
incontinence.  The  permanent  distention  of  the  bladder  constitutes  a  per- 
manent hindrance  to  the  flow  of  urine  from  the  kidneys,  and  serious  kidney 
disease  may  result.  This  is  a  not  uncommon  cause  of  death  in  spinal  dis- 
ease. Moreover,  whenever  the  bladder  is  habitually  emptied  imperfectly, 
decomposition  is  apt  to  occur  in  the  residual  urine.  The  decomposition  is 
often  aided  by  the  lessened  acidity,  or  even  actual  alkalinity,  of  the  urine. 
This  change  in  the  composition  of  the  urine  excites  inflammation  of  the 
bladder ;  pus  is  formed  by  the  mucous  membrane,  and  this,  in  its  turn, 
increases  the  decomposition  of  the  urine.  The  damage  to  the  kidneys,  by 
the  hindrance  to  the  flow  of  urine  from  them,  may  be  increased  by  inflam- 
mation ascending  the  ureters  from  the  bladder. 

Pyrexia. — The  general  body  heat  is  sometimes  changed  in  disease  of  the 
cord  apart  from  the  influence  of  the  kind  of  lesion.  Disease  of  the  upper 
cervical  cord,  like  that  of  the  medulla,  sometimes  causes  hyperpyrexia,  and 
this  may  also  result  from  acute  central  lesions  that  occupy  a  considerable 
vertical  extent,  such  as  a  central  hemorrhage. 

Convulsions. — Lastly,  convulsive  attacks  have  been  known  to  attend  the 
onset  of  acute  lesions  in  various  parts  of  the  cord,  in  adults  as  well  as  in 
children.  They  are  most  frequent  in  disease  of  the  cervical  cord,  but  I 
have  known  a  convulsion  to  occur  at  the  onset  of  myelitis  in  the  lower  dor- 
sal region.  The  convulsions  are  general.  Their  mechanism  is  unknown, 
but  in  connection  with  them  the  readiness  with  which  hemisection  of  the 
cord  renders  a  guinea-pig  epileptic  may  be  borne  in  mind. 

Combination  of  Symptoms. — Certain  symptoms  are  frequently  com- 
bined, and  their  combination  has  a  definite  localizing  significance.  Loss  of 
motor  power  occurs  in  two  different  associations,  according  to  the  position 
of  its  cause  in  the  motor  path.  It  may  be  combined  with  muscular  wasting, 
loss  of  electric  irritability,  and  loss  of  all  reflex  action.  In  this  case  the  dis- 
ease is  in  the  anterior  cornua  or  nerve  roots,  the  lower  segment  of  the  motor 
path.  On  the  other  hand,  there  may  be  no  wasting,  no  change  in  irrita- 
bility, and,  instead  of  a  loss  of  reflex  action,  the  myotatic  irritability 
is  increased.  The  interruption  of  the  motor  path  is  then  in  the  upper 
segment,  usually  in  the  pyramidal  tracts.  It  may  be  a  focal  lesion  of  the 
cord,  or  a  primary  degeneration  of  the  tracts.  The  distinction  is  that,  in 
the  latter  case,  there  is  nothing  more  than  the  muscular  weakness  and  in- 
creased myotatic  irritability.  In  the  former  case  there  are,  or  have  been,  in- 
dications that  the  lesion  has  extended  beyond  the  purely  motor  elements. 

The  symptoms  caused  by  disease  of  the  several  elements  of  the  cord  have 
now  been  described,  but  it  is  necessary  to  consider  further  the  combination 
of  symptoms  that  results  from  a  total  transverse  lesion  of  the  cord,  and  from 
a  unilateral  lesion. 
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A  total  transverse  lesion,  however  limited  in  vertical  extent,  separates  from 
the  brain  all  parts  below  the  lesion,  and  hence,  so  far  as  will  and  perception 
are  concerned,  it  produces  the  same  effect  as  if  the  whole  of  the  cord  below 
the  lesion  were  destroyed.  A  section  across  the  cord  in  the  middle  of  the 
cervical  enlargement,  for  instance,  abolishes  motion  and  sensation  in  all 
parts  below  the  distribution  of  the  cervical  plexus  and  the  phrenic  nerve. 
Hence  the  extent  of  the  motor  and  sensory  paralysis  indicates  only  the  up- 
ward limit  of  the  lesion.  This  is  also  indicated  by  the  position  of  the  gir- 
dle pain,  and  radiating  pains,  or  zone  of  hypersesthesia,  which  are  due  to 
the  irritation  of  the  sensory  nerves  in  the  lowest  part  of  the  upper  segment. 
It  is  desirable  to  know  the  symptoms  that  occur  when  a  transverse  lesion  is 
at  different  heights  in  the  spinal  cord.  They  may  readily  be  ascertained  by 
an  examination  of  the  table  given  at  p.  152.  There  is,  however,  some  un- 
certainty as  to  the  effect  on  sensation  in  the  limbs,  of  disease  at  different 
parts  of  the  lumbar  and  cervical  enlargements,  since,  as  we  have  seen,  the 
exact  representation  of  sensation  in  the  cord  is  still  uncertain. 

The  upper  limit  of  the  lesion  is  shown  by  the  upward  extent  of  the  motor 
and  sensory  loss,  according  to  the  first  three  columns.  The  lowest  nerves 
supply  the  anus  and  perineum.  Those  that  supply  the  skin  and  muscles  of 
the  leg  and  foot  arise  from  the  fourth  lumbar  to  the  third  sacral  segments, 
and  are  damaged  by  a  lesion  involving  the  lower  part  of  the  lumbar  enlarge- 
ment. We  must,  however,  remember  that  the  skin  of  the  inner  part  of  the 
leg  is  not  supplied  from  the  sacral  nerves,  and  so  may  escape  when  the 
outer  part  of  the  leg  and  back  of  the  thigh  haye  lost  sensation.  In  the 
middle  of  the  lumbar  enlargement  the  nerves  arise  which  enter  the  lumbo- 
sacral cord,  and  these  are  probably  destined  for  the  flexors  of  the  knee,  and 
for  the  hip  muscles  supplied  by  the  sacral  plexus,  the  glutei,  quadratus,  and 
gemelli,  and  for  the  skin  of  the  lower  part  of  the  gluteal  region.  These 
parts  then  will  be  paralyzed  by  disease  in  the  middle  of  the  lumbar  enlarge- 
ment, while  the  muscles  and  skin  in  front  of  the  thigh  are  unaffected.  The 
latter  suffer  when'  the  disease  affects  the  upper  part  of  the  lumbar  enlarge- 
ment, the  origin  of  the  anterior  crural  (rectus,  etc.),  and  obturator  (adduc- 
tors).' The  skin  on  the  upper  and  outer  parts  of  the  thigh  loses  sensibility, 
with  the  part  adjacent  to  the  scrotum,  and  in  the  groin,  only  when  the  dis- 
ease damages  the  highest  part  of  the  lumbar  enlargement,  from  which  the 
second  and  third  lumbar  nerves  arise,  and  then  the  flexors  of  the  hip  become 
paralyzed.  In  proportion  as  the  disease  is  higher  in  the  dorsal  region,  we 
have  the  symptoms  ascending  higher  up  the  trunk,  and  marking  accurately 
the  height  of  the  lesion  by  the  loss  of  cutaneous  sensibility,  and  by  the  im- 
pairment— first,  of  the  abdominal  muscles,  and  then  of  the  intercostal  mus- 
cles. The  umbilicus  corresponds  to  the  tenth  dorsal  nerves,  and  the  ensi- 
form  area  to  the  sixth  and  seventh.  When  the  disease  reaches  the  lowest 
part  of  the  cervical  enlargement  (the  first  dorsal  nerves),  we  have  the  first 
symptoms  in  the  upper  extremity  ;  but  these  are  not,  as  might  be  expected, 
in  the  muscles  moving  the  shoulder  joint,  but  in  the  hand.  The  first  numb- 
ness is  complained  of  in  the  little  finger,  and  the  first  weakness  is  in  the 
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intrinsic  muscles  of  the  hand.  Ascending  higher,  the  symptoms  pass  up 
the  arm  with  some  uniformity,  and  without  respect  to  nerve  distribution. 
When  the  middle  of  the  cervical  enlargement  is  reached  (the  fifth,  sixth, 
seventh  ceryical),  the  shoulder  muscles  and  the  serratus  magnus  become  para- 
lyzed, and  there  is  general  loss  of  power  and  sensation.  (For  details  see 
table,  p.  152,  and  also  p.  139.)  Above  the  level  of  the  sixth  pair,  the 
trapezius  and  sterno-mastoid  become  somewhat  weakened,  for  the  fibres  of 
the  spinal  accessory  which  supply  them  undoubtedly  arise  in  part  from  this 
region  of  the  cord.  At  the  fourth  and  fifth  cervical  the  lower  part  of  the 
neck  becomes  anaesthetic,  and  the  diaphragm  ceases  to  act.  Here  our 
localization  might  cease,  for  total  transverse  lesions  at  this  spot  necessarily 
cause  death.  For  a  little  time  the  sterno-mastoids  and  scaleni  can  still  get 
some  air  into  the  chest,  rarely  in  sufficient  amount  to  maintain  life  for  more 
than  a  few  days.  But  limited  lesions  may  occur  higher  up,  and  then  we 
have  complete  powerlessness  of  the  muscles  moving  the  head,  upper  part  of 
trapezius  and  sterno-mastoid,  and  other  muscles  attached  to  the  occipital 
bone,  and  interference  with  sensation  in  the  neck  and  parts  of  the  head, 
which  are  not  supplied  by  the  fifth  nerve. 

The  extent  downward  of  the  lesion,  its  vertical  extent,  is  thus  not  indi- 
cated by  the  impairment  of  the  conducting  functions,  by  the  motor  or  sen- 
sory paralysis  ;  to  ascertain  it  we  have  to  examine  the  functions  of  the  cord 
as  a  central  organ,  and  to  ascertain  how  far  they  are  impaired  in  the  para- 
lyzed region — to  examine  especially  muscular  nutrition  and  reflex  action. 
The  state  of  muscular  nutrition  and  irritability  indicates  how  far  the  anterior 
cornua  are  injured.  The  relation  of  the  several  groups  of  muscles  to  the 
cord  "is  shown  in  the  first  column  of  the  table.  The  integrity  of  reflex 
action  indicates  the  integrity  of  the  reflex  loops,  and  the  study  of  the  super- 
ficial reflexes  of  the  trunk  is  especially  instructive  in  this  respect.  The 
series  of  reflexes,  and  the  relation  of  each  to  the  cord,  are  shown  in  the 
third  column  of  the  table ;  the  myotatic  contractions  are  printed  in  italics 
in  the  position  which  corresponds  to  the  centres  and  nerve  roots  which  are 
essential  for  their  production.  Excess  of  superficial  reflex  action  indicates 
withdrawal  of  the  cerebral  controlling  influence  of  the  reflex  centres,  and 
marked  excess  of  the  muscle  reflexes  suggests  the  existence  of  a  descending 
degeneration  in  the  lateral  columns,  since  it  implies  impaired  function  of  the 
lowest  part  of  the  pyramidal  tracts. 

Unilateral  lesions  interrupt  the  motor  path  to  the  muscles  on  the  same 
side  as  the  lesion,  causing  one-sided  palsy,  termed  "spinal  hemiplegia" 
when  the  disease  is  so  high  as  to  affect  both  arm  and  leg,  "  hemi-paraplegia" 
when  it  is  lower,  and  affects  one  leg  only.  There  is  often  some  loss  of 
power  on  the  opposite  side,  which  may  be  due  either  to  slighter  damage  to 
the  other  side  of  the  cord  (since  few  lesions  are  strictly  unilateral)  or  to 
damage  to  non-decussating  pyramidal  fibres.  Conversely,  the  paralysis  of 
the  leg  may  be  incomplete  when  that  of  the  arm  is  complete,  owing  to  the 
escape  of  the  fibres  for  the  leg  which  cross  lower  down  the  cord.  Sensation 
is  affected  on  the  opposite  side,  but  not  quite  up  to  the  level  of  the  lesion, 
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because  the  decussation  of  the  sensory  tract  is  not  immediate,  but  occurs 
somewhat  above  the  entrance  of  the  nerves.  The  upper  level  may  vary  for 
different  forms  of  sensibility,  in  consequence  probably  of  the  level  of  cross- 
ing (in  relation  to  entrance)  being  different  for  the  several  paths.  A  lesion 
in  one  side  of  the  lumbar  enlargement  often  affects  sensation  on  the  same 
side  as  motion,  because  it  damages  the  sensory  path  before  it  has  crossed. 
In  all  cases  of  crossed  motor  and  sensory  paralysis,  the  sensibility  of  the 
muscles  differs  from  the  other  forms  of  sensibility,  and  if  it  is  affected  on  one 
side,  this  is  the  side  of  the  motor  palsy  and  not  of  the  cutaneous  anaesthesia.* 

The  crossed  affection  of  cutaneous  sensibility  may  involve  all  forms  of 
sensation,  or  only  some  of  them.  Sensibility  to  pain  is  almost  invariably 
impaired.  The  temperature  sense  is  usually  affected  with  that  for  pain  ;  in 
only  two  of  twenty  recorded  cases  (in  which  the  affection  of  sensibility  was 
carefully  noted)  was  the  sense  of  temperature  normal,  and  that  of  pain 
impaired,  and  in  neither  of  these  cases  was  the  sensibility  to  pain  actually 
lost.  On  the  other  hand,  in  one-third  of  the  cases  tactile  sensibility  was 
unaffected  and  in  about  one-tenth  of  the  cases  it  has  been  impaired  on  both 
sides. 

Cutaneous  sensibility  is  sometimes  impaired  in  a  zone  at  the  level  of  the 
lesion,  and  on  the  same  side,  in  consequence  of  the  damage  to  the  nerve 
roots  entering  the  cord,  and  above  this  there  may  be  a  narrow  band  of 
hyperesthesia  from  irritation  of  the  roots  at  the  upper  part  of  the  lesion. 
On  the  side  of  the  lesion,  below  the  anaesthetic  zone,  there  is,  in  most 
cases,  a  remarkable  hyperaesthesia,  corresponding  in  distribution  with  the 
anaesthesia  on  the  opposite  side.  Painful  impressions  are  felt  most  acutely, 
and  even  a  touch  on  the  skin,  or  warm  or  cold  bodies,  produce  pain.  The 
cause  of  this  hyperaesthesia  is  obscure.  Both  it  and  the  opposite  loss  of 
sensibility  may  last  for  twenty  years,  and  it  cannot  be  ascribed  therefore  to 
any  irritation  by  the  morbid  process.  It  is  perhaps  due  to  an  altered  action 
of  the  cerebral  centres,  on  the  opposite  side  of  the  brain.  There  is  much 
evidence  of  an  intimate  connection  between  the  sensory  centres  on  the  two- 
sides,  and  it  is  conceivable  that  the  altered  functional  state  of  the  centre  on 
the  side  of  the  lesion,  to  which  impressions  cease  to  come,  may  induce  in 
the  opposite  hemisphere  a  condition  expressed  as  hyperaesthesia.  The  con- 
dition may  be  thought  of  in  relation  to  the  peculiar  phenomena  of  transfer 
in  hysterical  hemianaesthesia. 

*  This  was  first  pointed  out  by  Brown-Sequard  in  his  important  study  of  these  cases. 
Scepticism  has  been  expressed  as  to  the  fact,  based  on  a  denial  that  the  test  commonly  em- 
ployed, recognition  of  posture,  is  significant.  Experiments  on  animals,  even  monkeys,  are- 
inconclusive,  but  the  evidence  from  cases  in  man  is  very  strong,  not  only  of  the  occurrence 
of  the  loss,  but  of  the  significance  of  the  test.  In  some  cases,  moreover,  the  muscles  were 
insensitive  to  pressure.  An  instance  recently  reported  is  the  following :  A  stab  in  the  dor- 
sal region  caused  loss  of  cutaneous  sensibility  in  the  right  leg  and  motor  palsy  in  the  left.. 
On  this  left  side,  on  which  cutaneous  sensibility  was  normal,  the  sense  of  posture  was  abso- 
lutely lost,  while  it  was  present  on  the  right  side,  on  which  cutaneous  sensibility  was  im- 
paired. The  patient  often  thought  the  left  leg  was  flexed  when  it  was  extended.  Ultimately 
this  leg  presented  distinct  ataxy.     (Gilbert,  Arch,  de  Neurologic,  /SSz,  p  275.) 
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Reflex  action  is  increased  in  all  its  forms  on  the  side  of  the  lesion,  but 
the  increase  only  occurs  after  some  days.  At  first  it  is  lessened  or  even 
abolished,  no  doubt  from  the  inhibitory  influence  of  the  irritation  of  the 
morbid  process. 

The  side  below  the  lesion  is  at  first,  for  some  days  or  even  weeks,  warmer 
than  the  other,  the  difference  being  usually  about  a  degree  Fahrenheit.  In 
the  course  of  time  this  difference  passes  away  and  the  side  may  even  be 
colder  than  the  other. 

These  symptoms  may  be  shown  in  the  form  of  a  table : — 


Zone  of  cutaneous  hyperesthesia. 
Zone  of  cutaneous  anaesthesia. 


Motor  palsy. 

Hyperesthesia  of  skin. 

Muscular  sense  impaired. 

Reflex  action  first  lessened,  then  increased. 

Temperature  raised. 


Muscular  power  normal. 

Loss  of  sensibility  of  skin. 

Muscular  sense  normal. 

Reflex  action  normal. 

Temperature  same  as  that  above  lesion. 


The  vertical  distribution  of  the  symptoms  varies  according  to  the  vertical 
position  of  the  lesion.  Their  relations  are  best  marked  when  the  lesion  is 
in  the  dorsal  region  of  the  spinal  cord.  When  it  is  in  the  cervical  or 
lumbar  enlargement  the  upper  limit  is  less  distinct  because  of  the  complex 
representation  of  skin  and  muscle  in  the  nerve  roots. 


GENERAL  PATHOLOGY  AND  ETIOLOGY :  INDICATIONS  OF  THE  NATURE 
OF  THE  LESION :  PATHOLOGICAL  DIAGNOSIS. 

The  kinds  of  disease  to  which  the  spinal  cord  is  liable  are  not  specifically 
numerous,  but  those  which  are  common  present  several  varieties.  The  pro- 
cesses are  congestion  and  anaemia,  hemorrhage,  inflammation,  degeneration 
and  growths.  Hemorrhage  and  growths  are,  on  the  whole,  rare.  Con- 
gestion and  anaemia  play  an  uncertain  part  in  the  production  of  symptoms ; 
their  influence  has  been  certainly  overrated  by  some  writers,  and  perhaps 
under-estimated  by  others.  The  most  frequent  lesions  are  inflammation  and 
degeneration.  These  two  processes,  distinct  in  their  typical  forms,  blend  in 
their  intermediate  varieties.  Inflammation  varies  much  in  character  and 
course.  Its  effects  are,  in  some  cases,  produced  with  great  rapidity,  in 
other  cases  with  extreme  slowness.  It  probably  commences  in  most 
instances  outside  the  nerve  elements,  which  are  secondarily  involved.  Per- 
haps some  acute  processes  in  the  nerve  elements  themselves  are  most  accu- 
rately regarded  as  a  parenchymatous  inflammation.  Degeneration  consists 
of  two  processes,  a  wasting  of  the  nerve  structures,  cells  and  fibres,  and  an 
overgrowth  of  the  connective-tissue  elements.  The  latter  leads  to  the  con- 
dition termed  sclerosis.  The  name  has  been  given  to  it,  probably,  because 
the  process  is  one  that,  in  other  organs,  increases  their  consistence.  In  the 
cord  it  has  not  often  this  effect.  The  newly-formed  connective  tissue  is 
rarely  of  greater  firmness,  and  is  often  less  firm,  than  the  nerve  elements  it 
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replaces.  In  degeneration  we  must  distinguish  two  types.  In  one  the  pro- 
cess is  limited  to  structures  that  have  the  same  function  ;  the  degeneration 
probably  begins  in  the  nerve  elements,  and  the  overgrowth  of  connective 
tissue  is  consecutive.  The  so-called  "  secondary  degenerations  "  are  of  this 
character ;  but  similar  changes  are  often  primary.  In  the  other  type  the 
degenerative  changes  are  not  distributed  according  to  function.  They  are 
apparently  random  in  incidence,  and  probably  begin  in  the  connective 
tissue  outside  the  nerve  elements,  which  suffer  secondarily.  Insular  sclerosis 
is  an  example  of  this  type.  It  is  this  form  which  presents  the  chief  grada- 
tion to  chronic  inflammation. 

Softening  of  the  spinal  cord  is  very  common.  Whenever  the  nerve 
fibres  are  broken  up  into  disconnected  globules  of  myelin,  separated  by 
serum  in  a  sort  of  emulsion,  the  consistence  of  the  part  is  necessarily 
lessened.  Inflammation  always  causes  such  a  breaking  up  of  the  nerve 
fibres,  and  hence  inflammation  always  causes  softening  as  its  first  effect. 
Ultimately,  connective-tissue  elements  are  formed,  which  increase  the  con- 
sistence, it  may  be  up  to,  and  even  beyond,  the  normal  degree.  In  a  very 
chronic  inflammation  the  formation  of  new  tissue  may  proceed  pari  passu 
with  the  destructive  process,  and  there  may  be,  at  no  time,  much  diminu- 
tion of  consistence.  It  is  in  these  cases  that  it  is  difficult  to  draw  the  line 
between  inflammation  and  degeneration.  Does  such  softening  of  the  cord 
occur  apart  from  inflammation  ?  The  question  is  not  easy  to  answer.  In 
the  brain,  necrotic  softening  is  very  common  as  a  consequence  of  arterial 
obstruction — is  indeed  the  common  form  of  softening.  But  in  the  spinal 
cord  we  have  no  evidence  of  the  occurrence  of  necrotic  softening.  If 
embolism  occurs,  it  is  excessively  rare.  Arterial  thrombosis,  due  to  athe- 
roma of  the  walls  of  the  vessels,  such  as  is  so  common  in  the  brain,  prob- 
ably does  not  occur  in  the  cord.  The  arteries  are  smaller  than  those  in 
which  atheroma  is  met  with  in  the  brain,  and  the  lowness  of  the  blood 
pressure  within  them  involves  the  absence  of  the  chief  cause  of  atheroma. 
It  is  possible  that  spontaneous  thrombosis  may  sometimes  set  up  the  changes 
that  are  now  regarded  as  those  of  primary  inflammation,  but  we  have  no 
direct  evidence  of  this.  The  question  will  be  further  considered  in  the 
account  of  inflammation. 

Besides  the  morbid  processes  to  which  the  cord  itself  is  liable,  it  suffers 
also  in  consequence  of  disease  outside  it.  It  may  be  compressed  by 
growths,  and  by  products  of  inflammation,  within  the  spinal  canal.  Com- 
pression not  only  causes  acute  degeneration  of  the  nerve  elements,  but 
usually  excites  actual  inflammation.  This  "compression  myelitis"  may 
attain  a  degree  and  an  acuteness  out  of  all  proportion  to  the  causal  com- 
pression. The  membranes  may  be  the  seat  of  hemorrhage  which  compresses 
the  cord,  or  inflammation  which  irritates  it,  even  when  the  organ  is  not 
invaded  in  appreciable  degree. 

The  series  of  recognized  lesions  of  the  spinal  cord,  obvious  or  micro- 
scopic, does  not  by  any  means  exhaust  the  list  of  its  morbid  states. 
Changes  may  occur  in  the  nutrition  of  its  elements  interfering  with  their 
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function,  which  are,  and  are  likely  to  remain,  altogether  beyond  our  means 
of  detection.  Such  morbid  states  are  often  called  "  functional  diseases," 
but  when  prolonged  they  are  probably  more  accurately  conceived  as  nutri- 
tional diseases  (see  p.  25).  Derangements  of  function  that  we  can  regard  as 
purely  such  are  few  and  rare.  It  is  thus  convenient  to  think  of  the  patho- 
logical conditions  of  the  cord  under  the  four  types  which  we  considered  (p. 
26)  as  presented  by  diseases  of  the  nervous  system  generally.  The  types  are 
not  always  sharply  separated,  but  are  not  therefore  less  useful.  (1)  Organic 
disease,  conspicuous  to  naked-eye  examination,  such  as  a  hemorrhage  or  tumor. 

(2)  Structural  disease,  presenting  only  change  in  tint  or  consistence  to  the 
naked  eye,  but  distinct  tissue  changes  on  microscopical  examination.  (3) 
Nutritional  disease,  causing  no  change  recognizable  even  by  the  microscope. 
(4)  Functional  disease,  purely  such. 

In  connection  with  the  general  pathology  of  diseases  of  the  spinal  cord, 
it  is  important  to  note  certain  general  facts  of  their  causation  :  (1)  An 
inherited  tendency  to  disease  of  the  nerve  elements,  manifested  by  such 
affections  as  epilepsy  and  insanity.  This  case  is  chiefly  influential  in  pro- 
ducing the  structural  and  nutritional  diseases,  beginning  in  the  nerve  ele- 
ments, and  especially,  among  structural  diseases,  the  "system  degenera- 
tions" as  they  are  called.  (2)  Injury. — A  severe  concussion  of  the  cord 
may  cause  (a)  instant  grave  damage,  usually  hemorrhage.  Or  (£)  it  may 
cause  no  immediate  effect,  but  symptoms  may  come  on  at  the  end  of  a  few 
days  and  progress  slowly  or  rapidly.  Such  symptoms  are  usually  due  to 
inflammation,  simple,  or  secondary  to  minute  spots  of  injury.  Lastly  (<r), 
the  concussion  sometimes  seems  to  pervert  the  process  of  nutrition  in  the 
nerve  elements.  Slow  symptoms  of  impaired  function  may  result,  and  these 
may  progress  until,  after  months  or  years,  there  is  actual  structural  disease. 

(3)  Exposure  to  cold. — Wet  cold  is  especially  effective.  The  most  frequent 
effect  of  a  severe  exposure  is  acute  inflammation,  but  habitual  exposure  may 
produce  chronic  inflammation  or  degenerative  disease.  The  exposure  that 
is  effective  may  be  general,  or  chiefly  of  the  feet  and  legs,  occasionally  of 
the  back.  (4)  Syphilis. — The  demonstrated  ways  in  which  syphilis  inter- 
feres with  the  spinal  cord  are  (a)  by  a  syphilitic  growth,  compressing  or 
invading  the  cord,  and  (Jf)  by  chronic  syphilitic  meningitis,  damaging  the 
cord  and  the  nerve  roots.  But  (c)  acute  and  chronic  inflammations  of  the 
cord  are  often  met  with  in  syphilitic  subjects,  and  have  been  thought  to  be, 
in  many  instances,  of  syphilitic  origin.  It  is  doubtful  whether  they  present 
any  syphilitic  characters,  i.  e.,  any  histological  features  by  which  they  differ 
from  non-syphilitic  inflammations.  The  evidence  of  dependence  on  syphilis 
is  stronger  in  the  case  of  chronic  and  subacute  disseminated  inflammation 
than  in  the  case  of  acute  myelitis.  Lastly  {d),  certain  degenerative  diseases 
of  the  cord  are  very  commonly  preceded  by  syphilis ;  one  of  them,  loco- 
motor ataxy,  so  frequently  that  a  causal  relation  between  the  two  can 
scarcely  be  doubted.  But  these  degenerative  diseases  are  certainly  not 
syphilitic  in  nature ;  they  differ  in  no  respect  from  the  similar  morbid  pro- 
cesses that  occur  in  individuals  who  have  not  had  syphilis. 
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The  outline  just  given  of  the  general  pathology  and  etiology  of  diseases 
of  the  spinal  cord  will  enable  us  to  consider  the  last  element  in  diagnosis, 
the  nature  of  the  lesion.  The  seat  of  the  disease  is  indicated  by  the  com- 
bination of  symptoms ;  its  nature  can  only  be  determined  by  considering, 
separately  and  together,  several  other  points :  (i)  The  way  in  which  the  symp- 
toms came  on.  (2)  The  causes  that  can  be  traced,  taken  in  conjunction 
with  the  known  effects  of  those  causes.  (3)  The  seat  of  the  disease,  taken 
in  conjunction  with  the  known  liability  of  certain  structures  to  certain 
lesions.  The  most  important  of  these  elements  is  the  mode  of  onset,  and 
the  other  indications  should  only  be  used  in  strict  subordination  to  this. 

The  time  occupied  by  the  onset  of  the  disease  is  thus  the  first  element  in 
the  pathological  diagnosis.  By  "  time  of  onset  "  is  meant  the  period  that 
elapses  between  the  actual  commencement  of  the  symptoms  and  their  attain- 
ment of  a  considerable  degree  *of  intensity.  We  may  divide  the  chief 
modes  of  onset  into  five  classes,  and  classify  the  most  common  diseases  in 
relation  to  them,  in  the  following  taple  :  — 

Disease.  Onset.  Disease. 

Sudden 

AcuZmi'"XtCS)  Vascular  lesions, 

(few  hours  or  days)  J    "1 

f  Subacute 

(one  to  six  weeks)  \      Inflammation. 

Pressure  and      J   Subchronic 

growths  |       (six  weeks  to  six  months)      J    ~) 

Chronic  >     Degeneration. 

[      (more  than  six  months)  j 

A  lesion  of  sudden  occurrence,  the  symptoms  developing  in  the  course  of 
a  few  minutes,  is  almost  always  vascular,  commonly  hemorrhage,  sometimes 
perhaps  vascular  obstruction.  But  a  vascular  lesion  may  occupy  a  some- 
what longer  time  in  development — a  few  hours  or  days.  In  acute  and  sub- 
acute inflammation  the  symptoms  come  on  in  the  course  of  a  few  hours,  a 
few  days,  or  a  few  weeks.  Subacute  and  chronic  inflammation  occupies 
from  a  few  weeks  to  a  few  months.  Degeneration,  in  which  there  is  no 
adequate  evidence  of  any  inflammatory  process,  occupies  many  months,  or 
it  may  be  years.  The  symptoms  produced  by  tumors  which  invade  or  com- 
press, and  by  simple  pressure  (traumatic  causes  included)  are  never  sudden 
or  very  acute,  and  rarely  very  chronic,  the  time  occupied  by  the  develop- 
ment of  the  symptoms  varying,  according  to  the  nature  of  the  cause,  from 
a  fortnight  to  six  months. 

It  is  necessary  to  consider,  however,  not  merely  the  whole  time  occupied 
by  the  development  of  the  disease,  but  also  the  uniformity  of  its  course. 
Two  or  more  morbid  processes  may  concur.  An  initial  myelitis,  for  in- 
stance, may  lead  to  a  secondary  degeneration  ;  and,  on  the  other  hand,  in 
degenerated  tissues,  sudden  vascular  lesions  occasionally  occur.  Pressure 
often  produces  local  myelitis,  which  may  be  acute  or  subacute  in  its  develop- 
ment. Cancer  of  the  vertebrae,  for  instance,  often  causes  rapid  myelitis. 
The  whole  course  of  the  disease  must  be  ascertained  before  an  inference  is 
drawn,  and  the  possibility  of  a  double  process  must  always  be  kept  in  view. 

The  onset  and  course  of  the  symptoms  thus  sometimes  enable  us  to  decide 
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at  once  that  a  lesion  is  of  a  given  character,  as  that  one  which  occurs 
instantly  is  vascular,  or  that  one  which  takes  years  for  its  development  is 
degenerative.  More  frequently  they  enable  us  to  exclude  certain  morbid 
processes,  and  to  restrict  the  possible  lesion  to  two  or  three  forms.  For  in- 
stance, a  lesion  which  comes  on  in  the  course  of  a  few  hours  must  be  either 
vascular  or  inflammatory.  Between  these  we  have  to  decide  by  attention  to 
other  indications. 

In  actual  diagnosis  it  is  convenient  to  consider  next  the  indication  afforded 
by  the  position  and  distribution  of  the  disease.  We  consider  what  diseases 
occur  in  this  situation,  and  then  which  of  them  have  the  mode  of  onset 
that  has  been  ascertained.  This  indication  involves  a  knowledge  of  the 
various  diseases  and  their  seat.  The  most  important  consideration  is  that 
a  wide  range  of  symptoms  of  uniform  character  indicates  the  affection  of 
a  definite  system  of  structure,  and  in  most  instances  a  disease  commencing 
in  the  nerve  elements,  and  if  the  onset  be  chronic  we  may  feel  sure  that  it 
is  a  degeneration.  On  the  other  hand,  the  involvement  of  many  functions 
suggests  a  random  process,  such  as  inflammation  or  pressure.  But  this 
indication  is  always  to  be  subordinated  to  the  mode  of  onset.  Thus  the 
limitation  to  a  single  structure  does  not  exclude  inflammation :  this  may 
affect,  for  instance,  the  anterior  gray  matter  only,  and  cause  corresponding 
symptoms. 

The  symptoms  may  indicate  a  morbid  process  limited  to  one-half  of  the 
cord,  but  this  does  not  materially  modify  the  diagnostic  method.  Almost 
any  process  may,  in  rare  cases,  be  thus  limited.  System  degenerations  and 
acute  inflammations  are  least  frequently  unilateral,  and  they  never  reach  a 
considerable  degree  of  intensity  on  one  side  without  some  affection  of  the 
other  side.  On  the  other  hand,  tumors  and  foci  of  chronic  myelitis  are 
often  one-sided,  and  still  more  often  affect  one-half  of  the  cord  first  and 
then  the  other.    . 

Indication  of  disease  outside  the  cord,  irritation  of  certain,  nerve  roots, 
causing  severe  local  pain,  often  precedes  the  symptoms  of  compression  and 
is  an  important  aid  to  diagnosis.  It  shows  the  existence  of  a  morbid  pro- 
cess outside  the  cord  before  the  cord  is  involved.  But  we  cannot  use  even 
this  indication  except  in  dependence  on  the  mode  of  onset.  A  disease,  as 
a  growth  outside  the  cord,  may,  as  we  have  seen,  not  only  compress  the  cord, 
and  cause  slow  loss  of  power ;  it  may  excite  inflammation  and  cause  rapid 
palsy. 

The  last  element  in  the  pathological  diagnosis  is  the  detection  of  any 
influence  which  can  be  regarded  as  the  cause  of  the  disease  in  the  spinal 
cord,  or  any  associated  condition  which  may  indicate  an  active  morbid 
process.  We  have  seen  that  the  mode  of  onset  may  help  us  to  limit  the 
disease  to  certain  possible  forms  of  lesion ;  the  distribution  of  the  affection 
may  render  it  probable  that  it  is  one  or  other  of  these  forms ;  and  the  detec- 
tion of  a  cause  and  the  knowledge  of  the  lesions  that  cause  produces  may 
help  us  to  carry  the  diagnosis  still  further.  The  most  important  general 
causes  of  disease  of  the  cord,  and  the  processes  to  which  they  chiefly  give 
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rise,  have  been  already  mentioned.  The  causal  element  in  diagnosis  is 
chiefly  an  application  of  those  facts. 

It  would  be  easy  to  formulate  more  detailed  diagnostic  indications.  Those 
given  will  suffice  to  indicate  the  general  principles  of  diagnosis  ;  to  do  more 
than  this  would  be  to  hinder,  rather  than  to  help.  The  only  sure  ground 
for  diagnosis  is  a  thorough  knowledge  of  the  various  diseases  and  their 
symptoms;  without  this  elaborate  formula?  are  useless;  with  this  they  are 
unnecessary. 

The  distinction  of  functional  and  nutritional  disease  from  organic  lesions 
may  conveniently  be  postponed  until  the  symptoms  of  the  former  are 
specially  described. 

SPECIAL   DISEASES  OF  THE   SPINAL  CORD. 

DISEASES  OF  THE  VERTEBRAL  COLUMN. 

Diseases  of  the  bones  of  the  spine  fall  for  the  most  part  within  the 
province  of  surgery.  But  there  are  few  of  these  diseases  that  do  not, 
among  their  most  frequent  effects,  interfere  with  the  functions  of  the  spinal 
cord.  Hence  an  account  of  the  diseases  of  the  cord  would  be  incomplete 
without  some  mention  of  the  morbid  states  that  begin  in  its  bony  case. 


INJURIES  OF  THE  SPINE. 

Injuries  to  the  spinal  column  may  consist  of  punctured  wounds  (which 
need  not  be  considered  here),  concussion  (the  effects  of  which  on  the  cord 
will  be  considered  later),  and  fracture  or  dislocation  of  the  vertebrae.  A 
brief  mention  of  the  two  last  conditions  may  be  given,  the  reader  being 
referred,  for  fuller  information,  to  surgical  treatises. 

Dislocation. — Simple  dislocation  occurs  in  the  cervical  region,  most 
frequently  at  the  fifth  and  sixth  vertebras.  It  may  take  place  gradually  or 
suddenly :  gradual  displacement  is  always  secondary  to  disease  of  the  bones ; 
sudden  displacement  may  occur  in  disease  or  from  injury.  The  damage  to 
the  cord  is  always  greatest  in  traumatic  displacement  of  normal  bones, 
because  the  force  needed  to  produce  the  dislocation  is  much  greater,  the 
displacement  is  more  considerable,  and  the  obliteration  of  the  canal  is 
more  complete.  Displacement  may  occur  in  any  direction :  it  usually 
involves  both  vertebral  articulations,  but,  in  rare  cases,  it  is  oblique,  involv- 
ing one  articulation  only.  The  common  causes  are  violent  blows  or  falls  on 
the  head,  rarely  sudden  rotation  of  the  head  when  a  weight  is  carried  upon 
it.  The  symptoms  are  a  lateral  or  forward  or  backward  displacement  of  the 
head,  so  that  the  chin  is  in  contact  with  the  shoulder  or  the  chest,  or  the 
occiput  with  the  nape  of  the  neck.  The  irregularity  of  the  vertebral  spines 
is  usually  readily  detected.  The  cord  is  damaged  in  most  cases,  and  the 
symptoms  are  those  of  a  total  transverse  lesion  in  the  situation  of  the  luxa- 
tion.    It  may  be  merely  compressed,  especially  in  cases  of  disease,  in  which 
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the  displacement  has  occurred  with  little  force.  The  symptoms  of  paralysis 
have  been  known  to  pass  away,  in  such  a  case,  on  the  reduction  of  the  dis- 
location. More  commonly  the  cord  is  also  bruised,  with  extravasation  of 
blood,  and  secondary  myelitis  occurs  later.  In  such  cases,  if  the  patients 
live,  there  may  be  anaesthesia  or  hyperesthesia  below  the  lesion,  with  total 
paralysis  of  the  limbs,  and  excess  of  reflex  action.  In  rare  instances  the 
cord  has  been  completely  divided.  In  still  rarer  instances  of  slight  displace- 
ment it  has  not  been  injured. 

Rupture  of  the  transverse  ligament,  which  retains  the  odontoid  process, 
may  permit  the  latter  to  compress  the  cord,  and  thus  to  cause  instant  death. 
This  often  results  from  sudden  suspension  by  the  head,  as  in  criminal  execu- 
tions. One  of  the  curiosities  of  surgical  literature  is  a  case  related  by  Petit 
in  which  a  man,  playing  with  a  neighbor's  child,  lifted  it  up  by  the  head, 
and  caused  instant  death  by  rupturing  the  transverse  ligament.  The  father 
of  the  child,  entering  at  the  moment,  stabbed  the  man  with  a  knife,  the 
blade  of  which  passed  in  between  the  first  and  second  cervical  vertebrae, 
divided  the  spinal  cord,  and  the  man  also  fell  dead.  Rupture  of  the  liga- 
ment has  also  resulted  from  raising  a  heavy  weight  with  the  head.  The 
treatment  of  dislocation  is  too  purely  surgical  to  be  described  here. 

Fracture. — All  organic  diseases  of  the  bones,  weakening  them,  predis- 
pose to  fracture.  Apart  from  disease,  the  accident  is  most  common  in 
adults,  the  greater  elasticity  of  the  vertebral  column  in  children  giving  to 
them  a  comparative  immunity.  Its  great  cause  is  a  blow  or  fall  on  the 
spine,  or  sudden  forcible  flexion.  In  extremely  rare  cases  a  fracture, 
usually  slight,  has  resulted  from  a  severe  muscular  exertion.  This  is  an 
important  fact,  showing  that  muscular  exertion  may  injure  the  spine. 
Symptoms  of  such  injury,  in  slight  degree,  are  not  uncommon. 

Fracture  may  occur  at  any  part  of  the  spine,  but  is  most  frequent  at  the 
fifth  or  sixth  cervical,  and  at  the  last  dorsal  or  first  lumbar  vertebrae.  In 
the  dorsal  and  lumbar  regions,  the  bodies  are  fractured  in  two-thirds  of  the 
cases,  but  in  the  cervical  regions,  the  arches  suffer  alone  in  one-half. 
Usually  there  is  a  displacement  of  the  vertebral  column  at  the  seat  of 
fracture.  Rarely  the  bodies  may  be  crushed  without  displacement.  The 
displacement  of  the  bone  involves  a  narrowing  of  the  cajial,  and,  usually, 
compression  of  the  cord.  This  may  also  result  when  the  arches  only  are 
driven  in.  But  the  cord  may  be  seriously  damaged  when  there  is  no  per- 
manent narrowing  of  the  canal,  as  in  Figs.  76  and  77.  The  dura  mater  is 
rarely  torn  except  by  a  splinter.  Blood  is  almost  always  extravasated  out- 
side the  dura  mater,  often  in  considerable  quantity,  from  the  rupture  of  the 
large  veins  in  this  situation.  There  are  usually  only  small  extravasations  in 
the  pia  mater.  The  cord  is,  in  most  cases,  bruised  and  compressed  by  the 
lower  fragment  (Fig.  78).  Sometimes  it  is  flattened,  and  it  may  even  be 
divided,  all  nerve  substance  being  squeezed  out  of  the  pia  matral  sheath  at 
the  spot.  In  the  case  shown  in  Figs.  76  and  77,  the  cord  appeared  to  have 
been  split  longitudinally  at  the  spot.     Blood  is  extravasated  into  the  bruised 
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Fig.  76. 


part,  sometimes  in  minute  spots,  sometimes  in  larger  hemorrhages,  which 
may  occupy  longitudinal  cavities.     These  changes  are  usually  limited  to  the 

spot  compressed.  Secondary 
myelitis  is  set  up  in  the 
damaged  part,  and  this  some- 
times extends  beyond  the 
contused  area.  In  cases  of 
some  duration  the  usual 
ascending  and  descending 
secondary  degenerations  are 
also  found.  Fig.  67,  p.  131, 
represents  sections  of  the 
cord  from  the  case  of  frac- 
ture figured  above.  Occa- 
sionally the  injury  leads  to 
secondary  caries  of  the  bone, 

There 


Fracture  of  the  first  lumbar  vertebra.     DM.  Dura  mater.     There    wifU   oil   ir(3  rnn^niipnrw 
was.no  permanent  narrowing  of  the  canal,  but,  nevertheless,  the    mul  <l11  1LSl  l-OUac4uc11l.es 
spinal  cord  was  greatly  damaged  at  the  spot;  see  next  figure 
{From  a  drawing  by  Mr.  V.  Horsley.) 


Three  classes  of  symptoms 
result.  The  first  consists  of 
the  local  indication  of  the  injury.  Secondly,  there  may  be  certain  nervous 
symptoms,  not  distinctly  due  to  the  damage  to  the  cord.  One  of  these  is 
general  shock,  which  may  be  so  great  as  to  entail  transient  loss  of  conscious- 
ness.   Vomiting  occasionally  occurs.     There  is  great  pain  in  the  position  of 


Fig.  77. 


Fig.  78. 
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Fig.  77.— Spinal  cord  damaged  by  the  fracture  shown  in  Fig.  76.  The  elements  of  the  cord  itself  are 
changed  beyond  the  possibility  of  identification.     The  ascending  degeneration  is  shown  in  Fig.  67. 
Fig.  78.— Fracture  of  the  body  of  the  fifth  dorsal  vertebra  and  of  its  processes.     (After  Gurlt.) 

the  fracture,  rendered  very  intense  by  pressure,  and  often  radiating  along  the 
nerves  which  come  from  this  part,  the  roots  of  which  are  compressed. 
Tetanus  occasionally  ensues,  and  has  been  ascribed  also  to  the  irritation  of 
the  nerves.  In  rare  cases  epileptiform  convulsions  have  followed  fracture, 
usually  at  an  interval  of  some  days. 


INJURIES    OF    THE    SPINE.  175 

The  third  group  of  symptoms  are  those  which  result  from  the  damage  to 
the  cord,  and  consist  in  paralysis  of  the  parts  below  the  injury.  Its  character 
depends  on  the  amount  of  damage.  If  this  is  considerable,  there  is  both 
motor  and  sensory  paralysis  up  to  the  level  of  the  lesion,  with  loss  of  power 
over  the  sphincters.  Reflex  action  is  lost  at  the  level  of  the  lesion,  and  the 
examination  of  the  trunk  reflexes  often  gives  important  information  regard- 
ing the  extent  of  the  damage,  when  this  is  in  the  dorsal  region.  Below 
reflex  action  is  commonly  in  excess,  unless  the  centres  are  impaired  by 
descending  myelitis.  Spasmodic  twitchings  sometimes  occur  in  the  limbs 
immediately  after  the  injury,  accompanied  by  priapism.  The  pains  are 
severe  in  the  arms  when  the  fracture  is  opposite  the  cervical  enlargement 
and  in  the  legs  when  at  the  lumbar  enlargement,  or  below  the  latter,  so  as 
to  damage  the  nerve  roots.  In  these  cases  there  may  be  rapid  wasting  of  the 
muscles,  with  loss  of  electric  irritability.  There  is  usually  at  first  inconti- 
nence, afterward  retention  of  urine,  but  the  former  is  persistent  if  the  lumbar 
centres  are  damaged.  Cystitis,  bedsores,  etc.,  may  supervene.  Ultimately, 
if  the  damage  is  above  the  lumbar  enlargement  and  the  patient  lives,  there 
may  be  increased  myotatic  irritability  of  the  limbs,  increasing  to  spasm,  so 
that  spastic  paraplegia  results. 

Special  symptoms  result  when  the  injury  is  in  certain  parts  of  the  spine. 
Fracture  of  the  first  two  cervical  vertebra  causes  instant  death,  unless  the 
displacement  is  very  slight,  and  even  then  there  is  imminent  danger  of 
further  displacement,  with  the  most  serious  consequences,  on  any  incautious 
voluntary  movement.  With  slight  displacement  persons  have  been  known 
to  live  for  weeks,  and  then  die  from  secondary  myelitis ;  they  have  even 
recovered  altogether.  Now  and  then  there  is  no  compression  of  the  cord, 
although  there  is  distinct  displacement,  even  sufficient  to  be  recognized  in 
the  pharynx  (Leyden).  In  such  a  case  death  has  resulted  at  a  later  period 
from  caries.  The  characteristic  symptoms  are  local  pain,  increased  by  all 
movements  (which  are  thus  rendered  impossible),  displacement,  and  spinal 
symptoms.  The  latter  may  be  slight — merely  difficulty  in  breathing  or 
swallowing — or  considerable,  and  involving  the  trunk  and  limbs.  Some- 
times there  is  hyperpyrexia.     Not  more  than  one  case  in  fifty  recovers. 

Middle  Cervical  Vertebra. — The  third,  fourth,  and  fifth  vertebra?  are  most 
frequently  fractured.  When  the  injury  to  the  cord  is  considerable,  death 
usually  occurs  very  rapidly,  because  the  roots  of  the  phrenic  nerve  are 
involved.  In  some  cases  there  is  little  immediate  displacement,  and  the 
symptoms  are  slight  until  further  displacement  occurs  in  some  movement. 
Thus  a  man  who  had  met  with  an  injury  of  this  kind  went  to  be  shaved ; 
during  the  process,  his  head  was  turned  on  one  side  by  the  barber,  with  the 
unexpected  result  of  causing  displacement  of  the  fracture,  and  immediate 
death.  When  the  fracture  is  at  the  cervico-dorsal  region,  opposite  the  lower 
part  of  the  cervical  enlargement,  the  arms  frequently  escape  at  first,  the  early 
paralysis  being  confined  to  the  legs  and  muscles  of  the  trunk.  Respiration 
is  diaphragmatic  only.  After  a  few  days  the  arms  become  involved,  but 
their  paralysis  is  often  partial,  affecting,  for  instance,  only  certain  muscles, 


176  DISEASES    OF   THE    SPINE. 

as  the  extensors  of  the  hand,  and  it  is  often  accompanied  by  local  spasmodic 
movements.  Movements  and  pressure  cause  pain,  and  there  is  local  muscular 
rigidity.  The  head  may  be  in  normal  or  in  abnormal  position.  Vasomotor 
disturbance  in  the  face  and  general  hyperpyrexia  have  been  observed. 

In  fracture  of  the  dorsal  vertebra  (2-11)  the  arms  escape,  the  legs  are 
paralyzed,  and  the  trunk  muscles  up  to  the  height  of  the  lesion.  The  pain 
in  the  trunk  may  be  very  severe.  There  is  hyperaesthesia  or  anaesthesia  in 
the  parts  below.  The  reflex  action  in  the  legs  is  excessive ;  that  in  the  trunk 
is  abolished  at  the  level  of  the  lesion.  The  last  dorsal  and  first  lumbar 
vertebrae  are  often  fractured,  and  there  results  paralysis  of  the  legs,  complete 
or  irregular,  severe  pains,  tingling,  etc.,  sometimes  followed  by  hyperaes- 
thesia or  loss  of  sensibility,  and  by  rapid  disturbance  of  nutrition,  in  both 
the  muscles  and  the  skin.  In  fracture  of  the  lower  lumbar  vertebra  the 
symptoms  are  often  slight ;  below  the  extremity  of  the  cord  the  nerves 
occupy  a  smaller  space  in  the  canal,  and  so  may  escape  compression  by  a 
moderate  displacement.  The  fractured  vertebrae  unite  very  slowly.  A  false 
joint  is  occasionally  formed.  If  the  patient  recovers  from  the  immediate 
effects  he  often  dies  from  secondary  myelitis  and  its  consequences. 
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Caries  of  the  bones  of  the  spine  is  a  frequent  cause  of  paraplegia.  It  is 
often  termed  "Pott's  disease,"  from  the  English  surgeon,  Percival  Pott, 
who  first  described  it  (in  1779)  as  a  cause  of  paralysis. 

Causes. — Males  are  said  to  be  rather  more  liable  than  females,  but  the 
difference  in  sexual  incidence  is  not  great.  It  is  more  common  in  childhood 
(after  three)  and  next  in  early  adult  life,  but  it  may  occur  at  any  age,  and 
is  perhaps  more  common  in  the  second  half  of  life  than  any  other  scrofulous 
lesion.  I  have  known  it  commence  at  fifty,  and  it  has  been  met  with  as  late 
as  seventy.  It  is  distinctly  a  manifestation  of  the  tubercular  and  scrofulous 
diathesis,  and  evidence  of  such  inheritance  is  to  be  traced  in  most  cases. 
Occasionally  the  sufferer  himself  presents  such  indications,  lung  disease,  etc., 
or  caries  of  other  bones.  It  occasionally  develops  simultaneously  with  other 
signs  of  acute  tuberculosis.  Caries  has  been  thought  to  result  from  syphilis, 
but  this  cause  is  certainly  rare. 

Injuries  seem  frequently  to  excite  the  bone  mischief  in  the  spine,  as  they 
certainly  do  analogous  bone  disease  elsewhere,  in  those  who  are  predisposed, 
possibly,  sometimes,  in  healthy  persons.  Falls,  blows  on  the  back,  and 
severe  strains,  are  the  most  frequent  traumatic  antecedents.  The  last  may 
act  by  straining  the  ligaments,  and  setting  up  inflammation  which  spreads 
to  the  bones  directly  or  through  the  intervertebral  cartilages.  There  is 
usually  an  interval,  sometimes  of  many  months,  between  the  injury  and  the 
definite  symptoms  of  bone  disease.  Adjacent  inflammation,  secondarily 
affecting  the  bone,  is  a  rare  cause.  Caries  of  the  cervical  spine  has  thus 
been  secondary  to  a  primary  retropharyngeal  abscess.     The  disease  some- 
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times  follows  septicaemia  in  a  way  that  suggests  a  secondary  abscess  in  the 
bone.  This  was  the  case  in  a  surgeon  about  sixty  years  of  age,  in  whom 
symptoms  of  blood  poisoning  followed  an  injury  to  the  ankle.  These  were 
succeeded  by  paraplegia  of  rapid  onset,  and  this  by  the  development  of 
angular  curvature  in  the  lower  dorsal  region.  In  a  large  number  of  cases 
no  exciting  cause  can  be  traced. 

Pathological  Anatomy. — The  changes  in  the  bones  need  not  detain  us, 
since  they  belong  to  surgical  pathology,  except  in  so  far  as  they  lead  to 
damage  to  the  cord.  There  is  inflammation  of  the  bodies  of  the  vertebrae, 
and  of  the  intervertebral  substance,  at  first  with  enlargement,  afterward  with 
breaking  down  of  the  substance  of  the  bone,  which  gives  way  under  the 
pressure  to  which  it  is  exposed,  so  that  deformity  of  the  spine  results.  Pus 
often  accumulates  outside  the  spine,  and  may  burrow  in  various  directions, 
according  to  the  seat  of  the  disease. 

The  inflammation  extends  to  the  loose  cellular  and  adipose  tissue  between 
the  bone  and  the  dura  mater,  and  often  to  the  dura  mater  itself,  the  outer 
layer  of  which  becomes  irregularly  thickened  in  the  neighborhood  of  the 
disease  (see  Fig.  80).  The  inner  surface  of  the  dura  mater  is  often  normal 
when  the  outer  surface  is  much  changed.  Inflammatory  products,  cheesy 
material,  pus,  etc.,  accumulate  between  the  bone  and  the  dura  mater,  and 
often  in  such  quantity  as  to  compress  the  cord.  Inflammation  is  frequently 
set  up  in  the  cord,  but  usually  only  when  it  is  also  compressed. 

The  displacement  that  results  from  the  collapse  of  the  bodies  varies  much 
according  to  the  extent  and  character  of  the  disease.  Occasionally  there  is 
simply  a  lateral  displacement — one  spine  is  situated  a  little  to  one  side  of 
that  above  it.  More  commonly  the  collapse  of  the  bodies  leads  to  "  angu- 
lar curvature,"  the  spinal  column  is  bent  forward  at  an  acute  angle,  and  one 
or  two  vertebral  spines  are  much  more  prominent  than  the  others.  There 
is  often,  however,  a  less  abrupt  bend ;  the  curvature  may  extend  over  four 
or  five  vertebrae. 

The  nerves,  as  they  pass  through  the  membranes  and  intervertebral  fora- 
mina, are  irritated  by  the  inflammation  and  often  compressed  by  the  thick- 
ening of  the  dura  mater  which  sheaths  them.  Those  passing  by  the  seat  ot 
compression  may  also"  suffer  from  the  narrowing  of  the  canal.  They  may  be 
found  red  and  swollen,  or  shrunken  and  gray.  They  may  be  damaged  when 
the  cord  is  normal,  or  but  little  affected  when  this  is  compressed. 

The  damage  to  the  spinal  cord  depends  on  the  secondary  consequences  of 
the  caries,  and  both  its  occurrence  and  character  are  variable  and  uncertain. 
The  mechanism  of  the  damage  is  twofold — compression  and  inflammation. 
The  relation  between  the  two  is  considered  more  fully  in  a  subsequent  chap- 
ter ("Compression  of  the  Spinal  Cord").  There  is  never  compression 
without  inflammation,  but  it  is  probable  that,  in  many  chronic  cases,  the 
inflammatory  changes  are  secondary  to  the  damage  to  the  nerve  elements. 
On  the  other  hand  there  may  be  inflammation  when  there  is  no  compression. 
The  mechanism  of  compression  varies.  The  most  frequent  is  the  collection 
of  inflammatory  products  outside  the  dura  mater,  and  the  thickening  of  this 
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Fig.  79. 
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membrane.  Less  commonly  the  cord  is  compressed  by  the  displacement  of 
the  bone,  or  by  fragments  of  bone  that  are  pushed  into  the  canal.  Often 
both  these  causes  are  influential,  as  in  the  case  shown  in  Fig.  79.    Probably 

an  inflammatory  ^swelling  or  abscess 
of  the  bone  is  sometimes  the  mechan- 
ism of  compression,  since  the  signs  of 
pressure  have  disappeared  when  an 
abscess  has  formed  outside  the  spine, 
or  even  when  deformity  has  come  on. 
The  inflammatory  changes  are  most 
intense  at  the  point  of  greatest  com- 
pression, but  extend,  lessening  in  de- 
gree, through  a  few  inches  of  the  cord 
above  and  below  the  lesion.  They 
are  described  in  the  chapter  on 
"  Compression." 

Symptoms. — Caries  of  the  spine 
causes  symptoms  of  three  classes : 
(1)  those  of  the  bone  disease ;  (2) 
the  effects  of  damage  to  the  nerve 
roots;  (3)  those  due  to  the  changes 
in  the  cord  itself.  Only  the  symptoms 
due  to  the  damage  to  nerves  and  cord 
come  within  the  special  province  of 
Cac'S?sf  muc^^SS'SoVeJat  stS  this  book,  but  the  bone  symptoms  are 

depression  between  the  displaced  bone  anda  mass  0f   much  importance,   aS    On    them    the 
of   inflammatory  products,  E,   outside    the    dura  r  ' 

mater,  d  m,  the  inner  surface  of  which  is  normal,  diagnosis  of  the  nature  of  the  nerVOUS 
{After  Leyden.)  ■  ° 

symptoms  often  depends.    . 

These  vertebral  symptoms  are  various.  The  first  is  pain  in  the  spine, 
chiefly  felt  at  the  affected  spot,  often  increased  by  movement,  and  especially 
by  pressure  on  the  bone.  The  local  tenderness  is  a  very  important  sign. 
It  is  elicited  not  only  by  direct  pressure  on  the  spines,  but  by  lateral  pres- 
sure ;  if  they  are  grasped  and  pressed  to  one  side  considerable  pain  is  usually 
produced.  The  increase  of  pain  by  movement  is  greatest  when  the  disease 
is  in  the  more  mobile  parts  of  the  vertebral  column,  especially  when  it  is 
in  the  cervical  region.  Movement  of  the  head  occasions  pain,  and  there  is 
an  instinctive  fixation  of  the  head,  which  is  sometimes  inclined  to  right  or 
left,  less  commonly  backward.  It  may  thus  produce  the  aspect  of  torticol- 
lis, which  differs  from  that  due  to  muscular  contraction  in  that  the  sterno- 
mastoid  is  tense  on  the  side  toward  which  the  head  is  turned,  the  muscle 
being  simply  stretched  by  the  deviation  of  the  head. 

The  deformity  of  the  spine  is  a  later  symptom  than  the  tenderness,  and 
usually  comes  on  gradually.  Its  characters  have  been  already  described. 
It  is  often  absent  when  the  disease  is  in  the  cervical  region.  In  this  part 
there  is  usually  another  symptom,  thickening  of  the  tissues  about  the  spine. 
This  is  rare  in  other  parts.    In  any  region  an  abscess  may  form  in  the  neigh- 
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borhood  of  the  disease.  Those  which  come  backward,  or  descend  to  the 
groin  by  the  psoas  muscle,  can  be  recognized  externally.  Those  that  form 
in  front  of  the  diseased  vertebne  may  give  rise  to  symptoms  that  are  puz- 
zling, if  the  existence  of  spinal  caries  is  not  known.  Thus  a  retropharyn- 
geal abscess  may  cause  difficulty  of  deglutition,  and  one  in  the  dorsal  region 
may  cause  symptoms  of  oesophageal  obstruction,  etc. 

Increased  pain  and  tenderness  in  the  vertebral  column  often  precede  the 
symptoms  of  damage  to  its  contents.  The  symptoms  due  to  interference 
with  the  nerve  roots  are  very  variable,  and  are  often  absent.  They  are  both 
sensory  and  motor.  There  is  pain  along  the  course  and  in  the  distribution 
of  the  nerves,  and  hyperesthesia  of  corresponding  extent,  sometimes  with 
spots  of  ansesthesia.  There  is  also  muscular  weakness,  and  sometimes  muscu- 
lar wasting.  These  symptoms  are  more  fully  described  in  the  chapter  on 
"  Slow  Compression."  Here  it  may  suffice  to  say  that  they  are  conspicuous 
only  in  a  minority  of  the  cases,  and  chiefly  occur  when  there  is  pachy- 
meningitis. The  motor  symptoms  are  most  marked  when  the  disease  is  in 
the  cervical  region,  and  the  nerve  roots  for  the  muscles  of  the  arms  are 
damaged,  since  slight  and  limited  impairment  is  more  readily  recognized  in 
the  arms  than  in  the  trunk.  If  the  disease  is  in  the  highest  part  of  this 
region,  the  pains  may  be  referred  to  the  occiput.  Herpes  zoster  has  been 
■  occasionally  met  with  along  the  course  of  the  irritated  nerves.  Spasmodic 
contraction  in  the  muscles  supplied  by  the  affected  roots  is  extremely  rare  in 
cases  of  caries.  Reflex  action  is  abolished  in  the  affected  parts,  and  the 
change  in  the  superficial  reflexes  of  the  trunk  sometimes  gives  important 
diagnostic  information.  Disease  of  the  lower  cervical  roots  may  cause 
symptoms  of  deranged  action  of  the  sympathetic  on  that  side  of  the  head, 
occasionally  shown  in  the  pupil,  more  often  in  the  vessels.  I  have  seen 
persistent  sweating  on  one-half  of  the  forehead  from  this  cause. 

The  symptoms  of  interference  with  the  function  of  the  spinal  cord  itself 
are  chiefly  impairment  of  its  conducting  power,  causing  paralysis  in  the  parts 
below  the  lesion.  As  the  disease  is  most  frequently  in  some  part  of  the 
dorsal  region,  paralysis  of  the  legs  is  the  common  effect.  But  the  symp- 
toms vary  in  their  characters,  according  not  only  to  the  position  of  the 
disease,  but  also  to  the  immediate  process  of  damage  to  the  cord.  The 
signs  of  caries  may  have  existed  for  years  before  paralysis  comes  on.  Angu- 
lar curvature  may  even  come  on  in  early  childhood,  and  paralysis  not  till 
adult  life.  More  commonly  the  paralysis  comes  on  one  or  two  years  after 
the  curvature ;  sometimes  at  the  end  of  a  few  months.  On  the  other  hand, 
the  two  classes  of  symptoms  may  manifest  themselves  at  the  same  time,  and 
the  symptoms  of  cord  disease  may  even  develop,  and  reach  a  considerable 
degree,  before  the  local  symptoms  are  sufficiently  marked  for  bone  disease 
to  be  suspected.  In  one  patient,  after  absolute  paralysis  of  the  legs  had 
existed  for  six  months,  an  experienced  surgeon  doubted  the  existence  of  bone 
disease,  but  a  few  months  later  the  signs  of  this  were  indubitable. 

The  cord  symptoms  vary  much  in  their  mode  of  onset.  Usually  there  is 
no  exciting  cause,  but  sometimes  a  strain  of  the  back  or  exposure  to  cold 
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seems  to  excite  a  change  in  the  condition  of  the  bones,  in  consequence  of 
which  the  cord  suffers.  It  is  easy  to  conceive  that,  when  the  conditions  are 
favorable,  a  very  slight  strain  may  be  effective.  In  one  case,  the  first  symp- 
toms followed  instantly  three  violent  sneezes.  When  the  cord  symptoms 
have  commenced,  they  may  develop  quickly  or  slowly.  As  instances  of 
chronic  onset  may  be  mentioned  cases  in  which  the  symptoms  reached  a  con- 
siderable degree  of  intensity  at  the  end  of  nine  months,  four  months,  and 
two  months,  after  their  commencement.  But  the  onset  is  sometimes  much 
more  rapid ;  in  one  case  there  was  complete  paraplegia  at  the  end  of  three 
weeks.  Sometimes  it  is  still  more  acute,  and  in  such  cases,  myelitis  rather 
than  pressure  is  probably  the  effective  agent.  Thus,  in  one  patient,  a  child 
of  three,  slight  weakness  existed  for  three  weeks,  and  then  the  power  of 
standing  was  lost  in  a  single  night.  In  another  child,  aged  eight,  who  had 
presented,  for  two  years,  indications  of  disease  of  the  cervical  vertebrae, 
the  power  of  moving  the  legs  was  lost  in  the  course  of  twenty- four  hours  ; 
during  the  second  day  the  left  arm  became  paralyzed,  and,  at  the  end  of  a 
week,  the  right  arm.  Very  rarely  the  onset  is  instantaneous,  probably  from 
sudden  displacement,  since  hemorrhage  has  not  been  proved  to  occur.  A 
child  with  angular  curvature  was  walking  across  the  room,  when  she  fell,  and, 
on  being  lifted  up,  the  legs  were  powerless. 

Both  legs  usually  suffer  together ;  rarely  one  is  paralyzed  before  the  other ; 
very  rarely  one  leg  suffers  much  and  the  other  little  or  not  at  all.  Thus  in  one 
case  angular  curvature  developed  in  childhood ;  at  sixteen  there  was  an 
attack  of  weakness  in  the  legs,  which  passed  away  at  the  end  of  three  weeks. 
At  17^  the  patient  sprained  his  back  ;  pain  in  it  followed,  and  six  weeks 
later  the  right  leg  gradually  became  weak,  and  a  year  afterward  presented 
intense  spastic  paralysis,  the  left  leg  being  very  little  affected.  He  ultimately 
recovered.  An  instance  in  which  one  leg  became  affected  before  the  other 
is  a  case  already  alluded  to.  A  woman  forty-five  years  of  age  suffered  from 
pain  in  the  spine,  and  one  day,  when  walking,  sneezed  three  times,  and 
immediately  felt  "  pins  and  needles"  in  the  right  knee,  and  presently  in 
the  foot.  The  leg  became  almost  powerless  during  the  next  three  days.  A 
fortnight  afterward,  she  felt  similar  tingling  in  the  left  knee,  and,  at  the 
end  of  another  week,  in  the  foot,  and  during  the  next  three  weeks  this  also 
lost  power,  so  that  at  the  end  of  six  weeks  from  the  onset  both  legs  were 
motionless.     The  diagnosis  was  verified  on  her  death,  six  months  later. 

The  characters  of  the  paralysis  in  relation  to  the  seat  of  the  disease  are 
described  in  the  chapter  on  "Compression."  In  the  most  frequent  cases 
the  dorsal  cord  is  damaged  and  the  condition  of  the  legs  is  that  of  spastic 
paraplegia.  If  it  is  situated  in  the  cervical  region  there  is  muscular  atrophy 
in  the  arms,  sometimes  combined  with  palsy  without  atrophy,  according  as 
the  disease  is  at  the  level  of  the  cervical  enlargement,  or  above  this.  There 
is  the  same  spastic  paralysis  in  the  legs  as  when  the  disease  is  in  the  dorsal 
region.  When,  as  is  commonly  the  case,  the  arms  suffer  from  damage  to 
the  nerve  roots,  they  suffer  before  the  legs,  but  if  the  disease  is  so  high  up 
that  the  arms  suffer  from   the  damage  to  the  cord  itself,  the  legs  may  be 
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paralyzed  before  the  arms,  as  in  the  case  of  the  child  .mentioned  above.  In 
this  case  the  muscles  of  the  shoulder  were  wasted,  the  disease  being  near  the 
level  of  their  nerves,  while  the  forearm  muscles  were  not  wasted.  In  this 
case,  as  in  others  of  similar  seat,  the  diaphragm  was  paralyzed.  The  muscu- 
lar part  of  the  spinal  accessory  may  be  involved,  and  the  power  of  support- 
ing the  head  may  be  almost  lost.  Very  rarely,  from  disease  of  the  highest 
cervical  vertebras,  the  other  nerves  of  the  medulla  are  implicated. 

Sensory  symptoms  due  to  the  disease  of  the  cord  are  less  common  than 
motor  palsy.  As  a  case  already  mentioned  shows,  the  onset  of  paraplegia 
may  be  heralded  by  subjective  sensations  in  the  legs.  Dull  aching  pain  in 
them  is  not  uncommon.  Often  there  is  no  anaesthesia  ;  in  other  cases  there 
are  various  degrees  of  loss  of  sensation.  Touch  or  pain  may  be  lost  alone, 
or  there  may  be  absolute  loss  of  sensibility  up  to  the  level  of  the  lesion. 
Reflex  action  in  all  forms  is  excessive  (unless  the  disease  involves  the  lumbar 
enlargement),  and  great  excess  of  the  superficial  reflex  action  is  a  common 
and  important  feature.  The  legs  are  often  cold  and  sometimes  perspire 
continually.  The  sphincters  are  often  affected,  sometimes  early,  but  they 
may  escape  even  when  there  is  a  complete  motor  palsy  of  the  legs. 

Complications. — Among  common  complications  are  bedsores,  cystitis, 
various  secondary  effects  of  the  bone  disease  and  general  tuberculosis.  In 
very  severe  cases  peculiar  secondary  mischief  has  occurred  in  the  spinal 
cord,  and  has  run  an  independent  course,  giving  rise  to  very  anomalous 
symptoms.*  Thus  a  descending  myelitis  may  invade  the  lumbar  enlarge- 
ment in  its  entirety  and  abolish  its  central  and  reflex  functions,  causing  rapid 
wasting  of  the  muscles  and  acute  trophic  changes  in  the  skin.  Inflammation 
may  ascend  the  pyramidal  tracts  and  thus  paralyze  the  arms.  Ascending 
degeneration  of  the  posterior  median  columns  may  spread  to  the  postero- 
external columns  and  cause  symptoms  of  ataxy.  It  is  probable,  also,  that  a 
similar  affection  of  these  columns  may  descend  the  cord,  since  ataxy  may- 
come  on  as  the  power  returns,  when  the  disease  is  in  the  dorsal  region. 
Lastly,  myelitis  may  occur  in  disseminated  foci  in  various  parts  of  the  cord, 
and  even  in  the  medulla,  giving  rise  to  scattered  symptoms  of  anomalous 
character. 

Course. — The  bone  disease  may  heal,  anchylosis  occurring,  or  it  may  per- 
■  sist  with  continued  formation  of  pus,  or  it  may  become  quiescent  and  from 
time  to  time  become  active.  The  cord  mischief  is  influenced  by  the  state 
of  the  bone  disease,  although  its  progress  may  be  to  some  extent  independ- 
ent. Thus  inflammation  in  the  cord  may  subside  in  spite  of  the  progress  of 
that  in  the  bone. .  Pressure  on  the  cord  may  be  relieved,  although  the  bone 
disease  continues,  and  even  sometimes  as  a  result  of  the  increased  breaking 
down  of  bone  and  exit  of  pus  by  another  channel.  Hence  there  is  no  strict 
correspondence  between  the  course  of  the  bone  mischief  and  that  of  the 
cord  disease.  In  some  cases  the  paralysis,  motor  and  sensory,  remains  abso- 
lute.    More  often  the  sensory   loss    passes    away,    while    motor    paralysis 

*  See  Charcot,  "  Lecons  sur  les  Mai.  de  Syst,  Nerv.,"  torn,  ii. 
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remains,  usually  as  spastic  paraplegia,  with  muscular  contractions  due  to 
posture.  Life  may  be  prolonged  in  that  condition  for  years,  but  often  bed- 
sores form,  or  cystitis  leads  to  kidney  disease,  and  thus  the  patient  dies,  or 
the  lessened  respiratory  power  renders  an  attack  of  bronchitis  fatal.  In 
many  cases,  again,  the  paralysis  gradually  passes  away  even  when  the  com- 
pression continues,  and  the  cord  is  found  considerably  narrowed  if  the 
patient  dies  from  some  other  cause.  In  children  recovery  occurs  far  more 
readily  than  in  adults.  Even  in  adults,  however,  recovery  may  occur  from 
palsy  that  has  lasted  for  some  years  with  all  the  signs  of  descending  degen- 
eration in  the  cord.  Usually  rest  on  the  back  or  mechanical  supports  are 
necessary  to  secure  recovery,  but  it  occasionally  occurs  without  these  meas- 
ures. A  youth  acquired  angular  curvature  at  sixteen;  at  twenty  paraplegia 
came  on  slowly,  and  progressed,  with  some  variations,  during  the  next  seven 
years.  There  was  then  absolute  motor  palsy  in  the  legs,  and  sensation  was 
lessened.  He  continued  to  follow  his  occupation,  a  tailor,  but  took  cod- 
liver  oil  and  iron,  and  he  gradually  regained  useful  power,  so  as  to  be  able 
to  walk  about.     Such  a  case,  however,  is  exceptional. 

Relapses  are  apt  to  occur  in  cases  that  improve,  although  they  are  cer- 
tainly not  nearly  so  frequent  as  might  be  expected  from  the  nature  of  the 
disease.  In  the  majority  of  cases  recovery  is  permanent.  In  a  minority  the 
paralysis  returns  when  some  exciting  cause  renews  activity  in  the  bone  dis- 
ease. The  tendency  to  relapse  and  possibility  of  repeated  recovery  are 
very  strikingly  shown  by  the  following  case.  In  a  girl  of  fifteen,  paraplegia 
developed  during  nine  months,  slowly  at  first,  more  rapidly  toward  the  end 
of  that  time.  She  came  under  my  care  six  months  later,  having  been  unable 
to  walk  for  eight  months,  to  stand  for  seven,  and  to  move  her  legs  for  six. 
Bone  disease  had  not  been  previously  suspected,  but  there  was  slight  tender- 
ness and  enough  lateral  irregularity  of  the  mid-dorsal  spines  to  show  the 
nature  of  the  case.  Rest  in  bed  and  tonics  were  soon  followed  by  improve- 
ment ;  in  six  weeks  she  could  stand,  and  even  walk  with  help,  and  in  four 
months  was  discharged,  able  to  walk  well.  As  she  gained  power,  angular 
curvature  came  on,  prominence  of  the  seventh  and  eighth  dorsal  spines. 
Five  months  after  her  discharge,  she  fell  and  struck  her  back.  The  curva- 
ture increased,  and  her  legs  gradually  became  weak  again.  Seven  months 
after  the  fall  she  was  readmitted,  unable  to  stand,  although  the  paralysis  was 
not  absolute.  There  was  foot  clonus  on  each  side.  Sensibility  was  lessened 
below  the  ensiform  cartilage.  Rest  on  the  back  was  again  followed  by  slow 
improvement.  In  three  months  she  could  just  walk.  She  was  then  sus- 
pended, and  encased  in  plaster-of-Paris.  At  the  end  of  another  month  she 
could  walk  about  the  room,  and  no  clonus  could  be  obtained.  She  was  soon 
afterward  discharged,  and  her  progress  continued,  so  that,  at  the  end  of 
nine  months,  she  could  walk  five  miles,  and  there  was  no  trace  of  clonus, 
although  there  was  still  some  excess  of  the  knee  jerk.  She  soon  afterward 
married,  and  bore  a  child,  which  died  two  years  and  a  half  after  her  dis- 
charge. She  caught  cold  at  the  funeral,  and  a  fortnight  later  again  began 
to  lose  power ;  in  six  weeks  the  legs  were  almost  motionless,  with  marked 
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foot  clonus ;  sensation  to  touch  was  lost  up  to  the  umbilicus,  that  of  pain 
being  preserved.  Neither  rest  nor  encasement  caused  any  improvement. 
After  some  months  sulphide  of  calcium  was  given,  and  in  a  few  days  power 
began  to  return  ;  in  a  month  she  could  take  a  few  steps,  and  in  four  months 
she  could  walk  about  the  ward  without  difficulty.  She  made  another  good 
recovery.  Some  years  later,  however,  paralysis  again  came  on,  and  this 
attack  proved  permanent. 

Diagnosis. — When  clear  indications  of  caries  precede  the  paralysis,  the 
nature  of  the  case  can  hardly  be  mistaken.  The  obvious  inference,  that  the 
affection  of  the  cord  is  secondary  to  that  of  the  bone,  is  scarcely  ever  wrong. 
When  the  two  develop  together,  mistakes  in  diagnosis  are  often  made,  but 
are  usually  due  to  the  want  of  repeated  examinations  of  the  spinal  column. 
It  is  when  the  root  or  cord  symptoms  precede  distinct  evidence  of  bone 
disease  that  the  chief  real  difficulty  in  diagnosis  occurs ;  the  affection  is  apt 
to  be  mistaken  for  a  primary  disease  of  the  cord  or  its  membranes,  a  trans- 
verse myelitis  when  the  dorsal  region  is  affected,  a  progressive  muscular 
atrophy,  or  primary  pachymeningitis,  when  the  disease  is  in  the  cervical 
region.  A  correct  diagnosis  can  only  be  made  in  these  cases  by  recognizing 
the  significance  of  the  slight  bone  symptoms  that  are  always  present,  the 
deep  tenderness  and  often  slight  irregularity.  Even  slight  irregularity  derives 
significance  from  tenderness,  limited  in  extent,  and  corresponding  in  position 
to  the  deviation.  The  irregularity  may  be  absent  at  first,  and  then  its 
development  is  doubly  significant.  So,  too,  an  increase  in  the  amount  of 
displacement  may  give  significance  to  an  irregularity  that  is  no  greater  than 
is  occasionally  met  with  in  normal  spines. 

The  early  excess  of  the  cutaneous  reflex  action  (from  the  sole,  for  instance), 
while  not  diagnostic,  adds  weight  to  the  other  symptoms  of  bone  disease. 
It  may  be  very  marked,  even  while  the  patient  is  able  to  walk  about.  When 
root  pains  are  present  of  definite  character,  they  give  additional  significance 
to  the  other  symptoms,  since  it  is  rare  for  a  primary  myelitis  to  cause  more 
than  a  sense  of  constriction.  Spots  of  anaesthesia  along  the  course  of  the 
nerves  are  of  still  greater  diagnostic  value.  All  these  symptoms  derive 
additional  weight  from  their  coincidence  in  level  with  the  deep  spinal 
tenderness.  The  anaesthesia,  with  hyperesthesia  and  bone  tenderness,  some- 
■  times  serves  to  distinguish  the  pains  from  those  of  intercostal  neuralgia,  with 
which  they  may  be  confounded  at  an  early  stage  of  the  disease. 

When  damage  to  the  cervical  roots  causes  muscular  wasting  in  the  arms, 
the  case  may  be  mistaken  for  one  of  progressive  muscular  atrophy.  The 
irregular  distribution  of  the  wasting  differs  from  that  common  in  the  latter 
disease,  and  in  this  there  are  none  of  the  sensory  symptoms  which  are  usually 
so  pronounced  in  caries.  The  same  symptoms  may,  however,  be  produced 
by  a  primary  pachymeningitis,  and  the  further  distinction  between  the  two 
rests  on  the  presence  of  the  signs  of  bone  disease,  on  the  absence  of  the 
causes  of  meningitis  (of  which  syphilis  is  the  most  common),  and  on  the 
youthful  age  of  the  patient ;  cervical  symptoms  are  more  likely  to  be  due  to 
caries  if  the  patient  is  young  than  if  he  has  reached  adult  life,  and  conversely 


184  DISEASES    OF    THE    SPINE. 

they  are  more  likely  to  be  due  to  a  primary  pachymeningitis  in  adult  life 
than  in  youth: 

In  the  first  half  of  life  the  recognition  of  bone  disease  is  practically 
tantamount  to  the  recognition  of  caries.  In  the  second  half,  however,  the 
relative  infrequency  of  caries,  the  greater  frequency  of  growths  in  the  bone, 
and  the  occurrence  of  eroding  aneurisms  introduce  a  fresh  diagnostic  prob- 
lem. The  absence  of  any  other  indication  of  a  tumor  or  an  aneurism  is  the 
first  distinction,  and  the  second  is  the  fact  that  in  both  these  diseases  the 
root  pains  commonly  reach  a  degree  of  severity  scarcely  ever  attained  in 
caries,  and  are  especially  increased  by  movement,  often  to  an  intensity 
which  is  literally  frightful. 

When  there  are  merely  tenderness  of  the  spine  and  slight  weakness  of  the 
legs,  the  question  may  arise  whether  thare  is  organic  disease,  or  merely  the 
condition  termed  "spinal  irritation."  In  the  latter,  tenderness  is  usually 
found  over  a  considerable  area  of  the  spinal  column,  with  more  than  one 
point  of  special  intensity,  and  there  are  no  root  pains  or  spots  of  anesthesia. 
The  latter  sometimes  afford  important  help  in  the  diagnosis  of  an  obscure 
case.  In  some  instances,  however,  it  is  necessary  to  wait  and  watch  the 
progress  of  the  symptoms  before  a  definite  opinion  can  be  formed.  The 
same  general  principles  must  guide  the  diagnosis  between  caries  and  so-called 
hysterical  paraplegia  with  spinal  tenderness.  There  is  more  danger  that 
caries  of  the  spine  in  a  young  woman  may  be  passed  as  hysterical  paraplegia, 
than  of  the  opposite  error.  Especially  when  the  subjects  of  caries  present 
distinct  symptoms  of  hysteria,  there  is  risk,  as  experience  shows,  that  une- 
quivocal symptoms  of  caries  may  be  overlooked. 

Prognosis. — Our  ignorance  of  the  precise  character  of  the  morbid  process 
which  is  damaging  the  cord  renders  the  prognosis,  in  every  case  of  caries,  a 
matter  of  much  uncertainty.  Nevertheless  there  is  no  disease  of  the  cord 
in  which  symptoms  of  equal  gravity  so  often  pass  away.  The  cases  are  few, 
therefore,  in  which  hope  is  unjustified,  but  they  are  equally  few  in  which  we 
are  warranted  in  a  confident  expectation  of  recovery.  The  indications  that 
may  guide  the  prognosis  in  an  individual  case  are  slight.  In  childhood  the 
prospects  of  recovery  are  certainly  better  than  in  adult  life,  and  they  are 
least  in  declining  years.  Damage  to  the  cord  between  the  enlargements  is 
less  serious  than  when  these  are  affected,  because  the  strong  tendency  to 
trophic  changes  constitutes  a  grave  danger  when  the  lumbar  enlargement  is 
diseased,  and  the  diminished  breathing  power  an  equally  serious  danger  in 
disease  of  the  cervical  enlargement. 

But  how  perilous  a  condition  may  be  recovered  from  is  shown  by  the  fact 
that  the  child  mentioned  on  p.  180  with  paralysis  of  all  four  limbs,  the 
diaphragm,  and  weakening  of  the  intercostals,  made  a  good  recovery.  Still 
more  striking  is  a  case  narrated  by  Dr.  Buzzard,  in  which  disease  in  the  region 
of  the  third  cervical  vertebra  caused  almost  complete  palsy  of  arms,  legs, 
intercostals,  and  diaphragm,  respiration  being  carried  on  by  the  accessory 
muscles  of  the  neck.  Yet  the  child  recovered  in  spite  of  the  occurrence  of 
an  attack  of  pneumonia  when  the  paralysis  was  at  its  height.    Neither  rapidity 
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nor  slowness  of  onset  affords  any  guide  to  prognosis,  nor  does  the  relative 
order  of  paralysis  and  curvature,  nor  the  degree  of  palsy.  Even  pronounced 
spastic  paraplegia  may  pass  away  entirely.  The  prognosis  is  perhaps  a  little 
better  when  there  is  no  loss  of  sensation,  since  this  proves  that  the  damage 
to  the  cord  is  moderate  in  degree,  but  even  complete  anaesthesia  does  not 
•preclude  recovery,  as  the  cases  mentioned  show.  The  danger  to  life  is 
dependent  in  considerable  degree  on  the  evidence  that  the  scrofulous  or 
tubercular  tendency  is  active  elsewhere,  and  also  on  the  possibility  of  securing 
proper  treatment. 

Treatment. — The  first  and  chief  element  in  the  treatment  of  paralysis  is 
that  of  the  bone  disease  which  causes  it,  and  for  full  details  of  this  the  reader 
is  referred  to  treatises  on  surgery.  If  the  bone  disease  heals,  the  spinal  cord, 
in  most  cases,  will  recover.  The  two  most  potent  therapeutic  agents  are  the 
customary  measures, — persistent  recumbency,  and  tonics,  especially  cod-liver 
oil  and  iron.  In  the  cases  that  have  done  best  under  my  own  observation, 
these,  and  these  alone,  have  been  the  effective  agents.  Rest  should  be 
maintained  for  months.  The  posture  that  answers  best  is  upon  the  back. 
It  is  true  that  the  spine  is  then  the  lowest  part,  and  spinal  congestion  is 
favored,  but  experience  is  here  at  variance  with  theory,  and  the  greater  ease 
with  which  immobility  is  secured  and  maintained  seems  to  more  than  coun- 
terbalance the  disadvantages  of  this  posture.  If  no  improvement  occurs  after 
some  months'  rest,  suspension  may  be  tried.  It  is  said  to  be  sometimes 
attended  by  instant  improvement,  especially  in  children.  I  have  not  myself 
seen  any  instance  of  this  result,  which  can  only  occur  in  the  cases,  not  very 
common,  in  which  displaced  bone  compresses  the  cord.  It  may,  indeed,  be 
well  to  see  the  effect  of  suspension  before  rest  is  commenced.  The  plaster 
jacket  is  an  inefficient  substitute  for  rest,  and  an  unnecessary  concomitant — 
to  be  adopted  only  when  rest  cannot  be  secured.  It  may  be  tried  if  rest 
alone  has  failed.  In  caries  of  the  mobile  cervical  spine,  the  fixation  of  the 
head  by  the  support  of  a  "jury  mast  "  is  necessary. 

The  influence  of  cod-liver  oil  and  iron  is  as  marked  in  this  as  in  other 
scrofulous  diseases.  They  constitute  an  indispensable  adjunct  to  rest,  and 
may  be  effective  even  alone,  as  is  shown  by  the  case  mentioned  on  p.  182. 
But  rest  should  always  be  secured  if  possible. 

Counter-irritation,  opposite  the  seat  of  caries,  has  often  appeared  to  do 
good,  perhaps  acting  especially  on  the  process  of  myelitis  which  attends 
compression.  The  actual  cautery,  in  mild  form,  is  that  which  has  been  most 
frequently  useful.  Charcot  and  others  have  published  instances  of  speedy 
improvement  after  its  use.  It  is  not  always  effective,  nor  can  indications  for 
its  use  be  laid  down.  I  have  not,  myself,  seen  any  distinct  improvement 
after  the  use  of  the  cautery,  although  I  have  employed  it  in  a  considerable 
number  of  cases.  But  the  testimony  of  others  is  so  strong  as  to  justify  its 
adoption  if  the  symptoms  do  not  speedily  yield  to  other  treatment.  Sulphide 
of  calcium,  which  is  said  to  influence  scrofulous  processes,  deserves  trial. 
Although  I  have  not  seen  benefit  from  its  use  in  any  other  case  than  that 
mentioned  on  p.  183,  the  rapidity  of  improvement  in  that  case  was  very 
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striking.  Benefit  can  only  be  expected  from  its  use  when  inflammatory 
products  constitute  the  compressing  agent.  Extreme  care  in  general  man- 
agement, to  avoid  bedsores,  bladder  trouble,  and  bronchitis  are  of  great 
importance.  In  many  cases  there  is  a  tendency  to  improvement  after  a  time, 
especially  when  the  bone  disease  is  stationary,  or  the  cord  has  been  inflamed, 
and  in  these  the  mere  maintenance  of  life  may  result  in  recovery  of  strength.  • 
When  power  has  returned,  but  the  use  of  the  limbs  is  restrained  by  the 
muscular  contractions  which  come  on  during  the  paralysis,  the  ability  to 
stand  and  walk  may,  as  I  have  seen,  be  quickly  restored  by  tenotomy,  and 
more  slowly  by  the  use  of  extending  splints.  Electricity  is  useful  only  to 
maintain  the  nutrition  of  the  muscles  when  these  are  wasting.  The  com- 
bined teaching  of  the  pathology  of  caries  and  of  the  recent  experience  of 
antiseptic  surgery  justifies  the  anticipation  that  the  trephine  may  sometimes 
be  successful  when  other  agents  fail,  since  the  cause  of  compression  is  gener- 
ally outside  the  dura  mater,  and  the  power  of  recovery  of  the  cord,  when 
compression  is  removed,  is  very  great. 
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GROWTHS  IN  THE  SPINAL  COLUMN. 

The  bones  of  the  spine  are  sometimes  the  seat  of  primary  or  secondary 
growths,  and,  less  commonly,  are  invaded  by  tumors  springing  from  the 
structures  in  front  of  the  spine.  Cancer  (scirrhus  and  encephaloid)  and 
sarcoma  are  the  most  common  forms  of  tumor  that  begin  in  or  invade 
the  spine.  Myxoma  has  been  also  met  with.  Cancer  is  often  secondary  to 
a  primary  growth  elsewhere,  in  the  breast,  stomach,  etc.  A  primary  growth 
usually  begins  in  the  bodies  of  the  vertebra,  and  spreads  from  one  to 
another.  The  bodies  may  collapse,  because  the  soft  tissue  which  replaces 
the  bone  yields  under  the  weight  it  has  to  bear.  .Thus  angular  curvature 
may  occur.  From  the  bodies  the  growth  may  extend  into  the  lateral  pro- 
cesses, enlarging  them,  and  narrowing  the  intervertebral  foramina  through 
which  the  nerves  pass.  It  may  extend  into  the  arches,  and  even  into  the 
spines,  and  may  grow  into  the  muscles  and  beside  and  behind  the  vertebral 
column.  The  nerve  roots  suffer  (i)  by  pressure,  (2)  by  simple  inflamma- 
tion, (3)  sometimes  by  cancerous  infiltration.  They  may  thus  be  found 
reddened,  swollen  and  soft,  or  gray  and  atrophied,  or  enlarged  and 
hardened.  The  growth,  cancer  especially,  is  apt  to  spread  in  the  adipose 
tissue  between  the  bodies  and  the  dura  mater.  It  may  even  entirely  sur- 
round the  dura  mater  and  cord.  The  cord  may  suffer  compression,  but  this 
is  less  frequent  than  in  caries.  On  the  other  hand,  it  is  also  inflamed,  some- 
times acutely,  and  considerable  inflammation  without  compression  is  far 
more  frequent  than  in  caries.  Myelitis  occurs  without  any  perforation  of 
the  dura  mater.  Why  this  should  be  is  not  known.  The  inflammation  thus 
excited  sometimes  spreads  widely  in  the  cord.  The  growth  never  invades 
the  cord  itself.     In  rare  cases  the  cord  is  compressed  by  displaced  bone. 
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Etiology. — The  general  causes  are  the  same  as  those  of  similar  growths 
elsewhere.  Males  suffer,  however,  more  frequently  than  females,  and  the 
disease  is  most  common  between  forty  and  fifty  years  of  age.  An  injury 
has  been  supposed  sometimes  to  excite  a  growth  in  this  as  in  other  situations. 

Symptoms. — There  may  be  direct  symptoms  of  the  presence  of  the 
growth — pain  in  the  spine,  sometimes  severe,  sometimes  absent ;  local 
tenderness,  and  occasional  interference  with  movement  apart  from  pain.  A 
palpable  tumor  is  never  an  early  symptom,  but  ultimately  a  deep-seated,  hard 
swelling  may  be  felt  on  one  side  of  the  spine,  most  readily  and  earliest 
when  the  disease  is' in  the  cervical  region,  where  it  is  occasionally  percep- 
tible in  the  posterior  triangle  of  the  neck.  The  angular  curvature  which 
sometimes  occurs  may  not  differ  from  that  of  caries  in  its  external  charac- 
ters, or  it  may  be  accompanied  by  the  indications  of  a  tumor,  never  by  those 
of  an  abscess. 

The  nerves  suffer  almost  invariably  in  spinal  growths  and  give  rise  to  the 
most  distressing  symptoms,  which  are  also  the  earliest  and  most  frequent — 
radiating  pain,  felt  along  the  course  of  the  nerves  that  emerge  from  the 
diseased  portion  of  the  spine,  and  due  to  their  irritation  by  pressure  or 
inflammation. 

Such  pains  are  far  more  prominent  symptoms  in  this  disease  than  in  caries. . 
At  first  slight,  they  gradually  increase  to  extreme  intensity.  It  was  this 
character  that  led  Cruveilhier  to  call  the  disease  paraplegia  dolorosa,  a  name 
it  has  since  commonly  borne.  The  pains  are  paroxysmal ;  in  the  intervals 
the  patient  is  at  first  free  from  pain,  but  subsequently  pain  is  constant,  with 
paroxysms  of  greater  suffering  from  time  to  time.  It  is  usually  sharp,  lan- 
cinating pain,  and  its  special  characteristic  is  the  degree  in  which  it  is 
increased  by  movement.  The  distribution  in  the  arms,  trunk,  legs,  depends 
on  the  seat  of  the  disease.  It  is  extremely  rare  for  these  pains  to  be  absent, 
but  they  are  now  and  then  a  late,  instead  of  an  early,  symptom.*  Cuta- 
neous hyperaesthesia  usually  accompanies  them,  and  spots  of  anaesthesia 
often  develop  after  a  time  in  the  hypersesthetic  area.  Corresponding 
damage  to  the  motor  roots  may  cause  painful  muscular  contracture  (Fig.  50, 
p.  96),  paralysis,  and  wasting.  Paroxysms  of  spasm  often  attend  the  pains, 
especially  in  the  abdominal  muscles  when  the  disease  is  in  the  dorsal  region, 
and  are  apparently  reflex  in  nature. 

The  damage  to  the  cord  causes  symptoms  similar  to  those  in  caries,  and 
described  more  fully  in  the  chapter  on  "  Compression."  The  chief  differ- 
ence from  caries  is  the  frequency  of  a  rapid  onset  of  the  paraplegic  symp- 
toms, due  to  the  invasion  of  the  cord  by  acute  inflammation.  All  power  in. 
the  legs  is  often  lost  in  twelve  or  twenty-four  hours  from  the  onset,  and  this, 
when  no  curvature  has  taken  place.  Displacement  of  bone  has  also- 
been  known  to  cause  rapid  paralysis. f  On  the  other  hand,  in  very  slowly 
growing  tumors,  the  onset  of  the  palsy  may  be  gradual.     I  have  known  it 

*  The  pains  succeeded  curvature  in  a  case  described  by  L.  Humphry  {Lancet,  1884,  '1 
p.  15).  f .  Humphry,  loc.  sit. 
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to  occupy  several  years  in  reaching  a  considerable  degree.  Probably  in 
these  cases  the  mechanism  is  a  pure  compression.  Thus,  compared  with 
caries,  the  onset  is  more  often  rapid,  and  occasionally  much  more  deliber- 
ate. The  characters  of  the  resulting  paralysis  are,  as  a  rule,  similar  to  those 
in  caries,  but  are  more  frequently  modified  by  the  spread  of  inflammation. 
Hence  the  central  and  reflex  functions  of  the  lumbar  enlargement,  at  first 
normal  or  excessive,  may  be  afterward  lost,  although  the  bone  disease  is 
some  distance  above  it.  In  a  man  with  a  growth  in  the  mid-dorsal  region, 
paraplegia  came  on  rapidly,  evidently  from  myelitis,  and  was  followed  by 
foot  clonus,  etc.  But  a  few  weeks  later  the  clonus  suddenly  ceased,  the 
muscles  became  toneless,  with  loss  of  faradaic  irritability,  and  the  skin  began 
to  slough.  The  inflammation  had  spread  down  into  the  lumbar  enlarge- 
ment. Sensation  is  lost  rather  more  frequently  than  in  caries.  Other  symp- 
toms are  the  same  as  in  compression  from  any  cause.  The  course  of  the 
disease  is,  from  its  nature,  usually  progressive.  Occasionally,  however, 
some  improvement  occurs.  An  inflamed  cord  may  partially  recover  if  life 
is  prolonged  for  a  sufficient  length  of  time.  Much  more  rarely  the  pains 
may  lessen,  although  the  growth  spreads — perhaps  from  destruction  of  the 
irritated  nerves. 

The  duration  of  the  disease  varies  according  to  the  nature  of  the  growth. 
In  cancer  it  may  almost  always  be  measured  by  months.  In  slowly  grow- 
ing tumors  the  symptoms  may  last  for  years.  Death  may  be  due  to  bed- 
sores, etc.,  to  cystitis  and  kidney  disease,  to  growths  elsewhere,  or  the 
patient  may  be  simply  worn  out  by  the  prolonged  agony. 

Diagnosis. — The  recognition  of  the  disease  is  only  a  matter  of  certainty 
when  signs  of  a  tumor  are  present,  but  the  probability  almost  amounts  to 
certainty  when  such  symptoms  as  those  described  follow  a  primary  growth 
elsewhere.  It  must  be  remembered,  however,  that  similar  root  symptoms 
are  sometimes  due  to  a  growth  in  front  of  the  vertebral  column,  commenc- 
ing, for  instance,  in  the  glands,  and  irritating  the  nerves  as  they  emerge 
from  the  intervertebral  foramina. 

From  intercostal  neuralgia,  the  influence  of  movement  on  the  pain  is 
usually  a  sufficient  distinction,  even  when  cord  symptoms  are  absent.  The 
commonly  bilateral  character  of  the  pain  is  a  further  difference.  The  chief 
difficulty  in  diagnosis  is  the  distinction  from  caries  when  other  evidence  of 
growth  is  absent.  In  the  first  half  of  life  caries  would  alone  be  thought  of 
in  such  a  case,  but  in  the  second  half  the  two  diseases  are  about  equally  fre- 
quent. One  distinction,  suggestive,  not  absolute,  is  the  intensity  of  the  pain  in 
tumor,  taken  in  conjunction  with  its  great  increase  when  the  patient  moves. 
It  is  true  that  the  root  pains  of  caries  are  said  to  be  sometimes  most  severe, 
but  such  severity  is  not  frequent  enough  to  destroy  the  significance  of 
intensity.  I  have  not,  for  instance,  seen  a  single  case  of  caries  (of  a  large 
number)  in  which  the  pain  was  comparable  to  that  in  most  of  the  cases  of 
growth  that  have  come  under  my  observation.  Therefore,  while  absence  of 
pain  is  of  slighter  diagnostic  value  (in  favor  of  caries),  severe  intensity,  and 
agonizing  increase  by  movement,  are  strongly  in  favor  of  vertebral  growth. 
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111  each  disease  there  may  be  angular  curvature,  but  this,  in  growths,  is 
usually  soon  succeeded  by  other  signs  of  tumor.  In  caries  these  signs  are 
absent,  and  an  abscess  often  develops.  A  history  or  indication  of  tubercle 
is  strong  evidence  in  favor  of  caries.  These  points  will,  I  believe,  avail  for 
the  distinction  in  most  cases.  In  a  few  it  is  necessary  to  wait  and  watch 
before  an  opinion  can  be  formed.  The  distinction  from  tumors  of  the  spinal 
cord  and  membranes  is  considered  in  a  later  chapter. 

Prognosis. — The  prognosis  scarcely  requires  formulating.  The  chief 
differences  are  in  the  time  that  life  is  likely  to  last.  The  pains  usually 
persist,  in  spite  of  the  progress  of  the  disease,  although  there  is  a  bare  pos- 
sibility of  their  subsidence.  The  chance  of  any  return  of  power  in  the 
paralyzed  part  is  small,  although  not  quite  absent  if  the  palsy  develops  in  a 
manner  to  suggest  a  secondary  myelitis,  and  the  progress  of  the  growth 
itself  is  slow. 

Treatment. — This  must  necessarily  be  confined  to  the  relief  of  pain,  and 
to  the  avoidance  of  bedsores  and  other  results  of  the  cord  disease.  Morphia 
is  alone  effective  for  the  relief  of  the  pain,  but  unhappily  the  dose  has  to  be 
quickly  increased,  and  the  power  of  the  drug  is  lessened  by  custom.  It 
becomes  a  race  between  dose  and  pain,  in  which,  if  life  lasts  long,  the  pain 
not  uncommonly  gets  in  front  of  the  narcotic.  It  remains  to  be  seen 
whether,  in  this  as  in  so  many  other  diseases,  cocain  may  prove  an  effective 
substitute  for  morphia. 

VERTEBRAL   EXOSTOSES. 

Exostoses  sometimes  grow  from  the  bodies  of  the  vertebra?  into  the  spinal 
canal,  and  may  compress  the  cord  or  nerves.  They  are,  however,  exceed- 
ingly rare.  The  symptoms  may  be  those  of  slow  compression  of  the  cord, 
or  of  irritation,  expressed  chiefly  by  pain.  They  usually  resemble  those  of 
a  tumor  of  the  cord  or  membranes  rather  than  of  the  bones,  but  the  pain  is 
occasionally  increased  by  movement.  Their  chief  characteristic  is  extreme 
chronicity,  but  in  this  they  are  rivaled  occasionally  by  some  cord  tumors. 
In  a  case  (seen  with  Mr.  W.  Adams,  of  Camden  Town)  the  patient  suffered 
frequent  intense  paroxysms  of  pain  in  the  right  groin,  which  had  occurred 
for  two  years,  with  occasional  intervals  of  freedom.  There  was  some  weak- 
ness of  the  legs,  but  no  considerable  paralysis.  Ten  years  before  he  had 
had  some  loss  of  sensibility  in  each  thigh,  which  had  passed  away.  An 
intra-spinal  tumor  was  diagnosed ;  the  post-mortem  examination  (by  Mr. 
Coode  Adams)  revealed  exostoses  from  the  bodies  of  the  ninth  and  tenth 
dorsal  vertebras,  slightly  compressing  the  cord.  Although  extreme  chron- 
icity may  raise  a  suspicion  of  exostosis,  it  is  doubtful  whether  a  confident 
diagnosis  is  ever  justified  except  in  the  cases  in  which  there  are  similar 
exostoses  elsewhere. 

A  patient  with  multiple  exostoses,  under  the  care  of  my  colleague,  Dr. 
Barlow,  presented  paraplegia  of  gradual  onset,  which  was  supposed  during 
life,  and  found  after  death,  to  be  due  to  a  similar  exostosis  within  the  spinal 
canal.  It  had  sprung  from  one  of  the  lumbar  vertebra?  and  had  compressed 
the  nerves  of  the  cauda  equina. 


190  DISEASES    OF    THE   SPINE. 

SYPHILITIC  DISEASE. 
Syphilitic  caries  of  the  bodies  of  the  vertebrae  is  a  rare  variety,  the  symp- 
toms of  which  do  not  differ  from  those  of  the  scrofulous  form.  It  has  been 
observed  in  the  cervical  region,  secondary  to  deep  syphilitic  ulceration  of 
the  pharynx.  Nodes  of  the  vertebrae,  within  the  canal,  are  occasionally 
presumed  to  exist  and  to  compress  the  cord,  but  I  do  not  know  of  any 
pathological  observation  confirming  the  assumption,  and  it  is  probable  that 
most  of  the  supposed  instances  have  been  cases  of  syphilitic  gummata  in  the 
meninges.  Deep-seated  thickening  of  the  tissues  about  the  cervical  verte- 
bras sometimes  occurs  in  syphilitic  subjects.  It  may  develop  on  one  side  or 
both,  and  is  apparently  due  to  a  syphilitic  cellulitis.  The  swelling  may  be 
felt  either  on  each  side  and  behind  the  upper  cervical  spine,  or  deep  in  the 
posterior  triangle  of  the  neck.  Movements  of  the  neck  may  be  interfered 
with,  and  irritation  of  the  nerves  may  cause  neuralgia-like  pain,  sometimes 
felt  down  the  arm.  The  spinal  cord  does  not  usually  suffer.  All  the  symp- 
toms slowly  pass  away  if  iodide  is  given. 

EROSION  BY  ANEURISM. 

Bones,  like  other  structures,  may  atrophy  and  waste  before  the  pressure  of 
an  aneurism,  and  the  bodies  of  the  dorsal,  or  rarely,  of  the  lumbar  vertebrae 
may  be  thus  eroded  by  aneurisms  of  the  aorta.  The  pressure  and  absorption 
take  place  from  the  left  side.  Two  or  three  vertebrae  usually  suffer,  and 
the  bodies  more  than  the  intervertebral  cartilages.  The  periosteum  becomes 
thickened  and  may  resist  the  pressure  and  to  some  extent  protect  the  cord. 
Sometimes,  however,  the  cord  becomes  compressed,  or  the  periosteum  may 
come  to  form  part  of  the  wall  of  the  aneurism,  and  may  give  way  before  the 
blood  pressure,  so  that  rupture  occurs  into  the  spinal  canal. 

The  symptoms  vary  much.  Pain  along  the  nerve  roots  is  usually  severe, 
but  this  may  attend  aneurisms  that  merely  compress  the  nerves  after  their 
emergence,  and  do  not  damage  the  bone.  The  process  of  erosion  is  usually 
attended  by  severe  pain  in  the  spine.  When  the  cord  is  reached,  compres- 
sion causes  the  usual  paraplegic  symptoms  of  slow  or  rapid  onset.  Rupture 
into  the  canal  is  attended  by  sudden  complete  paraplegia  and  death,  either 
immediate  or  in  the  course  of  a  few  hours  from  ascending  paralysis,  due  to 
the  hemorrhage  around  the  spinal  cord. 

The  diagnosis  is  scarcely  possible  unless  other  indications  of  aneurism  are 

detected,  since  the  symptoms  closely  resemble  those  of  a  growth  in  the  bone. 

The  nature  of  the  disease  may,  however,  be  suspected  if  such  symptoms  as 

have  been  described  are  succeeded  by  sudden  paraplegia  followed  quickly 

by  ascending  paralysis. 

HYDATID  DISEASE. 

Hydatid  cysts  sometimes  develop  in  the  loose  adipose  tissue  between  the 
dura  mater  and  the  bone,  and  it  is  believed  that  they  sometimes  form  in  the 
substance  of  the  bones  themselves.  About  a  dozen  cases  have  been  col- 
lected by  Leyden.*    As  the  cyst  grows,  the  bone  of  the  arches  becomes 

*  Klinik  der  Ri'tckenm.  Krankh.,  Band  i. 
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atrophied  by  pressure,  and  the  cyst  develops  outside  the  canal,  so  that  there 
may  be  a  double  cyst,  outside  and  inside,  connected  by  a  narrower  part. 
Occasionally  the  cyst  develops  also  in  front  of  the  spine,  in  the  thorax  or 
abdomen.  The  internal  cyst  necessarily  compresses  the  spinal  cord,  which 
often  also  becomes  inflamed.  The  usual  paraplegic  symptoms  develop,  both 
motion  and  sensation  being  often  lost.  Radiating  pains  along  the  nerve 
roots  are  frequent.  The  symptoms,  in  themselves,  resemble  too  closely  those 
caused  by  other  diseases  of  the  spinal  column  to  permit  a  diagnosis  to  be  made 
unless  similar  disease  elsewhere  suggests  the  nature  of  the  spinal  lesion,  or 
unless  the  cyst  can  be  felt  in  the  back,  when  a  puncture  may  prove  its  nature. 
All  the  cases  hitherto  recorded  have  terminated  fatally,  but  it  has  been  con- 
jectured that,  if  puncture  can  be  effected,  a  cure  may  sometimes  be  possible. 

DISEASES  OF  THE  ARTICULATIONS. 
Lateral  Curvature  of  the  Spine  scarcely  ever  affects  the  functions 
of  the  cord.  Even  when  slight  compression  has  occurred,  the  slowness  of 
its  development  has  apparently  prevented  interference  with  function.  In 
very  rare  cases,  some  weakness  of  the  legs  has  been  present,  possibly,  but 
not  certainly,  the  result  of  the  curvature.  Occasionally  the  intervertebral 
foramina  have  been  narrowed,  and  the  pressure  on  the  nerves  has  caused 
radiating  neuralgic  pains. 

Arthritis  Deformans. — In  chronic  rheumatoid  arthritis,  the  interverte- 
bral articulations  may  be  attacked,  and  the  cartilages  may  undergo  atrophy. 
Enlargement  of  the  ends  of  the  bones  may  develop,  and,  in  thin  persons, 
the  swelling  may  even  be  felt.  The  symptoms  are  local  pain,  tenderness, 
and  limitation  of  movement,  which  may  go  on  to  absolute  fixation,  especially 
in  the  cervical  region,  if  anchylosis  occurs.  The  cord  is  scarcely  ever  com- 
pressed, but  the  narrowing  of  the  foramina  may  damage  the  nerve  roots,  and 
cause  radiating  pains,  and  sometimes  set  up  a  descending  neuritis.  The 
nerve  trunks  in  the  limbs  may  then  become  tender  as  well  as  painful,  muscu- 
lar atrophy  may  occur,  and,  when  the  disease  is  in  the  cervical  region,  there 
may  be  symptoms  of  disturbance  of  the  sympathetic.  Spasmodic  torticollis 
is  said  to  have  been  caused  by  this  disease  in  the  cervical  region.  The  atlo- 
occipital  articulation  has  been  affected  alone,  or  with  the  adjacent  vertebra, 
and  peculiar  interference  with  the  movement  of  the  head  has  resulted.  Some- 
times the  foramen  magnum  is  narrowed,  or  the  odontoid  process  projects 
into  the  canal.  Symptoms  of  damage  to  the  nerves  of  the  medulla  have 
been  noted  (Solbrig),  but  often  the  disease  has  been  found  out  at  the  post- 
mortem examination  without  being  suspected  during  life.  The  treatment 
of  vertebral  arthritis  is  the  same  as  that  of  the  disease  elsewhere,  nerve  symp- 
toms alone  needing  special  treatment,  such  as  is  described  in  the  section  on 
diseases  of  the  nerves. 

DISEASES  OF  THE  MEMBRANES  OF  THE  SPINAL  CORD. 
The  general  arrangement  of  the  membranes  of*  the  spinal  cord  has  been 
already  mentioned  (p.  122).     The  pia  mater  closely  invests  the  cord,  while 
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the  arachnoid  forms  a  loose  sheath  around  it,  and  the  two  membranes  are 
connected  by  trabecule  and  membranous  expansions  of  fine  connective 
tissue,  which  occupy  the  "subarachnoid  space."  Each  surface  of  the  dura 
mater  is  covered  by  a  layer  of  epithelium.  The  outer  sheaths  of  the  nerves 
are  continuous  with  the  dura  mater ;  the  connective  tissue,  within  the  outer 
sheath,  is  continuous  with  both  the  pia  mater  and  arachnoid.  The  blood 
vessels  of  the  cord  ramify,  as  we  have  seen,  in  the  pia  mater,  and  the  lym- 
phatic canals  of  the  two  are  continuous.  Most  of  the  cerebro-spinal  fluid 
within  the  vertebral  canal  is  contained  in  the  subarachnoid  space,  but  there 
is  a  little  fluid  between  the  dura  mater  and  the  arachnoid.  Both  dura  mater 
and  pia  mater  are  supplied  with  nerves,  but  those  of  the  pia  mater  are  the 
more  abundant. 

The  morbid  processes  that  involve  the  membranes  are  chiefly  three — 
growths,  hemorrhage,  and  inflammation.  The  consideration  of  tumors  of 
the  membranes  may  be  conveniently  postponed  until  the  consideration  of 
growths  in  the  spinal  cord,  with  which  they  have  much  in  common.  Inflam- 
mation of  the  membranes  and  hemorrhage  into  the  membranes  will  be  here 
described. 

SPINAL  MENINGITIS :  INFLAMMATION  OF  THE  MEMBRANES 
OF  THE  SPINAL  CORD. 

Inflammation  of  the  membranes  may  be  acute  or  chronic,  and  may  begin, 
and  affect  chiefly,  the  dura  mater  {pachymeningitis)  or  the  pia  mater  {lep- 
tomeningitis of  German  and  French  writers).  The  arachnoid  usually  suffers 
with  the  pia  mater,  but  is  sometimes  the  seat  of  inflammation  that  affects 
the  pia  mater  but  little,  a  form  that  has  been  termed  arachnitis.  Acute  in- 
flammation, beginning  in  one  membrane,  usually  spreads  to  the  others. 
Chronic  inflammation  may  remain  limited  to  one  membrane,  dura  mater  or 
pia  mater.  Inflammation  may  affect  the  outer  or  inner  surface  of  the  dura 
mater.  All  forms  of  acute  inflammation,  wherever  they  begin,  cause  similar 
symptoms.  It  is  only  when  the  inflammation  is  chronic  that  the  symptoms 
may  differ  sufficiently  to  allow  of  a  precise  diagnosis  of  the  membrane 
affected. 

Spinal  meningitis  may  be  conveniently  divided  into  two  forms:  (i)  that 
which  begins  outside  the  dura  mater,  and  commonly  arises  by  extension  from 
some  adjacent  focus  of  inflammation, — external  meningitis  ;  (2)  that  which 
begins  within  the  dura  matral  sheath,  and  is  often  primary,—  internal  men- 
ingitis. External  meningitis  may  spread  through  the  dura  mater,  and  the 
two  forms  then  coexist.  Internal  inflammation  rarely  spreads  to  the  outer 
surface  of  the  dura  mater. 

EXTERNAL  MENINGITIS. 

External  meningitis  is  thus  an  inflammation  of  the  dura  mater.     It  has 

been  termed  external  pachymeningitis,  peripachymeningitis  and  perimeningitis. 

The  inflammation  involve!  not  only  the  outer  surface  of  the  dura  mater,  but 

also  the  connective  tissue  which  intervenes  between  the  membrane  and  the 
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Fig.  So. 


bones,  and  in  which  are  the  venous  plexuses  and  a  quantity  of  adipose  tissue. 
In  most  cases  this  connective  tissue  is  inflamed  before  the  membrane  itself. 
The  morbid  process  usually  remains  limited  to  the  outer  surface  of  the  dura 
mater,  passing  through  the  membrane  only  when  the  inflammation  is  acute 
and  intense. 

Causes. — It  is  doubtful  whether  external  meningitis  is  ever  primary.  In 
most  cases,  perhaps  in  all,  it  arises  from  extension  from  adjacent  disease.  The 
most  common  cause  to  which  it  is  secondary  is  caries  of  the  spine.  It  may 
also  result  from  deep  sacral  bedsores,  and  suppuration  outside  the  spinal 
column,  such  as  retropharyngeal  abscess,  or  collections  of  pus  in  the  muscles 
near  the  spine,  in  the  back  or  abdomen.  At  the  same  time  it  is  possible 
that  an  abscess  found  outside  the  spine  has  occasionally  been  secondary  to 
the  suppuration  within  the  spinal  canal,  rather  than  the  cause  of  this.  Ex- 
ternal meningitis  has  been  thought,  in  rare  cases,  to  be  due  to  extension 
from  inflammation  of  the  loose  connective  tissue  beneath  an  inflamed  pleura, 
to  an  ascending  neuritis  from  a  limb,  and  to  syphilis. 

Pathological  Anatomy. — The  inflammation  is 
sometimes  simple,  but  far  more  frequently  purulent, 
or  semi-purulent.  In  the  former  case  the  outer  surface 
of  the  dura  mater  may  be  merely  reddened  and  opaque, 
with  a  little  lymph  on  the  surface.  When  the  inflam- 
mation is  purulent  the  surface  may  be  covered  by  a 
layer  of  pus.  Such  inflammation  is  commonly  the 
result  of  acute  septic  suppuration  in  the  vicinity,  and 
then  it  may  pass  through  the  dura  mater,  and  puru- 
lent internal  meningitis  coexists.  In  the  more  com- 
mon semi-purulent  form,  such  as  is  common  in 
caries  of  the  spine,  a  layer  of  inflammatory  products 
covers  the  outer  surface  of  the  dura  mater,  soft, 
semi-caseous,  or  firm  caseous  material,  sometimes 
with  liquid  pus  here  and  there,  or  contained  in 
cavities  within  the  firmer  substance.  This  layer 
may  be  of  considerable  thickness,  sometimes  half 
an  inch  thick  (see  Fig.  79,  p.  178).  It  may  sur- 
round the  dura  mater,  or  may  be  chiefly  situated 
on  one  side.  Sometimes  there  is  an  irregular 
nodular  thickening  of  the  outer  layer  of  the  dura 
mater  or  even  a  sort  of  fungoid  growth  from  it.  An 
example  of  this  is  shown  in  Fig.  80.  The  bulk  of 
these  inflammatory  products  may  cause  serious  com- 
pression of  the  cord.  In  most  cases  the  inner  sur- 
face of  the  dura  mater  and  the  pia-arachnoid  are 
normal  even  when  the  cord  itself  is  the  seat  of  pres- 
sure myelitis.     Occasionally  the  inner  surface  of  the 

dura  mater  is  also  inflamed,  and  adhesions  may  form  between  it  and  the  pia 
mater.    In  all  forms  of  external  inflammation,  the  fat  outside  the  dura  mater 
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quickly  becomes  absorbed.  The  membrane  may  ultimately  becon^  adherent 
to  the  bone.  The  vertical  extent  of  the  disease  varies  much.  When  secondary 
to  caries,  the  inflammation  is  usually  limited  to  the  neighborhood  of  the  bone 
disease.  In  other  cases  the  mischief  spreads  more  widely,  but  when  it  begins 
in  the  dorsal  or  lumbar  regions,  it  commonly  ceases  at  the  cervical  region,  in 
consequence  of  the  closer  attachment  of  the  dura  mater  to  the  bone.  In  most 
forms  of  external  meningitis  the  nerve  roots  suffer  as  they  pass  through  the 
membrane.     They  may  be  inflamed  and  swollen,  or  compressed  and  wasted. 

Symptoms.— In  different  cases  of  external  meningitis  the  symptoms  vary 
much,  and  they  are  usually  complicated  with  those  due  to  the  cause  of 
inflammation.  Those  that  are  produced  by  the  local  inflammation  which  is 
secondary  to  caries  have  been  already  described  in  the  account  of  that  dis- 
ease. In  other  acute  cases,  the  manifestations  of  the  process  are  nearly  the 
same  as  those  of  internal  meningitis,  presently  to  be  described  in  detail. 
The  chief  are  pain  in  the  back,  increased  by  movement,  accompanied  by 
stiffness  of  the  muscles  of  the  spine,  and  by  cutaneous  hyperaesthesia.  Another 
important  symptom  is  the  "  excentric  "  pain,  radiating  into  the  parts  sup- 
plied by  the  nerves  which  pass  through  the  inflamed  membrane,  and  due  to 
irritation  of  their  roots.  The  pains  accompany  the  hyperaesthesia,  and  are 
usually  associated  with  spasm  ;  they  may  be  followed  by  anaesthesia,  and 
sometimes  by  paralysis  of  the  muscles  supplied  by  the  nerves.  In  addition 
there  may  be  indications  of  interference  with  the  functions  of  the  cord  itself, 
due  to  its  compression  or  inflammation.  There  are  then  pains  in  the  limbs, 
often  so  great  as  to  prevent  walking,  paraplegic  weakness,  and  increased 
reflex  action  when  the  disease  is  above  the  lumbar  enlargement.  The  skin 
of  the  limbs  may  be  hypersesthetic  or  anaesthetic,  and  trophic  lesions  may 
occur. 

These  symptoms  differ  in  character  according  to  the  acuteness  of  the 
inflammation,  and  in  distribution  according  to  its  seat.  It  is  in  the  most 
acute  form  that  the  cord  suffers  and  corresponding  symptoms  are  developed. 
In  such  cases  there  is  usually  much  pyrexia.  In  chronic  cases,  although  the 
pain  may  be  considerable,  other  signs  of  irritation,  stiffness  and  muscular 
spasm,  may  be  inconspicuous,  and  the  symptoms  resemble  those  due  to 
bone  disease. 

Diagnosis. — The  most  important  indications  of  the- disease  are  the  verte- 
bral pain,  and  the  radiating  pains,  with  other  symptoms  of  irritation  of  the 
nerve  roots,  combined  with  the  signs  of  pressure  on  the  cord  itself.  These 
symptoms  have  much  in  common  with  those  of  internal  meningitis,  and  it 
is  doubtful  whether  a  diagnosis  of  external  inflammation  is  justified,  unless 
there  is  evidence  of  a  morbid  process  to  which  the  meningitis  may  be  sec- 
ondary. 

Prognosis. — The  acute  affection  is  a  grave  one,  most  recorded  cases  hav- 
ing ended  in  death.  But  it  must  be  remembered  that  the  disease  is  usually 
secondary  to  maladies  which  are  in  themselves  most  serious,  and  that  the 
exact  seat  of  the  inflammation  has  usually  been  made  out  only  after  death. 
It  is  possible,  therefore,  that  some  cases  which  have  recovered,  and  in  which 
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the  exact  form  of  meningitis  was  uncertain,  may  have  been  instances  of  this 
variety,  and  that  the  fatality  of  the  disease  may  not  be  so  great  as  published 
facts  suggest.  The  chronic  form,  which  results  from  caries,  is  only  serious  in 
the  compression  it  exerts  on  the  cord. 

Treatment. — The  first  and  most  important  element  is  the  treatment  of 
the  original  cause  of  the  disease,  the  caries,  etc.,  to  which  the  meningitis  is 
secondary.  Any  accessible  collection  of  pus  should  be  removed.  Rest, 
counter-irritation  to  the  spine,  especially  the  actual  cautery,  sedatives  to 
relieve  the  pain,  and  tonics  in  chronic  cases,  are  the  most  important  meas- 
ures. The  general  treatment  for  internal  meningitis  is  also  suitable  to  the 
external  form. 

INTERNAL  MENINGITIS. 
Internal  meningitis,  inflammation  beginning  within  the  dura-matral  sheath, 
may  be  either  acute  or  chronic.  The  acute  form  usually  commences  in  the 
pia  mater  and  arachnoid,  the  chronic  forms  may  begin  in  these  membranes, 
or  in  the  inner  surface  of  the  dura  mater.  Little  is  known  practically  of 
any  separate  affection  of  the  arachnoid. 

ACUTE  INTERNAL  MENINGITIS. 

Acute  internal  meningitis,  since  it  begins  usually  in  the  pia  mater  and 
arachnoid,  has  been  termed  "acute  leptomeningitis,"  but  it  only  remains 
limited  to  those  membranes  when  of  slight  degree.  In  other  cases  the  inner 
surface  of  the  dura  mater  is  also  inflamed.  Frequently  the  inflammation 
extends  rapidly  to  the  cord,  and  to  such  cases  the  term  "  meningo-myelitis  " 
is  often  applied.  The  inflammation  may  be  either  simple  or  purulent,  or  it 
may  be  secondary  to  tubercle.  It  also  occurs  in  conjunction  with  cerebral 
meningitis  in  epidemic  form.     Acute  simple  meningitis  is  a  rare  disease. 

Causes. — Little  is  known  of  the  predisposing  causes  of  acute  meningitis, 
except  that  the  disease  is  more  common  in  males  than  in  females  and  in 
early  adult  life  than  at  other  periods,  and  that  its  occurrence  is  favored  by 
depressing  influences  of  various  kinds,  especially  by  over-exertion.  Among 
traceable  exciting  causes,  the  most  important  is  exposure  to  cold,  such  as  is 
involved  in  sitting  on  damp  grass,  remaining  in  wet  clothes,  exposure  to 
cold  winds  during  perspiration.  It  may  result,  also,  from  various  traumatic 
influences,  from  fracture  to  simple  concussion,  and  from  surgical  procedures, 
such  as  puncture  of  the  sac  of  a  spina  bifida.  Insolation,  prolonged  expo- 
sure of  the  back  to  the  heat  of  the  sun,  has  been  the  apparent  cause  in  some 
instances.  Suppression  of  the  menses  has  been  regarded  as  a  cause  ;  and 
perhaps  the  predisposition  to  suffer  is  greater  at  the  menstrual  period,  but 
the  suppression  is  more  probably  a  coincident  effect  of  the  cause  of  the 
meningitis.  It  has  been  observed,  in  rare  cases,  to  come  on  in  the  course 
of  acute  febrile  diseases,  scarlet  and  typhoid  fever,  acute  rheumatism,  pneu- 
monia, and  in  the  course  of  septicaemia.  It  may  also  occur  by  extension, 
first  from  the  cerebral  membranes  in  cases  in  which  the  intra-cranial  inflamma- 
tion is  of  local  origin,   and,  secondly,  from  adjacent  disease,  outside  the 
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spinal  membranes.  External  meningitis  is  first  produced,  and  therefore  all 
the  causes  of  external  meningitis  may  also  be  occasional  causes  of  internal 
meningitis.  In  septicaemia  the  inflammation  is  always  purulent.  When  due 
to  other  causes  it  may  be  simple,  but  in  most  conditions,  an  acute  inflamma- 
tion may  go  on  to  the  formation  of  pus.  In  some  instances  no  cause  can  be 
traced.  Even  purulent  meningitis  occasionally  develops  from  some  thus 
obscure  cause,  especially  in  children. 

Pathological  Anatomy. — Internal  meningitis  is  usually  of  wide  extent, 
since  the  inflammation  spreads  readily  in  the  loose  tissue  of  the  arachnoid. 
Probably  also  the  movement  of  cerebro-spinal  fluid  aids  in  the  extension, 
by  conveying  from  one  part  to  another  irritant  material.  In  the  earliest 
stage,  of  which  few  observations  exist,  the  only  change  is  congestion  of  the 
pia  mater,  which  is  reddened  from  vascularity  and  dotted  with  ecchymoses. 


Fig.  82. 


Purulent  meningitis  ;  portion  of  spinal  cord  and  mem-  From  the  same ;  meshes  of  arachnoid  infiltrated  with 


branes ;  the  space  between  the  pia  mater  and  dura 
mater  is  occupied  by  inflammatory  products,  pus, 
etc.,  in  which  the  nerve  roots,  «  «,  are  embedded. 
a  a.  Cavities  which  had  apparently  been  filled  with 
liquid  pus.  From  a  case  of  septic  origin,  secondary 
to  caries  of  the  jaw. 


pus  corpuscles.  A  nerve  root,  n.  r.,  although  sur- 
rounded by  pus,  is  perfectly  normal,  and  so  also  are 
the  pia  mater, p.  m.,  and  the  peripheral  layer  of  the 
spinal  cord,  s.  c. 


The  inner  surface  of  the  dura  mater,  and  the  substance  of  the  spinal  cord, 
may  be  similarly  congested.  When  the  inflammation  is  further  advanced, 
in  the  stage  in  which  the  condition  most  often  comes  under  observation,  the 
pia  mater  and  arachnoid  are  opaque  and  thickened,  and  an  "exudation  " 
of  inflammatory  products,  grayish  yellow  in  tint,  may  cover  the  pia  mater 
and  occupy  the  meshes  of  the  arachnoid.  The  exudation  may  be  semi-puru- 
lent in  aspect,  and  in  the  suppurative  form  the  structures  are  bathed  in  pus. 
The  inner  surface  of  the  dura  mater  usually  presents  similar  changes,  and 
the  inflammatory  products  may  fill  up  the  whole  space  between  the  dura  and 
pia  mater,  thus  connecting  the  two  membranes  and  surrounding  the  nerve 
roots  (Fig.  81).  The  microscope  shows  abundant  leucocytal  elements,  and 
the  larger  round  and  spindle  cells  that  are  common  in  all  inflammatory  pro- 
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ducts.  The  former  corpuscles,  which  resemble,  and  are  probably  identical 
with,  pus  corpuscles,  may  be  abundant,  even  when  the  exudation  has  not  a 
distinctly  purulent  aspect,  and  when  it  has  they  constitute  almost  the  whole 
of  the  material,  lying  among  the  fibres  of  the  arachnoid  (Fig.  82).  The 
vessels  are  dilated,  and  their  sheaths  distended  with  cells.  The  spinal  fluid 
is  increased  in  quantity,  and  turbid  from  flocculi,  or  even  purulent  in  aspect. 
The  nerve  roots  are  covered  with  exudation,  and  are  often  swollen  and 
reddened  from  invasion  by  the  inflammation.  But  they  do  not  always  suffer, 
even  in  purulent  meningitis,  as  Fig.  82  shows,  in  which  a  nerve  root  is 
almost  normal  in  aspect,  and  its  sheath  is  unaffected,  although  it  is  sur- 
rounded by  pus  cells.  The  spinal  cord  is  often  invaded  by  the  inflamma- 
tion ;  it  is  reddened,  pale,  and  softened,  and  the  microscope  shows  the  tis- 
sue changes  common  in  other  forms  of  myelitis.  The  change  is  always  most 
marked  in  the  periphery  of  the  cord,  and  may  occur  in  wedge-shaped  areas, 
having  the  apex  directed  inward,  and  coalescing  at  the  periphery.  The  con- 
tinuity of  the  vessels,  and  lymphatic  spaces,  of  the  pia  mater  and  cord  ren- 
ders the  invasion  of  the  latter  intelligible.  In  some  cases  of  purulent  men- 
ingitis the  pia  mater  itself  is  little  affected,even  when  the  arachnoid  is  filled 
with  pus,  and  in  these  cases  the  spinal  cord  may  be  normal,  as  in  the 
example  shown  in  Fig.  82.  If  recovery  takes  place,  the  inflammatory  pro- 
ducts may  undergo  cicatricial  changes,  the  membranes  remaining  opaque  and 
adherent,  and  there  may  be  permanent  excess  of  the  arachnoid  fluid.  The 
changes  in  the  cord  may  lead  to  sclerosis,  widely  spread,  or  limited  to  cer- 
tain spots,  and  from  these  secondary  degenerations,  ascending  and  descend- 
ing, may  develop.  The  area  affected. varies  in  different  cases.  Occasion- 
ally the  membranes  are  involved  in  their  whole  extent.  Usually  the 
affection  is  greater  on  the  posterior  than  on  the  anterior  surface  ;  probably 
on  account  of  the  influence  of  the  recumbent  posture. 

In  tubercular  inflammation  the  amount  of  exudation  is  usually  less,  and  it 
may  be  absent.  If  present,  it  is  commonly  gray  and  gelatinous  in  appear- 
ance, and  in  it  are  scattered  the  grayish  or  whitish  tubercular  granulations. 
Similar  granulations  may  usually  be  found  in  abundance  upon  the  inner  sur- 
face of  the  dura  mater.  Such  gray  granulations  are  often  found  upon  the 
spinal  membranes  in  cases  of  tuberculosis  when  there  is  no  inflammation,  and 
even  when  the  cerebral  membranes  are  intensely  inflamed.  The  arachnoid, 
especially  that  covering  the  cauda  equina,  may  appear  as  if  dusted  over  with 
gray  particles,  so  abundant  are  the  granulations. 

In  many  cases,  the  signs  of  spinal  meningitis  are  associated  with  those  of 
inflammation  of  the  membranes  of  the  brain,  chiefly  of  those  about  the  base 
and  posterior  part  of  the  brain,  rarely  of  the  vertex.  The  continuity  of 
the  spinal  and  cerebral  inflammation  may  be  obvious  or  indistinct.  In  the 
latter  case,  the  connecting  inflammation  has  apparently  been  much  slightec 
than  that  in  the  base  of  the  brain  or  around  the  cord.  In  cases  of  slight 
cerebral  meningitis,  in  which  the  patient  has  been  recumbent,  signs  of  spinal 
meningitis,  opacity  of  the  arachnoid  and  its  distention  with  slightly  turbid 
fluid,  may  exist  only  in  the  cervical  region,  ceasing  opposite  the  upper  dorsal 
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vertebrae,  and  thus  extending  as  far  as  gravitation  (the  head  being  slightly 
raised  on  a  pillow)  favored  the  descent  of  inflammatory  products.  In  the 
violent  purulent  cerebro-spinal  meningitis  which  is  occasionally  produced 
by  a  septic  influence,  pus  around  the  cord  is  often  continuous  with'  that 
which  bathes  the  base  of  the  brain.  In  a  case  of  this  kind,  in  which  the 
meningitis  was  secondary  to  acute  double  purulent  otitis,  Leyden  found 
abundant  active  micrococci,  very  similar  to  those  associated  with  erysipelas. 

Symptoms. — Slight  pain  in  the  back,  and  malaise,  may  precede  the  acute 
onset  of  the  symptoms.  This  is  usually  marked  by  a  rigor,  by  pyrexia,  and 
by  severe  pain  in  the  back.  The  pain  varies  in  position,  according  to  the 
locality  of  the  inflammation.  It  is  often  felt  along  the  whole  extent  of  the 
spine.  Pain  also  radiates  along  the  distribution  of  the  nerves,  round  the 
trunk  or  to  the  extremities.  This  is  paroxysmal  and  very  intense ;  sharp, 
darting,  burning,  or  constricting.  The  pain  in  the  back  is  usually  constant, 
with  exacerbations.  It  is  often  increased  by  movement,  usually  also  by 
pressure  and  by  the  application  of  a  hot  sponge  to  the  skin.  It  is  no  doubt 
due  to  the  irritation  of  the  inflamed  meninges,  while  the  radiating  pain  is 
produced  by  the  inflammation  of  the  sensory  nerve  roots.  Muscular  spasm 
usually  comes  on  at  the  same  time  as  the  pain.  It  shows  itself  first  in  rigidity 
of  the  muscles  of  the  back,  most  marked,  if  the  inflammation  is  local,  in 
the  neighborhood  of  the  inflamed  part.  It  may  merely  cause  retraction  of 
the  head,  or  stiffness  of  the  back,  or  may  be  so  general  and  severe  as  to 
cause  opisthotonos,  resembling  that  of  tetanus.  The  spasm  usually  involves 
also  other  trunk  muscles,  especially  those  of  the  abdomen,  which  become 
hard  and  cramped.  The  limbs  also  become  rigid,  and  painful  cramp-like 
spasms  occur  in  them,  especially  on  attempts  to  move.  The  spasm  is  proba- 
bly in  part  due  to  the  irritation  of  the  motor  nerve  roots,  and  is  in  part 
reflex  from  the  irritation  of  the  sensory  fibres  distributed  to  the  pia  mater. 
There  is  usually  great  hyperesthesia  of  the  skin  to  all  forms  of  sensation, 
and  also  increased  sensitiveness  of  the  muscles,  especially  in  the  lower 
extremities.  Pressure  on  the  muscles  of  the  arms  may  cause  no  uneasiness, 
while  a  similar  pressure  on  those  of  the  legs  occasions  great  pain.  Reflex 
action  is  usually  increased  at  the  beginning.  There  are  constipation  and 
often  retention  of  urine,  in  spite  of  irritable  attempts  to  pass  water,  the 
result,  apparently,  of  reflex  spasm  of  the  bladder  and  sphincter.  The 
vascular  dilatation  which  follows  a  scratch  on  the  skin  is  prolonged  (menin- 
geal streak).  Dyspncea  may  result  from  the  spasm  of  the  thoracic  muscles, 
and  may  be  almost  suffocating  in  its  severity.  The  pulse  maybe  frequent  or 
retarded.  The  temperature  is  raised,  sometimes,  however,  to  only  a  slight 
degree.  Cerebral  symptoms,  headache,  delirium,  coma,  occur  when 
inflammation  has  extended  within  the  skull.  The  "  Cheyne-Stokes  breath- 
ing "  may  be  present,  from  implication  of  the  medulla. 

As  the  disease  progresses,  the  symptoms  of  irritation  give  place  to  those 
of  paralysis,  which  may  be  most  marked  where  the  rigidity  was  greatest. 
The  limbs  become  relaxed,  and  feeble  or  powerless.  Sensibility  is  lessened 
or  lost.     Reflex  action  disappears,  and  death  may  occur  from  asthenia,  or 
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from  paralysis  of  the  respiratory  muscles.  Toward  the  end  there  is  some- 
times considerable  rise  of  temperature.  In  some  cases  the  symptoms  become 
less  progressive  and  the  disease  passes  into  a  less  acute  stage;  the  pains 
persist,  the  loss  of  power  continues  and  may  even  slowly  increase.  Death 
may  occur,  after  weeks  of  suffering,  from  the  effects- of  bedsores  or  from 
secondary  kidney  disease,  due  to  the  retention  of  urine,  and  facilitated  by 
trophic  disturbance.  On  the  other  hand,  in  slight  cases,  the  signs  of 
irritation  may  lessen  and  pass  away,  while  those  of  structural  damage, 
paralysis  and  anaesthesia  may  remain,  and  to  these  may  be  added  muscular 
atrophy  and  contractures,  from  the  secondary  consequences  of  the  lesions  of 
the  nerve  roots.  Such  persistent  symptoms  vary  much  in  extent  and  degree, 
according  to  the  position  and  intensity  of  the  morbid  process.  The  symptoms 
of  damage  to  the  cord  may  slowly  increase,  in  consequence  of  the  spread  of 
chronic  myelitis,  or  still  more  chronic  degeneration,  set  up  by  the  acute  mis- 
chief.   In  very  slight  cases  the  symptoms  of  meningitis  may  pass  entirely  away. 

The  symptoms  above  described  vary  in  their  grouping,  according  to  the 
position  of  the  disease.  When  the  membranes  over  the  lumbar  enlargement 
are  chiefly  affected,  the  pains,  hyperesthesia,  and  cramps  are  confined  to 
the  legs  and  loins.  When  the  disease  is  in  the  dorsal  region  there  may  be 
similar  hyperesthesia  and  spasm  in  the  legs,  but  the  pain  and  cramp  extend 
higher,  and  involve  the  trunk.  If  the  cervical  region  is  affected,  the  symp- 
toms extend  to  the  upper  extremities,  the  dyspncea  may  be  great,  and  there 
is  often  difficulty  in  swallowing.  Contraction  or  dilatation  of  one  or  both 
pupils  may  occur.  Extension  to  the  brain  is  marked  by  vomiting,  general 
headache,  delirium,  and  paralysis  of  cranial  nerves.  If  such  symptoms  pre- 
ceded those  of  spinal  meningitis,  we  may  conclude  that  the  inflammation 
commenced  within  the  skull,  and  descended  to  the  spine.  The  symptoms 
vary  somewhat  according  to  the  nature  of  the  inflammation.  In  purulent 
meningitis,  strange  to  say,  the  symptoms  of  irritation  are  sometimes  very 
slight,  apparently  because  there  is  little  tendency  to  invade  the  nerve  roots. 
In  the  case  from  which  Figs.  81  and  82  were  taken  there  were  hardly  any 
symptoms  to  suggest  meningitis,  and,  although  there  was  paraplegia,  it  was 
probably  produced  by  the  mere  pressure  of  a  large  collection  of  pus  on  the 
spinal  cord.  There  were  no  pains  or  spasms.  The  case  was  apparently  of 
septic  origin.  The  duration  of  the  acute  symptoms  varies  from  a  day  or  two, 
in  severe  cases,  which  end  in  death,  to  two  or  three  weeks,  in  cases  of  less 
severity,  which  may  end  in  either  death  or  recovery.  The  duration  of  the 
subacute  and  chronic  symptoms  that  supervene  is  to  be  measured  by  months, 
and  sometimes  by  years. 

The  symptoms  of  tubercular  spinal  meningitis  resemble  those  which  have 
been  described,  but  are  usually  less  intense.  There  is  pain  in  the  back  and 
loins,  with  stiffness  of  the  spine  and  retraction  of  the  neck,  so  that  it  may 
be  difficult  to  bend  the  head  forward.  There  is  also  variable  rigidity, 
hyperesthesia  and  tingling  in  the  limbs,  followed  by  lessened  sensibility 
and  paraplegic  symptoms.  Herpes  along  the  course  of  an  intercostal  nerve 
has  been  noted. 
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Diagnosis. — The  diagnosis  of  the  disease  rests  on  the  pain  in  the  back, 
the  rigidity  of  the  spine,  the  hypersesthesia  and  spasms  in  the  limbs,  excited 
especially  by  attempts  to  move  them,  the  acute  onset  of  the  symptoms  and 
their  association  with  pyrexia.  In  simple  myelitis,  on  the  other  hand,  there 
is  little  pain  in  the  back,  paralysis  occurs  early  and  is  the  characteristic 
symptom,  and  there  is  little  or  no  spasm  in  the  limbs  in  the  early  stage  of 
the  affection.  Often,  however,  some  meningitis  occurs  at  the  onset  of 
acute  myelitis,  and  then  some  pain  in  the  back  and  slight  rigidity  in  the 
limbs  may  precede  or  accompany  the  onset  of  the  paralysis.  In  such  cases 
the  predominance  of  the  meningeal  or  cord  symptoms  must  determine  the 
category  in  which  the  case  is  to  be  placed.  Tetanus  is  attended  by  rigidity 
of  the  back,  and  by  spasm,  but  there  is  no  fever  at  the  onset,  trismus  is  an 
early  and  obtrusive  symptom,  and  the  paroxysms  of  muscular  spasm  are 
excited  by  peripheral  impressions  much  more  readily  than  in  meningitis,  in 
which  they  occur  chiefly  on  attempts  to  move.  Rheumatism  of  the  dorsal 
muscles  may  cause  pain  in  the  back  on  movement,  but  there  is  not  the  spon- 
taneous pain,  or  the  spasm  in  the  muscles,  which  characterize  meningitis. 
In  gonorrheal  rheumatism  both  spinal  and  radiating  pain  may  exist,  prob- 
ably from  an  affection  of  the  vertebral  articulations,  similar  to  that  which 
exists  elsewhere.  The  affection  of  other  joints  and  the  absence  of  rigidity 
are  commonly  sufficient  for  the  diagnosis.  The  diagnosis  of  tubercular  spinal 
meningitis  depends  on  the  combination  with  cerebral  meningitis,  which 
usually  precedes  the  spinal  symptoms,  and  on  the  gradual  and  insidious 
onset.  Indications  of  the  tubercular  or  scrofulous  diathesis  are  commonly 
present  in  the  state  of  other  organs,  or  to  be  ascertained  from  the  family 
history  of  the  patient. 

Prognosis. — The  prognosis  is  grave  in  all  cases.  It  is  worse  the  more 
severe  and  acute  are  the  symptoms,  the  higher  the  temperature,  and  the 
sooner  the  symptoms  of  irritation  give  place  to  those  of  paralysis.  It  is 
worse,  also,  when  due  to  lesions  of  the  spinal  column  or  to  tuberculosis,  than 
when  due  to  cold,  and  worse  in  the  so-called  "spontaneous"  cases  than  in 
those  which  result  from  traumatic  causes.  Recovery  is  more  probable  in 
middle  life  than  in  early  or  advanced  age.  The  previous  health  of  the 
patient  also  influences  the  prognosis.  It  must  always  be  remembered  that 
even  if  the  patient  survives  the  period  of  acute  inflammation,  serious  perma- 
nent mischief  may  remain. 

Treatment.— Perfect  rest  and  quiet  are  of  the  greatest  importance 
throughout  the  course  of  the  disease.  All  noise  should  be,  as  far  as  possible, 
excluded  j  the  light  should  be  subdued,  and  all  bodily  movement  and  men- 
tal exertion  as  far  as  possible  avoided.  Although  it  is  undesirable  that  the 
spine  should  be  the  lowest  part  of  the  body,  yet,  in  acute  meningitis,  it  is 
scarcely  possible  for  the  patient  to  lie  in  any  other  posture.  The  prone 
position  interferes  with  respiration,  and  both  it  and  a  lateral  posture  cannot 
be  borne  on  account  of  the  greater  muscular  exertion  which,  directly  or 
indirectly,  they  entail.  Dry,  or,  in  robust  patients,  wet  cupping,  or  leech- 
ing, along  the  spine  may  be  employed  at  the  onset,   and  be  followed  by 
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the  local  application  of  ice;  by  means  of  a  spinal  ice  bag  which  may- 
be extemporized  with  gutta-percha  tissue  made  to  adhere  by  touching  it 
with  chloroform.  Counter-irritation,  by  blisters  or  repeated  sinapisms,  is 
more  useful  when  the  disease  is  subsiding  than  at  the  onset.  In  cases  that 
are  due  to  cold,  free  diaphoresis  often  does  good ;  a  hot  air  or  vapor  bath 
should  be  employed  at  the  onset  of  the  treatment.  A  warm  bath  may  be 
followed  by  moist  packing  for  several  hours.  The  relief  thus  given  is  some- 
times very  great.     The  bowels  should  also  be  freely  opened. 

The  only  internal  remedy  which  has  been  held  in  general  repute,  as  capa- 
ble of  influencing  the  inflammatory  process,  is  mercury.  The  confidence 
placed  in  it  of  old  is  not  altogether  unwarranted.  It  may  be  given,  guarded 
with  opium  to  avoid  irritation  of  the  bowels,  until  there  is  a  very  gentle  affec- 
tion of  the  gums.  The  oleate  of  mercury  may  be  rubbed  in  along  the  spine. 
It  irritates  the  skin,  and  then  may  combine  some  counter-irritant  influence. 
Iodide  of  potassium  seems  to  have  little  influence  over  acute  inflammation. 

It  is  necessary  to  give  sedatives  for  the  relief  of  the  pain  and  spasm.  Of 
these  morphia,  given  by  the  skin  or  the  mouth,  is  alone  really  effective. 
Sometimes  inhalations  of  chloroform  are  necessary  to  relieve  the  intense 
suffering.  In  slight  cases  relief  may  be  afforded  by  belladonna,  or  by  atro- 
pine hvjected  beneath  the  skin.  Chloral,  or  chloral  and  bromide,  may  be 
given  if  there  is  insomnia. 

When  the  disease  has  passed  into  a  chronic  stage,  iodides  have  been 
thought  useful.  Counter-irritation  may  be  freely  employed  with  advantage. 
Tonics,  iron,  quinine,  and  even  strychnia,  are  beneficial.  Warm  baths,  as 
those  of  Bath  and  Aix  les  Bains,  seem  sometimes  of  service,  especially  em- 
ployed as  hot  douches  to  the  spine.  The  local  consequences,  muscular 
atrophy,  contracture,  etc.,  need  special  local  treatment  by  electricity,  rub- 
bing, and  the  like. 

Epidemic  cerebro-spinal  meningitis  is  described  in  the  section  on  diseases 
of  the  cerebral  membranes. 

CHRONIC  INTERNAL  MENINGITIS. 

Chronic  inflammation  of  the  membranes  of  the  cord,  within  the  dura-matral 
sheath,  is  divided  into  two  forms,  according  as  it  begins  in,  and  chiefly 
affects,  the  dura  mater,  chronic  internal  pachymeningitis ,  or  the  pia  mater 
and  arachnoid,  chronic  leptomeningitis.  Although  these  forms  sometimes 
present  distinct  clinical  and  pathological  features,  they  have,  when  of  con- 
siderable degree,  many  characters  in  comnion  j  they  own  the  same  causes 
and  need  the  same  treatment.  Hence  it  is  most  convenient  to  describe 
them  together  as  forms  of  internal  meningitis.  The  condition  termed 
hematoma  of  the  dura  mater  depends  on  a  form  of  hemorrhagic  inflam- 
mation. 

Causes. — Chronic  internal  meningitis,  in  every  form,  is  most  frequent  in 
adult  age,  and,  like  acute  inflammation,  affects  men  more  frequently  than 
women.  It  has  been  observed  in  persons  with  neurotic  heredity,  although 
whether  any  influence  is  to  be  ascribed  to  this  relation  is  doubtful.     Debili- 
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tating  influences  of  various  kinds  may  predispose  to  the  disease,  and  it  is 
sometimes  the  result  of  constitutional  syphilis  and  of  chronic  alcoholism. 
The  syphilitic  form  often  reaches  a  high  degree  of  intensity.  Among  excit- 
ing causes  the  most  important  is  prolonged  and  habitual  exposure  to  cold. 
It  is  doubtful  whether  simple  mechanical  congestion  ever  produces  the  dis- 
ease. Traumatic  lesions,  concussion,  etc.,  are  occasional  causes,  and  the 
affection  has  been  ascribed  to  prolonged  over-exertion  and  to  sexual  excess. 
It  may  result  by  extension  from  inflammation  outside  the  dura  mater  and 
from  chronic  inflammation  of  the  substance  of  the  cord  itself.  Chronic 
cerebral  meningitis  is  sometimes  associated  with  the  spinal  inflammation, 
but  it  is  often  uncertain  whether  the  association  is  due  to  extension  or  whether 
both  are  the  result  of  a  common  cause.     Lastly,  it  must  be  noted   that 


Chronic  alcohol  meningitis.  Section  of  edge  of  anterior  column  and  of  a  large  nerve  root  ^  carmine  prepara- 
tion, p.  m,  Pia  mater  irregularly  thickened  and  transformed  into  amorphous-looking  tissue,  from  which 
wedge-shaped  branching  tracts  (je  x)  extend  into  the  white  substance  ;  f.f. ,  fasciculi  of  nerve  fibres  enter- 
ing the  cord ;  a. ,  an  artery  in  the  nerve  root,  enlarged  and  with  thickened  walls  ;  t.t.,  tracts  of  amorphous 
connective  tissue  ;  e.,  a  small  extravasation. 


chronic  meningitis  may  be  a  sequel  to  the  acute  form.  Hemorrhagic  pachy- 
meningitis occurs  especially  in  the  insane,  but  has  been  met  with  as  a  conse- 
quence of  chronic  alcoholism  and  after  injuries. 

Pathological  Anatomy. — In  slight  and  moderate  degree  there  is  merely 
ppacity  and  thickening  of  the  membranes  affected,  sometimes  with  disten- 
tion of  vessels  or  minute  spots  of  extravasation.  The  inner  surface  of  the 
dura  mater  may  be  granular.  The  spinal  fluid  is  increased  in  quantity  and 
is  turbid.  The  opacity  of  the  arachnoid  may  be  such  that  the  spinal  cord 
cannot  be  seen  through  it.  When  the  changes  are  greater  in  degree,  the 
dura  mater  and  pia  mater  may  be  connected  together  by  a  tract  of  inflam- 
matory tissue  of  considerable  thickness,  so  that  it  may  be  impossible  to  say 
in  which  membrane  the  disease  commenced.     The  microscope  shows  the 
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ordinary  elements  of  inflammatory  tissue,  cells  of  various  kinds,  many  lym- 
phoid and  pus-like  corpuscles,  and  distended  vessels,  often  encrusted  by 
lymphoid  cells.  Frequently  also  the  pia  mater  is  transformed  into  a  thick 
irregular  layer  of  homogeneous  tissue  in  which  no  distinct  cell  elements  can 
be  perceived,  and  only  faint  indications  of  a  fibrous  structure  (Fig.  83). 
The  walls  of  its  vessels  may  be  greatly  thickened  by  similar  material. 

The  nerve  roots  passing  through  the  diseased  membranes  are  usually 
inflamed,  reddened,  and  swollen,  and  afterward  may  be  compressed  and 
atrophied,  if  the  amount  of  new  tissue  formed  about  them  is  considerable. 
They  suffer  thus  especially  when  the  inflammation  involves  the  dura  mater, 
on  account  of  the  unyielding  character  of  the  fibrous  sheaths  which  they 
receive  from  that  membrane.  When  the  pia  mater  is  thickened,  scattered 
tracts  of  connective  tissue  may  be  seen  in  the  substance  of  the  nerve  roots, 
between  the  fibres  (Fig.  83,  f). 

The  spinal  cord  may  be  little  affected,  but  is  frequently  damaged  by  the 
extension  to  it  of  the  inflammation,  causing  softening,  vascularity,  loss  of 
distinction  between  gray  and  white  substance,  breaking  down  of  nerve  ele- 
ments, and  infiltration  by  lymphoid  and  angular  cells.  It  may  also  suffer, 
when  the  amount  of  newly-formed  tissue  is  considerable,  by  compression 
alone  or  in  combination  with  the  inflammation  which  usually  accompanies 
pressure.  When  the  pia  mater  is  thickened,  tracts  of  similar  tissue  may 
extend  into  the  cord,  becoming  narrower  as  they  pas's  inward  and  sending 
out  branching  trabecular  (Fig.  83,  x).  Between  these  tracts  the  nerve  fibres 
may  be  normal  or  degenerated. 

The  membrane  in  which  the  inflammation  begins  may  be  much  more 
affected  than  the  other,  although  the  latter  is  very  rarely  healthy  except  in 
the  slightest  cases.  Inflammation  beginning  in  the  pia  mater  and  arachnoid 
is  often  extensive  in  range.  That  which  commences  on  the  inner  surface  of 
the  dura  mater  is  frequently  localized.  This  local  inflammation  of  the  inner 
surface  of  the  dura  mater  often  leads  to  the  formation  of  a  large  amount  of 
new  tissue,  and  has  been  described  by  Charcot  and  Joffroy  as  hypertrophic 
internal  pachymeningitis.  It  affects  most  commonly  the  cervical  region,  but 
sometimes  occurs  at  the  lower  part  of  the  cord.  On  opening  the  spinal  canal 
a  fusiform  tumor  is  seen,  the  outer  surface  of  which  is  the  unaltered  outer 
surface  of  the  dura  mater,  and  on  section  the  enlargement  is  seen  to  depend 
chiefly  on  a  great  thickening  of  the  inner  part  of  this  membrane,  sometimes 
amounting  to  one-fifth  of  an  inch  ;  several  layers  of  new  tissue  can  often  be 
distinguished.  The  pia  mater  may  be  normal,  but  is  more  commonly  thick- 
ened, and  it  is  often  united  to  the  tissue  proceeding  from  the  dura  mater. 
The  cord  is  compressed  and  commonly  softened  at  the  spot,  and  it  presents 
signs  of  old  inflammation.  The  nerve  roots  are  also  greatly  damaged  by 
compression  by  the  newly-formed  tissue.  In  other  cases  the  thickening  of 
the  dura  mater  is  slighter  and  more  diffuse,  affecting  occasionally  a  wide 
extent  of  the  membrane.  Sometimes  at  the  spot  most  affected,  the  cord 
may  be  surrounded  by  a  ring  of  new  tissue  of  cartilaginous  hardness.  The 
vertical  extent  of  the  disease  varies  much.     It  is  often  considerable,  some- 
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times  universal,  but  occasionally  it  is  small.  The  membranes  above  the 
cauda  equina  may  alone  be  affected — the  dura  and  pia  mater  adherent,  and 
the  nerves  united  in  a  fibrous  mass. 

It  is  doubtful  whether  the  white  fibroid  or  cartilaginous  plates  found  so 
often  in  the  arachnoid  after  death  have  any  connection  with  preceding 
inflammation.  In  most  cases  in  which  they  are  found  no  symptoms  have 
existed  during  life.  It  is  said,  however,  that  when  they  are  numerous  and 
extensive  they  may  give  rise  to  symptoms  closely  resembling  those  of  chronic 
meningitis.  (Vulpian.)  Fibroid  plates  in  the  dura  mater  have  been  seen 
in  a  case  in  which  previous  symptoms  suggested  that  they  resulted  from 
chronic  inflammation.     (Jaccoud.) 

In  the  rare  cases  in  which  the  inner  surface  of  the  dura  mater  is  the  seat 
of  a  form  of  hemorrhagic  inflammation  similar  to,  and  commonly  associated 
with,  that  which  affects  the  cranial  membrane  (internal  hemorrhagic  pachy- 
meningitis, haematoma  of  the  spinal  dura  mater),  a  reddish'-brown  exudation 
covers  the  surface  of  the  membrane.  It  is  composed  of  fibrin  and  extrava- 
sated  blood  ;  the  latter  may  be  encysted  in  small  cavities,  or  may  be  in  vari- 
ous stages  of  transformation.  The  change  commonly  extends  over  a  great 
part  of  the  cord.  It  is  apparently  the  result  of  hemorrhage  into  inflamma- 
tory tissue. 

Symptoms. — The  symptoms  of  chronic  internal  meningitis,  like  those  of 
the  acute  form,  are  due  to  the  irritation  of  the  membranes,  to  the  damage 
to  the  nerve  roots,  and  to  the  affection  of  the  cord.  In  the  different  forms, 
one  or  another  of  these  sets  of  symptoms  predominate,  so  that  the  varieties, 
while  possessing  many  characters  in  common,  may  differ  considerably  in 
their  clinical  aspect.  In  some  cases,  we  can  infer,  with  accuracy,  the  special 
form  of  the  disease,  but  in  many  others  we  cannot  carry  our  diagnosis  beyond 
the  conclusion  that  chronic  internal  meningitis  exists,  and  are  unable  to  say, 
even  with  probability,  which  membrane  is  primarily  affected. 

The  common  symptoms  are  these:  There  is  pain  in  the  back,  increased 
by  movement,  sometimes,  however,  amounting  only  to  heavy,  dull  discom- 
fort, and  accompanied  by  some  stiffness  of  the  back,  and,  when  in  the  cervical 
region,  by  some  retraction  of  the  head.  The  pain  is  increased  by  pressure 
on  the  spines,  and  its  increase  by  movement  may  cause  a  fixation  of  mobile 
parts,  as  the  neck,  in  some  abnormal  position.  The  pain  is  apparently  due 
to  the  irritation  of  the  meningeal  nerves,  and  the  rigidity  is  to  be  regarded 
as  a  reflex  effect  of  this  irritation. 

Still  more  conspicuous,  in  many  cases,  are  the  radiating  or  excentric  pains 
due  to  the  irritation  of  the  nerve  roots,  and  referred  to  the  region  in  which 
the  nerves  are  distributed,  back  of  the  head,  neck,  arms,  thorax,  abdomen, 
loins,  or  legs,  according  to  the  position  of  the  disease.  These  pains  are  often 
very  severe,  sharp,  darting,  burning,  or  rheumatoid  in  character,  paroxysmal 
in  occurrence,  and  sometimes  worse  at  night.  They  may  be  accompanied 
by  a  painful  sense  of  constriction,  and  by  various  unpleasant  sensations, 
numbness,  tingling,  formication,  in  the  same  areas.  Hypersesthesia  may 
also  exist,  so  that  pain,  sometimes  thrilling  in  character,  is  produced  by 
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touching  the  skin,  or  by  slight  degrees  of  heat  or  cold,  and  a  hot  or  cold 
sponge  passed  along  the  skin  of  the  back  may  reveal  the  chief  seat  of  disease 
by  the  change  of  sensation  at  its  level.  The  hyperesthesia 'may  be  more 
marked  to  one  form  of  sensation  than  to  another.  Cutaneous"  eruptions, 
such  as  result  from  other  nerve  lesions,  have  also  been  observed  in  association 
with  the  pains.  In  the  same  regions,  muscular  twitching,  tremor,  or  even 
spasm,  may  result  from  the  irritation  of  the  motor  root  fibres.  These  symp- 
toms correspond  in  their  level  to  the  part  of  the  membranes  chiefly  diseased. 
When  the  lumbar  membranes  are  affected,  the  radiating  pains  are  felt  in  the 
legs,  but  when  the  disease  is  higher  up,  the  legs  may  merely  feel  heavy,  and 
be  the  seat  of  slight  abnormal  sensations. 

These  pains  having  lasted  for  a  time,  weeks  or  months,  certain  paralytic 
symptoms  manifest  themselves.  The  pains  sometimes  persist,  but  may  cease 
when  paralysis  comes  on.  Some  paralytic  symptoms  occur  in  the  regions  in 
which  the  severe  pains  are  felt,  and  depend  on  further  damage  to  the  nerve 
roots.  Sensation  becomes  lessened,  or  even  lost,  in  certain  areas,  to  touch, 
or  pain,  or  both.  The  muscles  in  the  same  region  become  weak,  and  waste; 
their  irritability  to  faradaism  is  lessened,  that  to  voltaism  may  persist  or  may 
also  become  less  than  normal.  The  wasting  affects  the  muscles  irregularly, 
but  entire  groups  may  atrophy.  Reflex  action  in  these  parts  is  lowered.  In 
the  trunk  this  loss  of  reflex  action,  and  anaesthesia,  may  be  the  chief  local 
symptoms.  As  the  disease  progresses,  the  cord  itself  suffers,  by  compression, 
or  by  extension  to  it  of  the  inflammation.  The  parts  below  the  seat  of  the 
disease  then  become  paralyzed,  the  legs  are  weak  and  the  seat  of  dull,  heavy 
pain  ;  reflex  action  in  them  may  be  increased,  while  their  muscular  nutrition 
continues  good,  unless  the  lumbar  membranes  are  diseased,  or  the  myelitis 
descends  the  cord.  Power  over  the  sphincters  may  be  lost  and  bedsores 
may  form. 

When  the  inflammation  affects  chiefly  the  pia  mater  and  arachnoid  {chronic 
leptomeningitis)  the  symptoms  of  meningeal  irritation  are  very  conspicuous, — 
vertebral  pain  and  rigidity  of  the  back,  with  cutaneous  hyperesthesia,  and 
the  radiating  pains  may  also  be  considerable.  These  symptoms  are  especially 
marked  in  cases  of  subchronic  meningitis,  such  as  are  due  to  chronic  alco- 
holism. The  local  paralytic  symptoms,  anaesthesia  and  muscular  wasting, 
may  be  absent  in  these  cases,  or  may  only  come  on  in  slight  degree  after  the 
other  symptoms  have  lasted  for  a  considerable  time.  On  the  other  hand, 
weakness  and  pains  in  the  legs,  from  affection  of  the  cord  itself,  may  be  an 
early  symptom. 

When  the  inflammation  begins  in  the  dura  mater  {internal pachymeningitis) 
the  symptoms  of  spinal  irritation,  pain  and  stiffness  of  the  back,  although 
occasionally  present^are  much  less  prominent  symptoms  than  are  those  which 
depend  on  the  irritation  of,  and  damage  to,  the  nerve  roots.  The  radiating 
pains  are  very  severe  and  are  often  the  earliest  symptom.  At  a  later  stage 
the  muscular  weakness,  followed  or  accompanied  by  wasting,  chiefly  attracts 
attention,  and  the  wasting  may  be  so  great  that  the  disease  is  mistaken  for 
progressive  muscular  atrophy.     This  is  especially  the  case  when  the  lesion 
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is  in  the  cervical  region,  the  "cervical  hypertrophic  pachymeningitis  "  of 
Charcot  and  Joffroy.  In  this  affection,  pains  in  the  back  of  the  head,  neck, 
shoulders,  and  'arms,  often  accompanied  with  a  painful  sense  of  constriction, 
precede  muscular  atrophy.  The  wasting  may  involve  many  muscles,  but 
usually  those  supplied  by  the  radial  nerve  are  much  less  affected  than  the 
others ;  the  escape  of  the  long  extensors  of  the  wrist  and  fingers,  while  the 
flexors  of  the  wrist  and  fingers  and  the  interossei  atrophy,  leads  to  a  peculiar 
deformity;  the  unopposed  muscles  cause  persistent  over-extension  of  the 
wrist ;  the  phalangeal  joints  are  flexed  and  the  metacarpo-phalangeal  joints 
are  extended,  but  from  the  position  of  the  wrist  they  are  not  over-extended, 
and  the  hand  thus  differs  from  the  claw-like  hand  (p.  52).  With  this  mus- 
cular wasting  in  the  arms,  there  is  paraplegic  weakness,  from  the  pressure  on 
the  cord.  In  rare  cases  the  disease  affects  the  membranes  over  the  lumbar 
enlargement  or  cauda  equina,  and  then  the  legs  are  the  seat  of  the  pains, 
paralysis,  and  atrophy,  already  described,  and  the  sphincters  are  early 
paralyzed. 

The  pachymeningitis  may  be  confined  to  the  dorsal  region.  In  such  a 
case  cutaneous  anaesthesia  over  the  whole  region  supplied  by  the  dorsal 
nerves,  was  associated  with  paraplegia  from  compression  of  the  cord.  In 
another  instance  areas  of  anaesthesia,  with  severe  pains,  existed  over  the  legs, 
trunk,  neck,  and  back  of  the  head,  without  any  indication  of  damage  to  the 
cord  itself. 

The  symptoms  of  syphilitic  meningitis  do  not  differ  from  those  just 
described,  and  may  present  the  characters  of  an  affection  beginning  in  either 
the  pia  mater  or  dura  mater.  As  already  stated,  the  pain  and  muscular  wast- 
ing often  reach  a  high  degree  in  these  cases. 

In  hemorrhagic  pachymeningitis  the  symptoms  are  those  of  a  slight  chronic 
meningitis,  pain  in  the  back  or  extremities,  interference  with  movement, 
weakness  of  muscles,  and  anaesthesia  of  the  skin.  It  has  never  been  diag- 
nosed during  life. 

Diagnosis. — The  diseases  with  which  chronic  internal  meningitis  is  liable 
to  be  confounded,  are  different  according  as  the  symptoms  of  irritation, 
of  damage  to  the  cord,  or  of  compression  of  the  nerve  roots,  predominate. 

The  spinal  pain  and  stiffness  may  be  mistaken  for  simple  rachialgia  or 
"spinal  irritation,"  but  in  this  disease  the  whole  spine  is  tender,  several 
separate  points  are  much  more  tender  than  the  rest,  and  there  are  not  the 
radiating  pains  or  paralytic  symptoms  of  meningitis. 

Peripheral  pains,  especially  about  the  trunk  and  legs  and  shoulders,  are 
prominent  symptoms  in  some  cases  of  muscular  rheumatism,  or  rheumatic 
neuralgia.  In  these,  however,  there  is  not  the  spinal  pain  and  tenderness, 
and  although  there  may  be  apparent  increased  sensitiveness  in  the  region  of 
the  pains,  it  is  of  the  deeper  structures  and  not  of  the  skin. 

The  muscular  wasting  may  be  mistaken  for  atrophy  due  to  degeneration 
or  subacute  inflammation  of  the  anterior  cornua  of  the  cord  (progressive 
muscular  atrophy,  subacute  spinal  atrophy).  The  cervical  "  hypertrophic  " 
form  of  meningitis  bears  special  resemblance  to  this  disease,  since  the  wasting 
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in  the  arms  is  often  associated  with  paraplegic  symptoms  in  the  legs.  The  dis- 
tinction is  that  the  atrophy,  in  the  meningeal  form,  is  preceded  by  severe 
pains,  and  often  accompanied  by  areas  of  hyperesthesia  or  anaesthesia,  and 
is  random  in  distribution.  In  chronic  affections  of  the  anterior  cornua  both 
pains  and  anaesthesia  are  usually  absent,  and  the  wasting  often  affects  the  mus- 
cles in  a  certain  order,  which  will  be  described  in  the  account  of  the  disease. 
Thus  in  a  man  who  was  supposed  to  have  cornual  disease  on  account  of  wast- 
ing of  some  muscles  of  both  legs,_  irregularly  distributed,  a  history  of  severe 
sharp  pains,  and  the  discovery  of  a  patch  of  anaesthesia  on  one  leg,  and  the 
presence  of  a  burning  pain  round  one  side  of  the  trunk,  and  the  irregular 
distribution  of  the  wasting,  led  to  a  diagnosis  of  chronic  meningitis  damag- 
ing the  nerve  roots.  There  was  a  history  of  syphilis,  and  appropriate  treat- 
ment completely  removed  the  symptoms.  Chronic  disseminated  myelitis 
may  cause  muscular  wasting,  but  does  not  cause  the  pain  in  the  back,  or  the 
rigidity  of  the  spine,  which  occur  in  meningitis.  The  paralysis  is  usually 
out  of  all  proportion  to  the  wasting  and  anaesthesia.  It  must  be  remembered 
that  the  two  conditions  of  meningitis  and  myelitis  are  often  combined,  and 
the  fact  has  to  be  recognized  in  our  diagnosis. 

When  the  meningitis  is  lumbar,  the  pains  in  the  legs  may  resemble  those 
of  locomotor  ataxy,  but  the  absence  of  rigidity  in  tabes  and  the  presence  of 
ata«y,  distinguish  it  from  meningitis.  The  knee  jerk  may  be  lost  in  each 
disease,  but  in  meningitis  there  is  muscular  weakness  and  wasting,  often  with 
altered  electrical  reaction,  symptoms  never  present  in  the  early  stage  of 
tabes.  It  may  be  noted,  however,  that  there  is  sometimes  a  thickening  of 
the  pia  mater  over  the  posterior  columns  when  these  are  sclerosed.  This 
thickening  is  due  to  a  process  partaking  of  the  nature  of  inflammation.  It 
may  account  for  the  vertebral  pain  occasionally  felt  in  that  disease,  but  does 
not  cause  -any  other  symptom  of  meningitis.  The  greatest  resemblance  to 
chronic  meningitis  is  presented  by  some  cases  of  tabes  in  which  the  cord 
disease  reaches  a  greater  degree  in  the  dorsal  than  in  the  lumbar  region. 
There  are  then  pains  and  anaesthesia  in  the  trunk,  and  the  atrophy  in  the 
legs  may  be  little  marked.  In  meningitis,  if  the  membranes  over  the  lumbar 
enlargement  are  normal,  the  knee  jerk  is  preserved  and  often  increased,  while 
it  is  lost  in  tabes.  The  anaesthesia  is  more  general  and  uniform  in  tabes 
than  in  meningitis. 

When  chronic  meningitis  affects  the  cervical  region  it  may  be  mistaken 
for  the  tonic  form  of  torticollis,  but  may  readily  be  distinguished  by  observ- 
ing, first,  that  the  head  is  not  fixed  by  spasm,  since  the  muscles  in  a  state  of 
tension  aire'  not  those  by  which  the  posture  of  the  head  would  be  produced, 
and,  secondly,  that  the  fixation  is  distinctly  due  to  the  pain  which  movement 
occasions. 

Caries  of  the  spinal  bones  and  chronic  meningitis  have  many  symptoms 
in  common,  and  necessarily,  since  chronic  local  meningitis  is  one  of  the 
effects  of  the  bone  disease,  and  produces  many  of  the  symptoms  by  which 
the  latter  is  recognized.  The  diagnosis  can  only  be  made  by  the  detection 
of  the  signs  of  bone  disease  enumerated  on  p.  178. 
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Prognosis. — In  all  forms  and  degrees  of  chronic  meningitis,  except  the 
most  trifling,  the  prognosis  is  serious.  The  severe  degrees  of  the  affection 
are  attended  with  danger  to  life,  and  the  slighter  forms  entail  serious  conse- 
quences, since  many  effects  of  the  disease,  especially  the  damage  to  the 
spinal  cord  itself,  tend  to  increase  by  the  degenerative  tendency  which  is 
set  up.  The  neuralgic  pains,  which  result  from  the  damage  to  nerve  roots, 
are  extremely  obstinate.  But  in  many  cases  the  symptoms  pass  away  under 
appropriate  treatment.  The  prognosis  is  most  favorable  in  the  cases  which 
result  from  concussion  of  the  spine  and  from  syphilis.  But  in  all  cases,  even 
those  of  syphilitic  origin,  in  which  there  is  reason  to  infer  considerable  for- 
mation of  new  tissue,  the  prognosis  must  be  cautious,  since  the  cicatricial 
contraction  of  this  tissue  may  perpetuate  the  damage  to  cord  and  nerves, 
which  its  pressure  has  produced.  The  prognosis  is  better,  in  other  cases,  in 
proportion  to  the  general  health  of  the  patient,  to  the  moderate  degree  of 
the  mischief,  and  to  the  extent  to  which  its  causes  are  under  control. 

Treatment. — Rest  is  essential.  In  some  cases  it  should  be  absolute,  and 
in  all  cases  movements  which  increase  pain  should  be  avoided.  The  pain  is 
the  expression  of  mechanical  irritation,  which  hinders  recovery.  The  prone 
couch,  impracticable  in  acute  meningitis,  can  often  be  employed  in  chronic 
cases  with  advantage,  to  lessen  mechanical  congestion  of  the  spine.  Warm 
baths  and  diaphoretic  baths  have  been  recommended.  They  are  most  use- 
ful in  subacute  cases.  Next  in  importance  to  rest  is  counter-irritation. 
Repeated  sinapisms  or  stimulating  liniments  may  be  used  if  mild  counter- 
irritation  only  is  required,  but  in  most  cases  greater  good  will  result  from 
more  energetic  means,  blisters,  the  thermic  hammer,  or  the  actual  cautery. 
The  latter  is  especially  recommended  by  Joffroy  for  the  hypertrophic  pachy- 
meningitis. 

Sedatives  are  usually  needed  to  relieve  the  pain  ;  injections  of  morphia, 
chloral,  Indian  hemp,  or  sedative  liniments  of  chloroform,  belladonna,  etc. 
In  employing  sedatives  it  must  be  remembered  that  they  will  usually  be 
needed,  in  chronic  cases,  for  many  months,  and  after  a  time,  by  the  artifi- 
cial need  they  create,  they  may  apparently  keep  up  the  pain.  It  is  there- 
fore well,  after  they  have  been  used  for  some  time,  to  change  the  sedative. 
If  injections  of  morphia  have  been  employed  for  a  considerable  time,  it  is 
well  to  see  the  effect  of  an  occasional  injection  of  plain  water. 

Iodide  of  potassium  and  mercury  are  the  agents  that  have  most  influence 
over  the  morbid  process  itself.  Both  are  effective  in  syphilitic  cases.  In 
other  forms  of  the  disease  mercury  has  far  more  influence  than  iodide.  In 
many  cases  tonics,  iron,  quinine,  and  cod-liver  oil  are  needed.  The  muscu* 
lar  wasting  which  results  from  damage  to  the  nerve  roots  requires  treatment 
by  galvanism,  rubbing,  and  by  passive  movement  to  prevent  contractures. 
The  treatment  of  hemorrhagic  pachymeningitis  is  the  same  as  that  of  the 
ordinary  form,  but  if  it  be  suspected,  injections  of  ergotine  should  be  tried. 
Treatment  appears,  however,  to  exert  little  influence  upon  it. 
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HEMORRHAGE  INTO  THE  SPINAL  MEMBRANES;  SPINAL 
MENINGEAL  HEMORRHAGE;  H^EMATORACHIS. 

Blood  may  be  extravasated  outside  the  dura  mater,  between  it  and  the 
bones  (extra-men ingeal  hemorrhage),  or  within  the  dura  mater  (intra-men- 
ingeal  hemorrhage).  In  the  latter  situation  the  blood  may  be  in  the  subdu- 
ral space,  between  the  dura  mater  and  arachnoid  (subdural  hemorrhage),  or 
it  maybe  beneath  the  arachnoid,  between  it  and  the  pia  mater  (subarachnoid 
hemorrhage).  Extravasations  outside  the  dura  mater  are  more  common 
than  those  within  it. 

Causes. — Meningeal  hemorrhage  may  occur  at  all  ages.  It  is  met  with 
in  newly-born  children,  but  in  them  is  probably  of  traumatic  origin.  Spon- 
taneous hemorrhage  is  unknown  in  early  childhood,  but  occurs  at  all  other 
ages,  and  is  more  common  in  men  than  in  women.  No  relation  has  been 
traced  between  its  occurrence  and  the  general  conditions  of  circulation, 
increased  blood  pressure,  vascular  degeneration,  etc.,  which  favor  the  occur- 
rence of  cerebral  hemorrhage.  It  is  doubtful  whether  it  is  predisposed  to 
by  chronic  alcoholism.  Of  the  immediate  causes,  injury  is  the  most  fre- 
quent, fractures  of  the  spinal  column,  blows  or  falls  on  the  back  which  do 
not  fracture  the  vertebrae,  and  even  falls  on  the  feet  or  buttocks.  It  is  occa- 
sionally found  after  death  from  severe  convulsions,  epilepsy,  puerperal 
eclampsia  (in  which  an  altered  state  of  the  blood  may  assist),  chorea,  strych- 
nine poisoning,  and  tetanus.  In  these  cases  the  blood  may  be  outside  or 
within  the  dura  mater.  In  many  instances  no  symptoms  were  observed  dur- 
ing life  which  could  be  referred  to  the  hemorrhage,  and  it  is  probable  that 
the  extravasation  occurred  only  during  the  last  moments  of  life.  In  some 
cases,  however,  the  muscular  spasm,  resulting  from  the  meningeal  hemor- 
rhage, may  have  been  mistaken  for  an  independent  symptom,  and  the  hem- 
orrhage, which  was  really  the  cause  of  the  spasm,  regarded  as  its  conse- 
quence. It  has  probably  been  so  in  some  of  the  cases  of  the  so-called 
tetanus  of  newly-born  children.  In  two-thirds  of  these  cases  extra-menin- 
geal  hemorrhage  is  found,  and  in  those  in  which  the  tetanoid  symptoms 
occur  almost  immediately  after  birth,  they  are  probably  due  to  the  extrava- 
sation. Severe  and  prolonged  muscular  exertion  has  beeil,  in  a  few  cases, 
the  apparent  cause  of  spontaneous  hemorrhage.  It  also  occurs  in  some  dis- 
eases in  which  there  is  a  hemorrhagic  tendency,  such  as  purpuric  states,  and 
the  hemorrhagic  forms  of  some  acute  specific  diseases,  smallpox,  yellow 
fever,  etc.,  and  very  rarely  in  typhoid  fever,  apart  from  any  hemorrhage 
elsewhere.  In  most  of  these  cases  its  occurrence  has  not  been  suspected 
until  the  post-mortem  examination  revealed  it,  and  it  probably  occurs  gene- 
rally during  the  last  moments  of  life.  A  very  rare  cause  is  the  bursting  of 
an  aortic  aneurism  into  the  spinal  canal,  after  erosion  of  the  bodies  of  the 
vertebras,  the  blood  being  effused  outside  the  dura  mater.  Hemorrhage 
within  the  dura  mater  has  resulted  from  the  rupture  of  an  aneurism  of  a  ver- 
tebral artery.  Blood  may  also  descend  into  the  spinal  membranes  from  the 
cranium,  in  cas£s  in  which  a  cerebral  extravasation,  especially  about  the 
pons,   escapes   into  the  meninges.     Lastly,  in  cases  of  intense  meningeal 
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inflammation,  ecchymoses,  and  sometimes  considerable  extravasations  have 
been  found,  on  both  sides  of  the  dura  mater  or  in  the  pia  mater.  Thus 
considerable  extra-meningeal  hemorrhage  has  been  met  with  in  cerebro-spinal 
meningitis. 

Pathological  Anatomy. — Extra-meningeal  hemorrhage  probably  comes 
from  the  plexus  of  large  veins  which  lie  between  the  dura  mater  and  the 
bone.  It  is  usually  not  of  large  extent,  and  the  blood  accumulates  chiefly 
on  the  posterior  aspect,  where,  in  the  recumbent  posture,  gravitation  favors 
accumulation,  and  where  the  space  between  the  membrane  and  the  bone  is 
greater  than  in  front.  Sometimes  the  extravasation  is  very  extensive,  cov- 
ering a  large  part  of  the  dura  mater,  and  in  such  cases  it  may  extend 
through  the  intervertebral  foramina,  along  the  nerves.  Hemorrhage  is  more 
common  in  the  cervical  region  than  elsewhere,  but  may  occur  in  any  part. 
The  blood  is  usually  coagulated,  wholly  or  partially.  The  dura  mater  is 
reddened,  and  sometimes  the  staining  extends  through  to  the  inner  mem- 
branes. If  the  hemorrhage  is  considerable  the  spinal  cord  may  be  com- 
pressed, but  the  amount  of  blood  is  not  often  sufficient  for  this.  When  a 
body  has  been  lying  on  the  back,  the  veins  outside  the  dura  mater  become 
distended  with  blood,  which  escapes  when  they  are  divided  in  opening  the 
spinal  canal.  Care  must  be  taken  to  avoid  the  error,  on  the  one  hand,  of 
regarding  the  blood  thus  escaping  as  an  ante-mortem  extravasation,  and,  on 
the  other,  of  overlooking  a  hemorrhage  which  actually  exists.  In  all  cases 
of  acute  spinal  disease  the  body  should,  if  possible,  lie  face  downward  until 
the  examination  has  been  made.  In  rare  cases  hemorrhage  has  been  found 
within  the  substance  of  the  dura  mater. 

Intra-meningeal  Hemorrhage. — An  extravasation  into  the  sac  of  the  dura 
mater  (subdural  hemorrhage)  may  be  small  in  quantity,  or  may  fill  the  whole 
cavity.  When  small  it  may  pass  from  one  part  to  another.  In  subarachnoid 
hemorrhage  the  blood  comes  usually  from  the  vessels  of  the  pia  mater.  It 
may  surround  the  cord  for  an  inch  or  two,  or  may  fill  the  whole  subarachnoid 
cavity  from  one  end  of  the  cord  to  the  other.  Such  extensive  effusions  are 
rare,  except  when  the  blood  descends  into  the  arachnoid  from  the  cerebral 
membranes.  Blood  effused  into  the  spinal  arachnoid  has  been  known  to 
ascend  as  high  as  the  pons  and  even  break  through  the  valve  of  Vieussens 
and  get  into  the  cerebral  ventricles.*  When  cerebral  and  spinal  hemor- 
rhage coexist,  it  must  not  be  at  once  assumed  that  the  blood  has  passed  from 
one  to  the  other,  since  hemorrhage  may  occur  in  each  at  the  same  time,  as 
in  one  recorded  case  of  puerperal  eclampsia.     (Charrier.) 

In  meningeal  hemorrhage,  cerebral  as  well  as  spinal,  the  spinal  fluid  is 
often  blood  stained,  and  thus  spinal  hemorrhage  may  be  thought  to  be  more 
considerable  than  it  really  is.  The  spinal  cord  is  often  discolored  and  com- 
pressed, and  is  especially  damaged  when  the  hemorrhage  is  beneath  the 
arachnoid.     In   extensive   extra-meningeal    hemorrhage   the   subarachnoid 


*  As  in  an  apparently  conclusive  case  reported  by  Leprestre,  Arch.  Gin.  de  Mid.,  xxii, 
P-33I- 
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fluid  may  be  driven  away  from  the  compressed  part,  and  may  distend  the 
arachnoid  beyond  the  area  of  compression,  the  limit  of  which  is  thus  marked. 
In  cases  which  have  lasted  more  than  a  few  days  there  are  usually  signs  of 
meningitis,  set  up  by  the  irritation  of  the  blood. 

Symptoms. — As  already  stated,  slight  meningeal  hemorrhage  is  sometimes 
found  post-mortem  in  death  from  convulsive  diseases  when  no  symptoms  of 
it  were  observed  during  life,  and  in  these  cases  it  is  probable  that  the  extrav- 
asation occurs  during  the  lethal  convulsion.  In  the  cases  in  which  hemor- 
rhage causes  symptoms,  these  are,  for  the  most  part,  those  of  meningeal  irri- 
tation, and  thus  bear  some  resemblance  to  the  symptoms  of  meningitis. 
They  differ  in  the  suddenness  and  violence  of  their  onset,  to  which  excep- 
tions are  extremely  rare.  These  symptoms  are  nearly  the  same  whether  the 
hemorrhage  is  outside  or  inside  the  dura  mater. 

The  first  indication  of  the  lesion  is  usually  sudden  and  violent  pain  in  the 
back,  corresponding  in  position  to  the  seat  of  the  hemorrhage,  but  some- 
times felt  along  a  considerable  extent  of  the  back,  and  often  severe  in  the 
loins.  This  pain  in  the  back  is  usually  accompanied  by  pain  along  the 
course  of  the  nerves  passing  through  the  membrane  near  the  extravasation, 
darting  or  burning  pains,  often  of  great  intensity,  making  the  patient  shriek 
with  agony.  They  are  paroxysmal  in  character,  and  between  the  pains 
there  maybe  abnormal  sensations,  tingling,  etc.,  and  hyperesthesia,  referred 
to  the  same  parts.  Muscular  spasm  usually  coincides  with  the  pain  and 
involves  partly  the  vertebral  muscles,  causing  rigidity  of  the  spine  or  actual 
opisthotonos,  partly  the  muscles  supplied  by  the  nerves  in  which  the  pain  is 
felt,  partly  the  muscles  from  the  cord  below  the  seat  of  the  hemorrhage. 
The  convulsive  movements  are  sometimes  general.  Intense  pain  in  the  back 
and  general  convulsion  have  been  known  to  be  the  only  symptoms.  Occa- 
sionally there  is  persistent  contraction  of  muscles,  and  there  is  usually  spas- 
modic retention  of  urine.  These  symptoms  of  irritation  are  no  doubt  due  in 
part  to  the  irritation  of  the  membranes  (causing  the  vertebral  pain  and  reflex 
spasm),  and  partly  to  the  irritation  of  the  nerve  roots,  motor  and  sensory. 
Paralytic  symptoms  quickly  follow — weakness  and  lessened  sensitiveness  in 
the  limbs  below  the  lesion.  Ultimately  there  may  be  complete  loss  of  motion 
and  sensation  in  the  lower  limbs,  but  such  absolute  paralysis  is  not  common. 
Loss  of  power  at  the  onset  of  the  symptoms  usually  indicates  simultaneous 
hemorrhage  in  the  cord  or  the  effusion  of  a  very  large  amount  of  blood.  It 
occurs,  for  instance,  when  an  aneurism  bursts  into  the  spinal  canal. 

The  symptoms  differ  in  their  distribution  according  to  the  seat  of  the  dis- 
ease. When  hemorrhage  is  in  the  cervical  region  (a  frequent  seat),  the  pains 
are  felt  in  the  neck  and  arms,  and  the  rigidity  may  cause  absolute  immo- 
bility of  the  neck,  while  dysphagia,  interference  with  respiration,  and 
dilatation  of  the  pupils  may  be  added  to  the  other  paralytic  symptoms. 
When  it  is  in  the  dorsal  region,  intense  pain  encircles  the  chest  or  abdomen. 
If  in  the  lumbar  region,  the  pain  is  felt  in  the  legs,  and  there  are  early  para- 
plegic symptoms,  with  loss  of  reflex  action  in  the  legs,  and  paralytic  in- 
continence of  urine  and  faeces. 


212  SPINAL    MEMBRANES. 

As  a  rule,  in  spinal  hemorrhage,  the  cerebral  functions  are  unaffected ;  the 
unfortunate  patient  is  conscious  of  all  his  sufferings  from  first  to  last.  Occa- 
sionally, however,  consciousness  is  lost  for  a  short  time,  apparently  from 
shock,  and  even  delirium  or  coma  may  come  on,  either  as  indirect  effect  of 
the  spinal  lesion  on  the  brain,  or  in  consequence  of  a  sudden  increase  in  the 
intra-cranial  pressure,  due  to  the  displacement  upward  of  the  spinal  fluid  by 
the  effusion  of  blood.  But  in  most  cases  in  which  cerebral  symptoms  co- 
exist with  those  of  spinal  hemorrhage,  the  former  have  been  due  to  simul- 
taneous intra-cranial  disease.  So,  in  some  cases  of  spinal  hemorrhage  in 
newly-born  children,  apoplectiform  symptoms  have  been  present  from  simul- 
taneous hemorrhage  into  the  membranes  of  the  brain.  In  very  rare  cases 
the  symptoms  of  spinal  hemorrhage  have  come  on  insidiously,  without  pain, 
as  in  a  case  in  which  extensive  hemorrhage  outside  the  dura  mater  in  the 
cervical  and  upper  dorsal  region,  in  a  girl  of  fourteen,  caused  only  very 
gradual  weakness  in  the  arms,  and  difficulty  of  breathing,  from  which  she 
died  at  the  end  of  a  fortnight.  * 

The  symptoms  in  acute  cases  usually  reach  their  height  in  two  or  three 
hours,  sometimes  not  for  a  few  days.  Death  may  occur  when  the  symptoms 
are  fully  developed,  or,  after  reaching  their  height,  they  may  decline,  to  be 
increased,  a  day  or  two  later,  by  secondary  meningitis.  This  is  accompanied 
by  some  pyrexia  and  lasts  a  week  or  ten  days,  and  then,  in  favorable  cases, 
permanent  improvement  commences.  It  is,  however,  very  common  for  death 
to  take  place  when  the  symptoms  have  existed  a  few  hours  only.  It  may  be 
due  to  exhaustion,  in  consequence  of  the  violence  of  the  pain  and  spasm,  but 
is  more  often  produced  by  interference  with  respiration. 

Diagnosis. — In  cases  in  which  marked  symptoms  are  produced,  the  diag- 
nosis rests  on  the  combination  of  sudden  localized  pain  in  the  back,  with  the 
other  evidence  of  irritation  of  the  membranes,  nerve  roots  and  cord,  above 
enumerated.  When  the  hemorrhage  is  of  traumatic  origin,  the  fact  that  the 
symptoms  rapidly  followed  an  injury  facilitates  the  diagnosis.  In  the  ex- 
tremely rare  cases  in  which  the  symptoms  come  on  insidiously,  without  pain, 
the  diagnosis  of  the  exact  nature  of  the  disease  is  scarcely  possible. 

In  hemorrhage  into  the  substance  of  the  cord,  vertebral  pain  is  much  more 
frequently  absent  than  in  meningeal  hemorrhage.  The  symptoms  of  injury 
to  the  cord  itself  are  prominent  from  the  commencement;  sudden  paralysis, 
it  may  be  at  first  partial,  and  rapidly  increasing,  without  initial  pain.  In 
meningeal  hemorrhage,  pain  and  symptoms  of  irritation  usually  precede  any 
considerable  paralysis.  In  cases  which  recover,  the  paralytic  symptoms  are 
more  persistent  when  the  hemorrhage  is  into  the  substance  of  the  cord  than 
when  it  is  into  the  meninges.  Extravasations  into  the  substance  of  the  cord 
often  break  through  into  the  membranes,  and  the  symptoms  of  both  lesions 
are  then  combined. 

Meningitis  is  distinguished  by  the  more  gradual  onset  of  the  symptoms 
and  the  presence  of  fever  from  the  first.      It  must  not  be  forgotten  that 

*R.  Jackson,  Lancet,  i86g,  p.  5. 
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meningitis  may  result  from  hemorrhage.  In  myelitis  pain  is  commonly 
absent,  and  the  symptoms  of  irritation  are  far  less  pronounced.  The  diag- 
nosis from  tetanus  depends  on  the  absence  of  trismus,  and  on  the  presence 
of  severe  spinal  pains,  and  on  the  more  sudden  onset.  Most  cases  of  tetanus 
come  on  more  or  less  insidiously.  It  is  chiefly  in  the  case  of  newly-born 
children  that  the  diagnostic  difficulty  will  arise.  •  Tetanus  is  in  them  most 
common  two  or  three  days  after  birth ;  the  tetanoid  symptoms  which  may 
supervene  an  hour  or  two  after  birth  are  probably  not  true  tetanus  but  teta- 
noid spasm,  the  result  of  meningeal  hemorrhage  produced  by  injury  during 
birth.  One  case  has  been  recorded  in  which  the  symptoms  most  closely 
simulated  those  of  strychnine  poisoning.  Violent  paroxysms  of  muscular 
spasm,  with  intense  general  pain,  but  without  spinal  pain,  followed  by  death 
in  two  hours,  were  apparently  due  to  an  extensive  hemorrhage  into  the  sac 
of  the  dura  mater. *  Analysis  revealed  no  strychnia  in  the  stomach.  In  such 
a  case  the  diagnosis  would  have  to  be  guided  as  much  by  circumstantial  evi- 
dence as  by  the  symptoms. 

Prognosis. — In  all  severe  cases  the  prognosis  is  most  grave.  A  large 
number  of  such  cases  prove  fatal  in  a  few  hours.  If  the  symptoms  reach 
their  height,  and  cease  to  increase,  and  the  indications  of  damage  to  the  cord 
itself  are  moderate,  the  patient  will  probably  recover,  although  there  is  still 
some  danger  until  the  period  of  secondary  inflammation  is  over.  Paralytic 
symptoms  often  persist  for  some  time,  but  even  these,  in- the  end,  may  pass 
away.  At  the  onset,  the  prognosis  must  be  governed  by  the  rapidity  with 
which  the  symptoms  develop  and  by  the  seat  of  the  disease.  Hemorrhage 
in  the  cervical  region  is  more  serious  than  in  the  lower  parts  of  the  cord. 

Treatment. — The  first  point  to  secure  is  absolute  rest.  Even  passive 
movement  should  be  avoided  as  far  as  possible.  Posture  is  of  the  first  im- 
portance. It  should  be  on  the  face  or  side,  and  not  on  the  back,  so  that 
the  spine  may  not  be  the  lowest  part.  Venesection  has  been  employed  in 
strong  individuals,  with  the  object  of  arresting  hemorrhage  by  rapidly  lower- 
ing the  blood  pressure,  and  it  is  a  justifiable  proceeding  if  the  symptoms  are 
making  rapid  progress,  and  the  diagnosis  is  sure.  Leeches  or  wet  cupping 
to  the  spine,  or  leeches  to  the  anus,  have  also  been  recommended  in  cases 
in  which  venesection  is  unadvisable.  Ice  should  be  applied  to  the  spine  in 
all  cases,  and  ergotine  may  be  injected  under  the  skin  or  a  full  dose  of  ergot 
given  by  the  mouth.  The  bowels  should  be  freely  opened.  Sedatives  are 
usually  required  to  relieve  the  pain.  The  stage  of  meningitis  must  be  treated 
on  the  principles  laid  down  for  the  management  of  the  acute  form  of  that 
disease.  The  residual  palsy  requires  treatment  by  electricity,  etc.,  in  the 
same  manner  as  the  consequence  of  meningitis. 

*  Dixon,  Lancet,  iSyg,  p.  333. 
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DISEASES   OF  THE  SPINAL  CORD. 


ANAEMIA  AND  HYPEREMIA  OF  THE  SPINAL  CORD. 
The  condition  of  the  vessels  of  the  spinal  cord  after  death,  their  fullness  or 
emptiness,  affords  no  indication  whatever  of  their  state  during  life.  Infer- 
ences as  to  the  ante-mortem  state,  drawn  from  the  post-mortem  condition, 
are  altogether  erroneous,  with  the  rare  exception  of  local  change,  in  which 
the  vascular  condition  of  one  part  differs  from  the  rest.  Practically,  such 
local  variation  occurs  only  in  the  local  hypenemia  that  attends  inflamma- 
tion, and  the  anaemia  that  results  from  pressure.  Hence  the  occurrence  of 
variations  in  the  state  of  the  vessels  of  the  cord,  and  the  effects  that  such 
variations  may  produce,  are  matters  of  inference  from  symptoms  observed 
during  life,  symptoms  that  are,  in  themselves,  open  to  various  interpretations. 
Where  the  ground  is  barren  of  facts  theory  is  always  luxuriant.  Anaemia  or 
congestion  of  the  cord  affords  a  ready  explanation  of  symptoms  the  cause  of 
which  is  unknown,  and  it  is  scarcely  surprising,  therefore,  that  such  an  ex- 
planation has  been  often  given.  Some  surprise  may,  however,  reasonably 
be  felt  at  the  absolute  confidence  and  precision  of  detail  with  which  these 
states  have  been  invoked  as  morbid  processes,  when  the  opinions  expressed 
rest  upon  not  one  tittle  of  definite  evidence.  Positive  assertions  always 
receive  some  credence,  however  unwarranted  the  assertions  may  be,  and 
positions  incapable  of  proof  are  sometimes  incapable  of  disproof.  It  would 
be  a  futile  and  useless  task  to  attempt  to  refute  in  detail  the  various  state- 
ments that  have  been  made  regarding  the  influence  of  anaemia  and  hyperse- 
mia  of  the  spinal  cord.  It  will  be  sufficient  to  point  out  briefly  what  may 
be  reasonably  surmised  regarding  these  morbid  states. 

ANAEMIA  OF  THE  CORD. 

Nothing  is  known  of  persistent  anaemia  of  the  cord  from  organic  obstruc- 
tion in  the  arteries  lessening  the  blood  supply.  Transient  anaemia,  if  it 
occurs,  must  be  due  to  arterial  spasm,  dependent  on  the  vasomotor  nerves. 
This  has  been  assumed  as  an  explanation  of  certain  transient  symptoms 
occasionally  observed,  loss  of  power  in  the  legs,  and  sensory  disturbance, 
tingling,  "pins  and  needles,"  etc.,  in  the  legs  and  arms,  and  the  tetanoid 
cramp  and  tingling  in  the  hands  with  which  patients  sometimes  wake  up. 
The  theory  is  tenable,  but  it  is  also  conceivable  that  such  symptoms  are  due 
to  transient  functional  states  of  the  nerve  cells  of  the  cord.  A  functional 
derangement  of  these  cells  must  be  the  immediate  cause  of  the  symptoms, 
whether  such  derangement  is  primary  or  is  produced  by  spasm  of  the  vessels. 

In  general  anaemia,  such  as  occurs  in  chlorosis  and  pernicious  anaemia,  the 
nutrition  and  function  of  all  organs  suffer,  and  the  spinal  cord  shares  the 
general  state.  The  readiness  with  which  fatigue  of  the  legs  is  induced  in 
such  conditions  may  be  due  to  the  spinal  cord  as  well  as  to  the  muscles. 
The  legs  often  ache,  and  are  sometimes  the  seat  of  various  disordered  sensa- 
tions.    It  is  probable  that  these  are  the  result  of  the  impaired  nutrition  of 
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the  nerve  elements,  in  consequence  of  which  their  functions  are  readily 
deranged.  In  some  patients  graver  symptoms  occur, — weakness  of  the  legs, 
sometimes  of  the  arms  also,  which  may  increase  slowly  to  complete  paralysis. 
Sensation  and  the  sphincters  are  usually  unaffected.  The  nature  of  these 
cases  is  uncertain.  It  is  probable  that  many  are  cases  of  what  is  called  hys- 
terical paraplegia.  Others  may  be  due  to  organic  changes  induced  by  the 
anaemia.  The  well-established  fact  that  optic  neuritis  may  result  from 
chlorosis  is  interesting  as  proof  of  the  intensity  of  changes  in  nerve  struct- 
ures which  anaemia  may  excite.  The  cases  of  chlorotic  paraplegia  are  very 
rare,  and  need  further  study. 

In  the  anaemia  that  results  from  loss  of  blood,  besides  the  symptoms  just 
described,  paraplegia  comes  on,  under  conditions  which  exclude  the  idea  of 
hysteria.  The  source  of  the  hemorrhage  has  most  frequently  been  the 
stomach,  kidneys,  and  uterus.  It  is  usually  motor  only,  but  Leyden  has 
observed  accompanying  hyperaesthesia  of  skin.  It  comes  on  sometimes  soon 
after  the  loss  of  blood,  sometimes  only  at  the  end  of  one  or  two  weeks. 
Most  cases  recover.  The  pathological  process  which  causes  the  paralysis  is 
not  known.  The  loss  of  power  is  comparable  to  the  loss  of  sight  which 
occurs  from  the  same  cause,  and  under  similar  conditions,  and  in  which 
there  may  be  no  visible  morbid  change,  or  inflammation  may  be  found, 
sometimes  succeeding  the  loss  of  sight,  and  therefore  to  be  regarded  as  a 
result  of  the  derangement  of  the  nerve  elements,  or  of  the  influence  to  which 
this  is  due,  rather  than  the  cause  of  the  amaurosis. 

The  treatment  of  the  symptoms  due  to  general  anasmia  is,  of  course,  essen- 
tially the  improvement  of  the  blood  state.  That  of  other  symptoms  will 
be  considered  in  the  account  of  functional  disturbance  of  the  spinal  cord. 

HYPEREMIA  OF  THE  SPINAL  CORD. 
The  conditions  of  the  return  of  venous  blood  from  the  cord  probably 
shield  it  effectually  from  the  mechanical  congestion  from  which  almost  every 
other  organ  of  the  body  suffers  when  the  movement  of  blood  through  the 
thorax  is  hindered.  The  only  mechanical  congestion  to  which  the  cord  is 
liable  is  that  which  results  from  the  influence  of  gravitation,  and  occurs 
when  a  person  is  lying  on  the  back.  The  distention  of  the  veins  outside 
the  dura  mater,  and  also  of  those  of  the  pia  mater,  which  occurs  when  the 
heart  has  ceased  to  act,  and  the  blood  is  free  to  obey  the  only  mechanical 
force  which  then  acts  upon  it,  sufficiently  proves  the  power  of  gravitation  to 
congest  the  cord.  But  it  is  not  probable  that  gravitation  has  anything  like  the 
same  influence  during  life,  counteracted,  as  it  then  is,  by  many  other  forces. 
Some  persons  with  weak  cords  (easily  fatigued,  liable  to  tingling  and  pains  in 
the  legs)  suffer  from  aching  in  the  legs  or  spine  when  they  lie  on  the  back. 
Since  the  discomfort  ceases  when  the  posture  is  changed,  the  pain  is  probably 
due  to  the  mechanical  congestion  of  the  cord  or  membranes.  It  is  doubtful 
whether  any  other  symptoms  can  be,  with  confidence,  assigned  to  mechanical 
congestion.  Those  other  nocturnal  disturbances  in  the  limbs,  that  might 
conceivably  be  due  to  mechanical  congestion,  occur  irrespective  of  posture. 
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Of  active  congestion  our  definite  knowledge  may  be  summed  up  in  the 
statement  that  it  occurs  in  the  early  stage  of  inflammation.*  We  know 
nothing  of  it  as  an  independent  condition.  Nevertheless  volumes  might  be 
filled  by  the  collected  descriptions  of  the  varieties  and  symptoms  of  con- 
gestion of  the  spinal  cord,— descriptions  in  which  the  unrestricted  play  of 
"scientific"  fancy  has  elaborated  a  symptomatology  for  the  separate  con- 
gestion of  every  part  of  the  spinal  cord.  Probably  the  only  case  in  which 
we  are  warranted  in  suspecting  a  primary  active  congestion  of  the  cord  or 
membranes  is  that  in  which  symptoms  identical  with  those  of  commencing 
myelitis,  and  following  a  cause  of  myelitis,  pass  away  in  the  course  of  a  few 
days.     The  cases  will  be  mentioned  in  the  account  of  inflammation  of  the 

cord. 

An  active  congestion,  jwhich  may  be  called  secondary,  seems  to  result 
from  prolonged  and  violent  action  of  the  nerve  elements  of  the  spinal  cord. 
Thus  local  dilatation  and  distention  of  vessels,  migration  of  leucocytes  into 
the  sheath  and  into  the  adjacent  tissue,  and  even  small  extravasations,  are 
found  in  some  cases  of  hydrophobia,  of  tetanus,  and  of  strychnine  poison- 
ing, and  it  is  probable  that  a  similar  congestion  attends  all  violent  physio- 
logical activity,  violent  and  continued  muscular  exertion,  coitus,  etc.  Coitus 
several  times  repeated  has  been  known  to  cause  hemorrhage  within  the  cord. 
Vascular  dilatation,  with  an  increased  blood  supply,  is  the  physiological 
attendant  of  functional  activity  in  all  organs,  and  doubtless  also  in  the  cord, 
but  it  is  morbid  only  when  excessive.  It  is  doubtful  whether  it  causes 
symptoms  unless  it  goes  on,  as  it  probably  may,  to  actual  inflammation. 


INFLAMMATION  OF  THE  SPINAL  CORD— MYELITIS. 
Inflammation  of  the  spinal  cord  is  a  common  lesion.  It  usually  causes  a 
considerable  diminution  of  consistence  of  the  cord.  Hence  the  term  "  soft- 
ening of  the  spinal  cord  "  has  been  used  as  a  synonym  for  myelitis,  but  in- 
accurately, because  inflammation  does  not  always  cause  softening,  and  a 
diminution  of  consistence  may  occur  without  inflammation.  The  spinal 
cord  differs  from  many  other  tissues  of  the  body  in  that  its  power  of  recov- 
ering functional  integrity,  after  damage  by  inflammation,  is  much  less 
than  that  of  many  other  organs.  The  damage  produced,  and  the  symptoms 
which  result  from  that  damage,  persist  for  a  long  time,  and  are  not  unfre- 
quently  permanent.  Hence  the  distinction  between  acute  and  chronic 
inflammation  is  to  be  drawn,  not  from  the  whole  course  of  the  disease,  but 
from  the  mode  of  onset.  It  is  this  which  indicates  the  character  of  the 
morbid  process.     Acute  myelitis  is  that  form  in  which  the  symptoms  indi- 


*It  may  be  remarked  that  the  term  "  congestion"  has  come  to  be  a  popular  medical  eu- 
phemism for  a  slight  degree  of  inflammation,  employed  because  the  public  have  become 
acquainted  with  the  word  as  signifying  a  less  grave  lesion  than  inflammation,  and  hence  the 
word  excites  less  alarm.  Such  a  use  of  the  word,  within  limits,  is  less  objectionable  than 
that  of  many  analogous  euphemisms,  but  it  is  often  grossly  abused. 
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eating  inflammation  of  the  cord  come  on  rapidly  and  reach  a  considerable 
height  in  a  short  time,  in  less  than  two  weeks.  When  the  onset  occupies 
from  two  to  six  weeks  the  inflammation  is  regarded  as  subacute.  When  a 
still  longer  time  elapses  before  the  symptoms  reach  a  considerable  degree  of 
intensity  the  myelitis  is  termed  chronic.  There  is,  of  course,  no  sharp  dis- 
tinction between  these  classes.  The  subacute  and  acute  forms  may  be  con- 
veniently described  together.  Other  varieties  are  based  on  the  distribution 
of  the  disease.  The  gray  matter  may  be  affected  only  or  chiefly,  polio-mye- 
litis (Kussmaul,  from  izofao?,  gray),  a  form  that  has  distinctive  characters 
which  make  its  separate  description  desirable.  When  the  whole  thickness 
of  the  cord  is  affected  in  a  small  vertical  extent  the  myelitis  is  said  to  be 
transverse.  This  is  one  of  the  most  common  forms.  When  an  extensive 
area  of  the  cord  is  inflamed  the  myelitis  is  said  to  be  diffuse ;  when  one 
small  area  is  affected  the  inflammation  is  called  focal;  when  there  are  many 
foci  in  various  parts  of  the  cord  the  myelitis  is  said  to  be  disseminated. 
Inflammation  of  the  gray  matter,  around  the  central  canal,  extending  into 
the  intermediate  gray  substance  and  to  a  less  extent  into  the  cornua,  has 
been  termed  central  myelitis.  It  is  said  to  be  sometimes  so  intense  that  the 
gray  substance  flows  out  on  section,  leaving  the  white  substance  intact.  From 
this  the  inflammation  of  the  cornua  (commonly  limited  to  the  anterior)  may 
conveniently  be  distinguished  as  cornual  myelitis.  Both  are  forms  of  polio- 
myelitis, but  the  latter  term  has  been  somewhat  anomalously  restricted  to  the 
affection  of  the  anterior  cornu.  To  this  it  was  originally  applied,  with  the 
qualification  "anterior,"  but  the  adjective  is  now  frequently  omitted. 

ACUTE  MYELITIS. 
Etiology. — Little  is  known  of  the  influence  of  hereditary  predisposition, 
but  myelitis  is  sometimes  met  with  in  members  of  families  in  which  other 
evidence  of  a  neuropathic  tendency  can  be  traced.  Males  suffer  more  fre- 
quently than  females.  Acute  myelitis  may  occur  at  all  ages,  but  the  form 
which  occurs  in  young  children  is  usually  confined  to  the  anterior  cornu ; 
other  forms  of  myelitis  are  most  common  between  ten  and  forty  years.  Of 
exciting  causes  the  most  frequent  is  exposure  to  cold,  especially  to  wet  cold, — 
exposure  to  cold  winds  when  the  body  is  heated,  lying  on  damp  grass  or  on 
snow,  bathing  in  cold  water.  This  cause  has  been  supposed  to  act  by  sup- 
pression of  the  functions  of  the  skin,  since  myelitis  has  been  produced  by 
varnishing  the  skin  of  animals,  *  but  it  is  unlikely  that  this  is  the  sole  mech- 
anism. Exposure  of  the  back  to  cold  sometimes  seems  especially  effective. 
Myelitis  has  been  produced  experimentally  in  rabbits  by  freezing  the  skin  of 
the  back  with  ether  spray  (Feinberg).  Over-exertion  is  another  powerful 
cause,  and  is  especially  effective  when  combined  with  insufficient  food,  and 
exposure  to  cold.  Hence  soldiers  on  the  march  are  often  attacked.  The 
disease  has  been  known  to  follow  a  single  violent  contraction  of  the  dorsal 


*  Feinberg,    Virchow's  Archiv,  Bd.    59.     In  Vulpian's  laboratory  similar  experiments 
failed. 
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muscles.  It  followed,  in  one  recorded  case,  a  violent  effort  to  prevent  a  fall 
on  the  ice.  It  is  possible  that  there  is  an  actual  injury  to  the  cord  in  these 
cases,  or  inflammation  may  be  set  up  in  the  vertebral  column  and  may  spread 
to  the  cord.  In  several  cases  it  has  resulted  from  attempts  to  lift  heavy 
weights.  Thus  a  man,  two  days  after  such  an  attempt,  became  rapidly  para- 
plegic and  ultimately  died,  and  softening  of  the  cord  was  found  at  the 
level  of  the  fifth  and  sixth  cervical  vertebrae.  Sexual  excesses,  and  the  sud- 
den suppression  of  the  menses  and  of  other  habitual  discharges,  have  been 
supposed  to  cause  the  disease. 

Myelitis,  acute  and  subacute,  often  results  from  injuries  to  the  cord  of  all 
kinds,  lacerations,  bruises,  and  punctured  wounds.  The  readiness  with  which 
traumatic  myelitis  may  be  produced,  has  been  repeatedly  demonstrated  ex- 
perimentally. Simple  concussion  of  the  cord  may  set  up  inflammation,  but 
the  subacute  form  most  frequently  results  from  this  cause,  and  often  follows 
railway  accidents.  Slow  compression  is  constantly  attended  by  inflammation 
in  the  compressed  part,  as  stated  in  the  account  of  compression  ;  the  myelitis 
thus  set  up  may  have  an  independent  course,  acute  or  subacute,  and  may 
not  be  proportioned  to  the  pressure.  In  cancer  of  the  vertebral  bones,  for 
instance,  very  slight  pressure  may  cause  an  acute  inflammation  ;  there  is  prob- 
ably sometimes  an  extension  of  inflammation  to  the  cord  from  the  external 
disease,  but  such  extension  is  not  necessary  for  the  occurrence  of  the  myelitis ; 
the  inner  surface  of  the  dura  mater  is  often  normal.  Acute  myelitis  also 
results  from  internal  meningitis,  in  which  some  degree  of  invasion  of  the 
cord  is  almost  invariable. 

Inflammation  of  the  cord  occasionally  comes  on  in  the  course  of,  or  after, 
some  acute  diseases,  typhus,  typhoid,  and  especially  variola,  acute  rheuma- 
tism, and  severe  puerperal  diseases.  Whether  syphilis  is  a  cause  of  acute 
myelitis  is  a  question  on  which  opinions  differ.  It  certainly  may  cause  a 
subacute  form.  Attacks  of  acute  myelitis  are  not  uncommon  in  syphilitic 
subjects.  It  seems,  on  the  whole,  probable  that  there  is  a  causal  relation 
between  the  two,  although  the  nature  of  that  relation,  whether,  for  instance, 
it  is  by  disease  of  the  vessels,  is  not  known.  Subacute  myelitis  may  result 
from  chronic  alcoholism,  but  it  is  doubtful  whether  acute  myelitis  is  produced 
by  this  cause. 

Irritation  and  inflammation  of  peripheral  organs,  as  the  uterus,  bladder, 
kidneys,  intestine,  etc.,  has  been  supposed  to  be  an  occasional  cause,  but  this 
influence  is  exceedingly  doubtful  except  in  the  rare  cases  in  which  inflam- 
mation of  a  nerve  ascends  to  the  cord.  In  a  considerable  number  of  cases 
we  are  able  to  discover  no  cause  to  which  myelitis  can  be  ascribed. 

Pathological  Anatomy. — In  recent,  acute  inflammation  of  the  cord,  the 
pia  mater,  at  the  affected  part,  is  usually  red  and  vascular,  and  the  cord 
itself  may  be  slightly  swollen.  Its  tissue  is  reddened  and  often  marbled 
from  distended  vessels,  and  the  distinction  between  white  and  gray  matter  is 
indistinct  and  lost. 

The  diminution  of  consistence  which  occurs  in  acute  inflammation  may 
be  so  great  that  the  affected  part  is  diffluent,  like  cream,  and  flows  out  when 
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the  pia  mater  is  divided.  It  does  not  follow  that  the  consistence  is  lessened 
to  this  degree  during  life  ;  post-mortem  softening  occurs  more  readily  at  an 
inflamed  part.  When  the  vascular  disturbance  and  extravasation  are  con- 
siderable, the  condition  is  termed  "red  softening:"  so  much  blood  may  be 
effused  into  the  tissue  that  the  part  looks  as  if-  there  had  been  a  primary 
hemorrhage.  This  form  is  termed  "hemorrhagic  myelitis."  If  the  inflam- 
mation has  existed  for  some  time,  the  effused  blood  is  altered  in  tint  and  the 
color  of  the  softened  part  may  be  rather  chocolate  than  red.  After  a  longer 
time  the  changes  in  the  blood  pigment  cause  the  color  to  be  lighter,  "yellow 
softening."  Ultimately  the  blood  pigment  is  removed  and  the  softening 
becomes  "white."  The  period  at  which  these  changes  of  color  are  found 
varies  according  to  the  amount  of  extravasation  at  the  onset.  This  is  some- 
times very  slight,  so  that  the  softened  part  may  be  white  from  the  first.  At 
a  later  period  the  white,  opaque  aspect  is  changed  to  a  gray,  translucent 
appearance,  from  the  absorption  of  the  fatty  products  of  degeneration,  and  an 
increase  in  the  connective  tissue.  If  the  myelitis  is  very  limited  in  extent, 
cavities  may  be  formed  within  the  cord.  When  the  destruction  of  tissue  is 
trifling,  the  diminution  in  consistence  may  be  very  slight. 

The  microscopical  appearances  in  myelitis  vary  much  according  to  the 
duration  and  form  of  the  inflamma- 
tion, and  also  according  to  the  method 
of  preparation  adopted.  Observations 
during  the  early  stage  are  scanty,  since 
few  patients  die  during  the  first  fort- 
night. Moreover,  the  softened  tissue 
does  not  harden,  so  that  the  most  dis- 
eased part  cannot  be  examined  by  the 
most  instructive  method.  In  the  fresh 
state  the  most  conspicuous  objects  are 
the  products  of  degeneration  of  the 
fibres,  granules  and  masses  of  myelin, 
and  granule  corpuscles,  with,  in  older 
cases,  the  peculiar  bodies  termed  "  cor- 
pora amylacea"  (Fig.  84,  d~).  With 
these  are  numerous  red  blood  discs, 
leucocyte-like  corpuscles,  and,  after  the 
first  week,  distinct  cells,  round,  oval, 
spindle-shaped,  or  angular,  with  nuclei 
which  resemble  leucocytes  in  size,  and 
are  readily  mistaken  for  them.  Frag- 
ments of  axis  cylinders  may  also  be  seen, 
granular  in  aspect,  and  with  irregular 
swellings  (Fig.  84,  a).  After  hardening, 
the  appearances  vary  according  to  the  intensity  of  the  inflammation.  The 
changes  in  the  acute  and  subacute  forms  are  very  similar,  probably  because, 
in  the  parts  that  can  be  thus  examined,  the  acute  inflammation   is   less 
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Myelitis,  a,  An  irregularly  swollen  axis  cylinder. 
b,  Section  of  nerve  fibre  with  swollen  axis  cylin- 
der, c,  Section  of  white  substance,  with  gran- 
ule masses  and  atrophied  nerve  fibres,  d,  Cor- 
pora amylacea.     {After  Leydett.) 
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intense  than  in  the  softened  parts,  and  because  acute  cases  usually  come 
under  pathological  observation  when  the  acute  stage  is  over.  The  products 
of  degeneration  are  best  seen  in  the  fresh  state  or  in  sections  mounted  in 
glycerine  (Figs.  84  and  99).  The  fragments  and  globules  of  myelin  in 
part  occupy  the  position  of  the  nerve  fibres  from  which  they  have  -come, 

Fig.  85. 


Subacute  myelitis,  lumbar  region  ;  both  white  and  gray  substance  uniformly 
affected.  In  the  latter  the  numerous  distended  vessels  appear  as  lines  ; 
here  and  there  a  larger  one  is  visible. 


Fig.  86. 
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numerous  round  and  stellate TceHs  °  Bmriion^elU^ll  h  ■^\i  St?niion  of  Perivascular  sheaths ; 
post,  column  ;  scattered  nerve  fiorePseSrated  hi' ,  ?'  W"h  shP^ied  Processes.  C,  from  front  of 
round  and  irregular,  some  distinct Sttd^Tf  °f  m?'en?  '"  which  small  cells  can  be  seen, 
posterior  surface,  shows  similar  chan2«b.t  with  ^,'  SSe'S  WUh  ,h,icken=d  walls.  B,  from  near  the 
■shed.     (From  sections  Prepared  byDr.  Money!)  °V™  SpECeS  fr0m  which  nerve  fibres  have  P«- 

In  £f  JSn  ^^  int°  maSS6S'  In  Secti0"s  ™dered  transparent 
vessel  IT"  T  6  m°St  COnsPicuous  -Iteration  is  the  dilatation  of 
Tl  Lr  v  sse^  tfr  Very,  great     In  the  White  Substa-e    it    is   chiefly 

IXrits  sa  FrgsetgS' h:  thThgray  sranfce,may be  crammed 

v    s  '  6S'  86>  A)-     The  nuclei  of  the  capillaries  are 
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enlarged.  •  The  walls  of  the  smaller  arteries  are  encrusted  with  leucocytes  in 
the  early  stage,  and  later  on,  in  both  white  and  gray  substance,  are  much 
thickened  by  cells,  the  nuclei  of  which  are  often  elongated  and  more  or  less 
concentric  to  the  lumen  of  their  vessel  (Fig.  89).  Outside  this  thickened 
wall  the  perivascular  sheath  is  enormously  distended,  at  first  by  leucocytes, 
among  which,  afterward,  other  cells  are  mingled,  round,  fusiform,  angular, 
with  leucocyte-like  nuclei  (Fig.  89).  In  transverse  section  the  distended 
sheath  may  look,  at  first  sight,  like  an  enormously  thickened  wall.  Red 
blood  corpuscles  distend  the  vessels  and  are  seen  also  in  the  adjacent  tissue, 
sometimes  uniformly  scattered  through  it  (Fig.  89),  sometimes  aggregated  in 
small  extravasations.  The  gray  substance  is  densely  set  with  round  corpus- 
cles, staining  deeply,  many  of  which  are  the  nuclei  of  small,  fusiform,  or 
angular  cells  (Figs.  86,  a  ;  88,  b),  while  the  intervening  substance  is  much 
more  granular  than  in  health.  The  nerve  cells  are  much  swollen  and  gran- 
ular, often  contain  distinct  globules,  strongly  refracting,  and  probably  fatty. 
The  cell  processes  appear  shriveled  or  lost  (Fig.  86,  a).  In  slight  cases  the 
margins  of  the  cells  may  be  less  sharply  defined  than  in  health,  and  the 
bodies  then  contain  large  vacuoles,  sometimes  wholly  within  the  cells,  some- 
times partly  within  and  partly  outside  them  in  an  adjacent  albuminous-look- 
ing substance.* 

In  the  white  substance  cleared  sections  show  a  great  increase  and  altera- 
tion in  the  interstitial  tissue.  The  change  may  be  uniformly  distributed,  or 
greatest  in  the  neighborhood  of  the  vessels  (Fig.  89,  c).  The  increase  is 
due  in  part  to  an  amorphous  material,  containing  nuclei  here  and  there, 
some  of  which  belong  to  cells  such  as  have  been  described  in  the  gray  sub- 
stance ;  and  these  may  constitute  extensive  tracts  between  the  spaces  where 
nerve  fibres  once  existed  (Fig.  89).  In  older  cases  the  tissue  may  have  a 
fibrous  aspect  in  places.  The  large  cells,  with  many  processes,  called  "  spider 
cells"   or  "  cells  of  Deiters,"    are 

Fig.  87. 

often  conspicuous  objects  (Fig.  87).  ,,^y~^  testes  -^vM— ■  - ^ 

The  processes  extend   between  the  ('  "  ~  _     ^  ~    : 

nerve    fibres.     We    have    seen    (p.  .    ^     •  '         ~„f  , 

124)  that  their  existence  in  the  nor-      '    *      _J- -   —       I 
mal  cord  has  been  doubted,  but  in  ^       '  ~  i(>-v  --\_ 

the  inflamed   cord,   in   which  they  ^   V"  ,       ']^C  J5 

are  enlarged,  their  presence  is  un-  .W  ,',  ;      "        J 

mistakable.      The    changes  in  the  "       _.-_-'  -  J\~"~     -^'3 

nerve  fibres  vary  much.     They  al-  -> vSln  ■"■-  ■\*^rfg$&*\e  r& 

ways  suffer  destructive  changes,  but  Subacute  *™£?*£^^^J%&^ 

the  products  of  their  degeneration,  {^product.  f&SSSft  tht  cTTasT 

above  described,  are  Scarcely  tO    be        tended  by  optic  neuritis.  (From  a  section  lent  by  Dr. 
'  _,,  Dreschfeld.) 

seen   in   cleared    specimens.      Ine 


*  The  significance  of  this  vacuolation  has  been  much  discussed.  It  is  probable  that  the 
vacuoles  form  after  death,  perhaps  during  the  process  of  hardening,  but  that  they  do  not 
form  unless  the  cells  have  been  altered  by  disease.  They  have  thus  some  pathological 
significance. 
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slightest  change  in  the  myelin  appears  to  consist  in  an  alteration  in  its 
chemical  nature,  in  consequence  of  which  it  stains  more  readily  than  in 
health.  Fibres  are  thus  changed  adjacent  to  spots  of  increase  in  the  inter- 
stitial tissue,  and  they  contrast  with  the  unstained  healthy  fibres  in  the 
vicinity  (Fig.  88,  <r).  With  or  without  this  change  in  the  myelin  there  is 
an  irregular  swelling  of  the  axis  cylinders,  such  as  is  seen  on  examination  in 


Acute  transverse  myelitis,  fatal  in  three  weeks.  Carmine  preparations.  A, 
Section  through  most  diseased  part,  at  first  lumbar  segment.  Foci  of 
inflammation  scattered  through  the  whole  area  of  this  cord,  most  abund- 
ant in  the  posterior  columns  (the  apparent  enlargement  of  which  is  prob- 
ably due  to  the  direction  of  the  section).  Dilatation  of  the  central  canal. 
B,  From  the  anterior  cornu  at  A,  0,  a  distended  vessel;  the  tissue 
crammed  with  lymphoid  and  other  cells,  among  which  run  normal  nerve 
fibres.  C,  From  the  posterior  column,  A,  c.  The  areas  staining  deeply 
are  seen  to  consist  of  thickened  trabeculae,  lymphoid  cells,  amorphous 
tissue,  and  also  of  nerve  fibres,  the  white  substance  of  which  stains  with 
carmine  while  that  of  the  neighboring  healthy  fibres  does  not.* 

the  fresh  state.    If  the  fibres  are  divided  transversely  at  the  places  where  the 
axis  cylinder  is  swollen  this  appears  much  larger  than  normal  (Fig.  84,  b). 

*  I  am  indebted  to  Dr.  Dreschfeld  for  the  section  from  which  these  drawings  are  made. 
The  patient  was.  a  girl  aged  twenty-three ;  paralysis,  motor  and  sensory,  was  complete  at  the 
end  of  two  days ;  the  application  by  her  mother  of  hot  bottles  to  the  feet  caused  such  exten- 
sive sloughing  ulcers  that  amputation  of  one  leg  was  deemed  necessary  three  weeks  after  the 
onset,  and  the  patient  died  the  next  day. 
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Examples  of  this  will  be  found  in  most  of  the  figures.  These  intense 
degenerative  changes  cause  the  breaking  up  of  the  myelin  and  may  involve 
the  destruction  of  the  fibre,  the  space  occupied  by  it  being  left  empty.  In 
other  cases,  however,  the  axis  cylinder  persists  and  remains  surrounded 
by  a  narrow  zone  of  myelin.  Often  a  large  number  of  such  shrunken  fibres 
may  be  found  in  a  part  which  at  first  sight  appeared  devoid  of  fibres.  This 
shrinking  of  the  fibres  occurs  not  only  as  a  result  of  pressure  on  them  by 
the  connective-tissu'e  elements,  but  also  where  there  is  little  interstitial 
change  and  no  compression.  The  relative  amount  of  change  in  the  nerve 
fibres  and  interstitial  tissue  respectively  varies  very  much.  In  some  cases 
the  interstitial  increase  of  tissue  seems  the  primary  change  and  the  fibres  are 
altered  secondarily,  changing,  shrinking,  and  vanishing  as  they  are  sur- 
rounded and  enclosed  by  the  new  tissue. 

In  other  cases,  or  even  other  parts  of  the  same  section,  there  is  but  little 
increase  in  the  neuroglia,  although  the  fibres  have  suffered  extensively; 
empty  spaces  are  limited  by  septa  but  little  thicker  than  normal,  although, 
with  more  nuclei  and  often  with  numerous  granules,  the  nature  of  which  is 
uncertain.  Occasionally  there  is  more  diffuse  change  in  the  white  sub- 
stance; the  neuroglial  tissue  is  increased  by  small  cells  and  amorphous 
material  in  such  a  manner  that  all  appearance  of  septa  and  spaces  is  lost ;  a 
few  nerve  fibres  are  included  in  it,  and  the  spider  cells  are  very  conspicuous 
objects,  their  processes  alone  suggesting  the  septa  that  exists  in  the  normal 
condition  (Fig.  87). 

The  distribution  of  these  changes  is  very  variable.  The  whole  thickness 
of  the  cord  is  uniformly  affected  in  pressure  myelitis  (see  "  Compression  of 
the  Spinal  Cord  ").  In  transverse  myelitis  the  alteration  is  rarely  uniformly 
distributed  through  a  single  section,  and  each  part  may  present  variations  in 
the  damage  in  a  series  of  sections  taken  near  together  (see  Fig.  89  *).  In 
meningo  myelitis  the  periphery  of  the  cord  is  always  most  affected,  and  in 
old  cases  the  thickened  pia  mater  may  send  tracts  of  dense  tissue  into  the 
interior  of  the  cord,,  from  which  branching  processes  of  tissue  may  pass  on 
all  sides.  An  illustration  of  this  is  given  in  the  section  on  chronic  myelitis. 
A  similar  extension  is  often  conspicuous  in  cases  in  which  there  is  no  special 
inflammation  of  the  membranes,  and  the  interstitial  changes  often  extend 
from  the  septa  that  normally  pass  into  the  cord  and  from  the  walls  of  the  ves- 
sels, the  course  of  which  may  thus  be  marked  out  when  the  vessels  cannot  be 
seen.  Hence  the  white  columns  may  be  broken  up  by  lines  of  tissue  pass- 
ing from  the  surface  of  the  cord  toward  the  gray  substance.     In  dissemi- 

*  Fig.  89. — Acute  transverse  myelitis ;  from  a  case  fatal  in  a  month.  A,  B,  C,  Neighboring  sections  from  the 
inflamed  part,  in  the  mid-dorsal  region,  to  show  this  varying  distribution  of  the  inflammation.  (Stained  with 
aniline  blue  black.)  Distended  vessels  are  all  surrounded  by  thick  zones  of  clear  tissue,  in  places  divided 
obliquely,  while  outside  this,  ramifying  tracts  of  darker  tissue  extend  into  the  white  substance.  In  D,  from 
the  front  of  the  posterior  column,  the  changes  are  shown,  more  highly  magnified.  The  zone  around  the 
vessels  is  seen  to  consist  ot  the  perivascular  sheath  distended  by  cellular  elements,  round,  oval,  fusiform, 
angular.  The  white  substance  is  crammed  with  similar  cells  and  hardly  any  trace  of  nerve  fibres  or  of 
normal  structure  can  be  perceived.  In  E,  from  a  less  affected  part  of  the  lateral  column,  stained  with  car- 
mine, the  alveoli  remain,  although  the  tissue  between  them  is  thickened,  and  in  many  places  studded 
with  refracting  granules  and  larger  nuclei.  In  many  spaces  nerve  fibres  are  seen  much  smaller  than  nor- 
mal in  consequence  of  the  wasting  of  the  white  substances.  F  represents  a  similar  condition,  with  fewer 
nerve  fibres,  and  extensive  infiltration  ot  the  alveoli  with  blood  corpuscles,  (From  sections  prepared  by 
Dr.  Money.    For  the  specimen  I  am  indebted  to  Dr.  Hadden.) 
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nated  myelitis  foci  of  inflammation  may  be  scattered  through  a  wide  extent 
of  the  spinal  cord  and  may  appear  on  the  surface  as  reddish-gray  areas,  closely 
resembling  those  of  disseminated  sclerosis,  but  less  sharply  limited.  This 
form  is  usually  subacute  and  is  that  which  is  often  due  to  syphilis. 

The  nerve  roots  coming  from  a  much  inflamed  part  are  usually  damaged, 
and  may  present  histological  changes  similar  to  those  within  the  cord,  dis- 
tention of  vessels,  increase  of  nuclei  and  of  connective  tissue  about  the 
vessels,  breaking  up  of  the  myelin,  swelling  of  the  axis  cylinders.  Degen- 
erative and  neuritic  changes  may  descend  the  motor  nerves,  although  rarely 
to  the  same  degree  as  in  polio-myelitis. 


Fig.  90. 


Ascending  myelitis  from  fracture  of  spine  completely  destroying  the  cord  in  the  mid-dorsai  region.  A, 
from  the  seventh  cervical,  presents  only  the  ascending  degenerations  in  post.  med.  col.,  direct  cerebel. 
tra'ct,  and  ant.-lat.  ascending  tract.  B,  from  the  eighth  cervical,  presents  also  numerous  tracts  of  finely 
granular  aspect  under  a  low  magnifying  power,  the  structure  of  which  is  shown  in  Fig.  91. 

From  the  foci  of  inflammation,  ascending  and  descending  degenerations 
pass  along  the  tracts  of  long  fibres  that  have  been  already  described,  down- 
ward in  the  pyramidal  tracts,  upward  in  the  posterior  median  columns,  the 
direct  cerebellar  tracts,  and  the  antero-lateral  ascending  tract.  In  cases  of 
transverse  myelitis  inflammation  sometimes  ascends  the  cord  for  a  short  dis- 
tance chiefly  in  certain  tracts.  It  may,  for  instance,  pass  up  the  pyramidal 
tracts,  so  that,  an  inch  or  two  above  the  upper  limit  of  the  general  inflam- 
matory changes,  an  ascending  inflammation  of  the  pyramidal  tracts  may  be 
combined  with  an  ascending  degeneration  of  the  tracts  that  always  suffer 
secondary  ascending  degeneration. 
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If  the  patient  survives,  the  new  interstitial  tissue  slowly  undergoes  fibroid 
changes  and  contracts,  although  for  a  long  time  cell  forms  may  be  distin- 
guished in  it.  We  know  very  little  of  the  nature  of  the  process  that  occurs 
in  the  cases  which  slowly  recover.  The  fact  that  a  long  period  of  total 
palsy  may  be  succeeded  by  the  slow  return  of  considerable  power  shows  that 
greatly  damaged  fibres  may  regain  functional  capacity.  It  is  easy  to  con- 
ceive that  the  fibres,  which  are  only  so  far  changed  that  the  axis  cylinders 
are  swollen  and  the  myelin  stains  readily,  may  speedily  recover.  The  fibres 
that  are  shrunken,  and  in  which  a  narrow  layer  of  myelin  surrounds  an 
axis  cylinder,  may  also  regain  the  power  of  conducting.  But  we  must  pre- 
sume that  in  these  fibres  there  is  no  interruption  of  the  axis  cylinders.  An 
absolute  motor  palsy  of  twelve  months'  duration  must,  it  would  seem  by  all 
analogy,  involve  an  absolute  interruption  of  the  fibres.  But  in  such  a  case 
some  return  of  power  may  occur.  Is  this  effected  by  a  growth  of  new  fibres 
such  as  occurs  in  nerves  ?     In  the  lower  animals  such  a  growth  of  fibres  has 

Fig.  91. 


From  the  outer  part  of  the  front  of  the  lateral  column  in  B,  Fig.  90.  a  is  the  anterolateral  ascending  tract, 
the  fibres  completely  degenerated,  except  a  few,  probably  of  other  nature  and  belonging  to  6,&  narrow 
zone,  nearly  healthy,  of  the  antero-lateral  ground  fibres,  c  represents  the  outer  part  of  one  of  the  finely 
granular  tracts.  Under  the  higher  magnifying  power  these  tracts  are  seen  to  consist  of  very  minute  nerve 
fibres  with  a  granular  material  between  them  in  which  few  cell  forms  can  be  distinguished.  Adjacent  to 
these  tracts  there  has  apparently  been  extensive  destruction  of  the  fibres,  large  spaces  being  occupied  by 
products  of  degeneration  and  appearing  empty  in  the  cleared  section. 


been  proved  to  occur ;  in  man  it  has  not  yet  been  demonstrated.  But  it  is 
difficult  to  conceive  any  other  explanation  of  the  clinical  facts.  The  very 
interesting  appearances  presented  by  the  section  of  a  cord  shown  in  Figs, 
go,  b,  and  91  suggest  strongly  a  process  of  regeneration.  The  cord  was 
crushed  in  the  mid-dorsal  region  by  a  fracture  of  the  spine,  and  motor  and 
sensory  paralysis  remained  absolute,  up  to  the  level  of  the  lesion,  till  the 
patient's  death,  six  months  later.  At  the  seventh  cervical  the  cord  presents 
only  the  usual  ascending  degenerations,  but  at  the  eighth  cervical,  opaque 
tracts  extend  through  the  gray  matter.  Adjacent  to  these  there  is  every- 
where an  extensive  destruction  of  nerve  fibres.  The  tracts  contain  a 
large  number  of  very  minute  nerve  fibres,  each  consisting  of  a  fine 
axis  cylinder  surrounded  by  myelin.  The  fibres  are  smaller  than  any  met 
with  in  the  normal  cord.  The  appearance  is  as  if  there  had  been  an 
ascending  myelitis,  chiefly  parenchymatous,  which  had  extended  up  the  cord 
as  high  as  between  the  seventh  and  eighth  cervical  segments,  and  from  the 
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lower  extremity  of  the  normal  fibres  there  had  occurred  a  growth  of  new 
fibres  such  as  effects  the  regeneration  of  nerves.* 

Symptoms. — The  symptoms  of  myelitis  vary  much  according  to  its  degree 
and  form.  The  most  common  variety,  which  may  be  regarded  as  the  typi- 
cal form,  is  acute  transverse  myelitis,  and  to  this  especially  the  following 
description  applies.  The  conspicuous  symptoms  are  those  which  depend 
on  the  interference  with  the  functions  of  the  cord,  and  these,  in  most  cases, 
are  also  the  first  indications  of  the  disease.  They  are  sometimes  preceded, 
and  more  often  accompanied,  by  general  symptoms,  such  as  attend  inflam- 
mation of  other  internal  organs, — malaise,  shivering,  headache,  depression, 
loss  of  appetite,  pyrexia, — symptoms  which  may  attend  any  form  of  acute 
myelitis,  or  may  be  altogether  absent.  Their  occasional  absence  is  probably 
explained  by  the  fact  that  very  severe  nervous  symptoms  may  result  from  an 
inflammation  which  involves  a  very  trifling  extent  of  tissue. 

The  spinal  symptoms,  if  not  prominent  at  first,  quickly  become  so.  The 
most  obtrusive  is  the  motor  weakness,  but  this  may  be  preceded,  for  a  few 
hours  or  days,  by  sensory  symptoms  in  the  limbs — "numbness,"  tingling, 
formication,  or  burning.  Occasionally  there  are  rheumatoid  pains  at  the 
onset,  especially  in  myelitis  of  the  anterior  cornua.  Pain  may  be  felt  in  the 
back,  as  well  as  in  the  limbs,  but  the  vertebral  pain  is  not  increased  by 
movement,  and  soon  ceases.  Occasionally  spasmodic  twitchings  in  the 
limbs  or  painful  cramps  attend  the  onset.  In  rare  cases,  there  is  a  general 
disturbance  of  the  system.  But  convulsion  occasionally  attends  the  onset  of 
acute  myelitis  in  adults,  even  when  there  is  no  cerebral  complication.  Three 
instances  of  this  have  come  under  my  own  observation. 

The  motor  paralysis  usually  comes  on  rapidly,  and  reaches  a  considerable 
degree  in  the  course  of  a  few  hours.  A  patient  after  such  sensations  as  have 
been  described,  or.  without  any  warning,  finds  that  his  lungs  feel  heavy ; 
after  walking  for  a  few  hours  he  is  obliged  to  sit  down  and  rest.  When  he 
tries  to  walk  again  his  legs  feel  "as  if  made  of  lead."  He  lies  down  for  an 
hour,  and  then  finds  that  he  cannot  stand,  and  in  a  few  hours  more  is  unable 
to  raise  his  legs  in  bed,  although,  perhaps,  he  can  still  move  the  toes ;  next 
day,  even  this  power  is  lost.  Occasionally  the  mode  of  onset  is  still  more 
rapid,  and  occupies  only  a  few  minutes.  The  legs  are  found  suddenly  to  be 
heavy  and  tingling,  the  sufferer  sits  down  on  a  chair  for  a  quarter  of  an  hour, 
and  then  finds  that  he  cannot  stand.  Such  rapid  onset  resembles  that  of 
spinal  hemorrhage,  and  it  is  probable  that  in  most  of  these  cases  there  is 
hemorrhage  in  addition  to  inflammation,  "hemorrhagic  myelitis."  Such 
cases  are,  however,  sufficiently  rare  not  to  interfere  with  the  diagnostic  rule 
that  a  sudden  onset  means  a  vascular  lesion,  and  that  the  characteristic  onset 
of  myelitis  is  rapid  but  not  sudden.  Now  and  then  the  onset  is  in  the  night, 
during  sleep ;  a  patient  goes  to  bed  well,  and  wakes  up  in  the  morning  with 
complete  paraplegia.     On  the  other  hand,  the  onset  of  the  paralysis  may 

*  For  these  sections  I  am  indebted  to  Dr.  F.  G.  Penrose.  Unfortunately,  I  have  been 
unable  to  obtain  any  other  sections  of  this  part  of  the  cord. 
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occupy  several  days,  or  even  a  week.  When  longer  than  this,  from  ten  to 
forty  days,  the  myelitis  is  to  be  regarded  as  subacute.  Occasionally  the 
onset  is  by  a  series  of  sudden  attacks  of  weakness  at  intervals  of  a  few  hours 
or  days,  or  even  weeks.  In  the  latter  case  there  may  be  some  recovery  from 
one  attack  before  the  next  comes  on.  In  other  instances,  there  is  gradual 
partial  loss  of  power  for  a  few  days,  and  then  complete  paralysis  comes  on 
rapidly. 

When  the  paralysis  has  reached  its  height,  and  has  ceased  to  increase,  it 
is  usually  complete :  sometimes  it  is  incomplete,  the  limbs  can  be  moved, 
but  with  little  power,  or  the  patient  may  be  able  to  contract  certain  muscles 
but  not  to  move  the  parts  to  which  they  are  attached,  perhaps  only  to  move 
the  toes.  The  distribution  of  the  paralysis  depends  on  the  position  and  ex- 
tent of  the  disease.  In  the  majority  of  cases  the  legs  and  lower  part  of  the 
trunk  only  are  affected,  because  the  dorsal  region  of  the  cord  is  the  most 
frequent  seat  of  myelitis.  If  it  is  incomplete  in  the  legs,  the  flexor  muscles 
usually  suffer  more  than  the  extensors.  When  the  disease  is  in  the  cervical 
region  the  arms  as  well  as  the  legs  are  involved,  and  the  arms  are  sometimes 
paralyzed  before  the  legs,  probably  because  the  disease,  in  these  cases, 
begins  in  the  gray  matter,  and  affects  the  pyramidal  tracts  secondarily 
(Hallopeau).  The  range  of  motor  symptoms,  when  the  disease  is  at  differ- 
ent heights,  are  indicated  in  the  table  of  functions  given  at  p.  152. 

Sensation  is  frequently  impaired  as  well  as  motion.  In  all  cases,  except 
those  of  trifling  degree,  it  is  affected  at  the  onset.  It  may  be  absolutely  lost 
up  to  the  level  of  the  lesion.  In  slighter  cases  the  loss  may  be  partial,  and 
only  certain  forms  of  sensation  may  be  impaired.  Occasionally  there  is 
hyperesthesia  in  the  limbs  at  the  onset.  At  the  level  of  the  lesion,  there  is 
usually  a  zone  of  hyperesthesia,  corresponding  to  the  distribution  of  the 
nerves  that  pass  through  the  upper  part  of  the  affected  region,  i.  e,,  through 
the  lowest,  merely  irritated,  portion  of  the  cord  above  the  disease.  The 
hyperesthesia  may  readily  be  detected  by  passing  a  hot  sponge  down  the 
spine;  the  sense  of  warmth  changes,  at  the  hyperesthetic  zone,  into  one  of 
pain.  Corresponding  to  this  zone  of  hyperesthesia  there  is  often  a  sense  of 
painful  constriction,  a  "girdle  pain,"  which  may  persist  for  a  long  time, 
even  after  the  loss  of  sensibility  below  the  lesion  has  passed  away.  Its  posi- 
tion varies  with  the  position  of  the  disease.  It  is  mostly  felt  between  the 
umbilicus  and  ensiform  cartilage,  sometimes  around  the  lower  part  of  the 
abdomen,  about  the  anus,  or  in  the  legs.  It  is  of  much  practical  importance 
because  it  is  evidence  of  the  existence  of  organic  disease  and  also  of  the 
upper  limit  of  the  lesion.  It  is  sometimes  a  very  early  symptom.  Any 
initial  pain  in  the  limbs  usually  ceases  when  sensation  becomes  abolished. 

The  state  of  reflex  action  varies,  and  depends  on  the  position  of  the  disease, 
in  accordance  with  the  laws  already  stated.  An  acute  lesion  in  any  part  of 
the  cord  may  cause  an  initial,  inhibitory,  loss  of  reflex  action  in  the  parts 
below,  but  if  the  lesion  is  above  the  lumbar  enlargement,  reflex  action  returns 
in  the  course  of  a  few  hours.  Frequently  there  is  no  initial  depression. 
Subsequently  the  reflex  action  becomes  excessive,  that  from  the  skin  rapidly, 
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that  from  the  muscles  more  slowly.  Ultimately  each  attains  a  high  degree 
of  exaltation.  If  the  disease  involves  the  lumbar  enlargement  all  forms  of 
reflex  action  are  lost.  When  in  the  cervical  region,  it  may  be  lost  in  the 
arms,  excessive  in  the  legs.  In  dorsal  myelitis  the  trunk  reflexes  are  often 
impaired,  and  may  give  important  information  as  to  the  seat  of  the  disease. 
The  muscles  of  the  legs  are  sometimes  at  first  flabby  and  toneless  during 
the  stage  of  initial  depression  of  reflex  action,  doubtless  from  the  same 
influence.  This  condition  soon  passes  off,  if  the  lesion  is  above  the  lumbar 
enlargement,  and  as  reflex  action  becomes  active,  the  muscles  regain  their 
tone.  If,  however,  the  myelitis  involves  the  lumbar  enlargement  in  con- 
siderable degree,  the  muscles  of  the  legs  remain  flaccid,  and  lose  all  in- 
fluence on  the  posture  of 
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extreme.  In  many  cases  of  myelitis  above  the  lumbar  enlargement  there  is 
a  slighter  and  slower  wasting  of  the  muscles,  without  any  loss  of  reflex  action. 
The  ultimate  amount  of  wasting  may  be  considerable,  but  it  is  never  so  great 
as  when  tjie  lumbar  gray  matter  is  diseased.  There  is  never  the  reaction  of 
degeneration,  but  only  a  slight  change  in  irritability,  similar  to  each  current, 
at  first  an  increase  which,  after  some  weeks  or  months,  gives  place  to  a  slight 
diminution. 

The  sphincters  are  usually  affected  from  the  first,  except  in  very  slight 
cases,  and  they  sometimes  afford  the  earliest  indication  of  commencing  lesion. 
There  is  usually  first  retention  of  urine,  and  afterward  incontinence,  over- 
flow or  reflex  (see  p.  163),  when  the  disease  is  above  the  lumbar  region  ;  if 
the  lumbar  centre  is  diseased  there  is  persistent  incontinence  from  the  first. 
In  the  former  case  there  is  involuntary  action,  in  the  latter  inaction,  of  the 
sphincter  ani,  and  in  both  cases  incontinence  of  faeces.  This  maybe  incon- 
spicuous in  the  early  period,  on  account  of  constipation,  due  to  intestinal 
paralysis.  In  cases  of  partial  myelitis,  as  of  the  anterior  cornua,  the  sphinc- 
ters are  often  unaffected.  The  urine  is  frequently  alkaline  in  reaction,  and 
the  change  sometimes  comes  on  so  rapidly  that  it  is  evidently  the  result  of  an 
alteration  in  the  secretion.  In  all  cases  of  retention,  decomposition  in  the 
bladder  increases  the  alkalinity.     Cystitis  often  follows. 

The  temperature  of  the  paralyzed  limbs  is  usually  at  first  raised  one  or  two 
degrees  above  that  of  the  mouth,  but  it  afterward  falls,  and  remains  a  degree 
or  so  lower  than  that  elsewhere.  The  skin  is  often  dry,  sometimes  covered  with 
sweat.  Its  nutrition  often  suffers  and  bedsores  result.  In  some  cases  they 
are  due  to  long-continued  pressure  and  neglect,  but  they  may  occur  early 
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and  intensely  when  the  disease  affects  the  lumbar  enlargement  or  irritation 
extends  down  to  it  from  above.  The  least  pressure  on  the  skin  may  then 
cause  a  bulla  containing  sanious  liquid,  and  sloughing  occurs  with  readiness, 
especially  over  the  sacrum.  Now  and  then  there  is  effusion  into  the  knee 
joints.  Occasionally  the  tendency  to  sloughing  of  the  skin  is  so  intense  that 
the  lesions  appear  to  be  spontaneous. 

Such  trophic  disturbances  sometimes  occur  in  the  cellular  tissue  of  the 
lower  part  of  the  body,  especially  in  the  neighborhood  of  the  bladder  and 
rectum.  A  remarkable  example  of  such  disturbance  was  presented  by  the 
case  from  which  Figs.  85  and  86  are  taken.  Slight  symptoms  of  subacute 
myelitis  were  followed  by  those  of  cellulitis  in  the  lower  part  of  the  abdomen, 
on  account  of  which  the  patient  was  admitted  into  University  College 
Hospital  under  the  care  of  my  colleague,  Mr.  Marcus  Beck.  Subcutaneous 
emphysema  developed  about  the  groins,  and  suppuration  occurred  near  the 
rectum.  In  consequence  of  this  inflammation  the  patient  died,  the  cord 
symptoms  having  slowly  increased.  After  death  no  lesion  of  the  intestine 
or  local  cause  of  the  cellulitis  could  be  discovered.  It  is  probable  that  the 
derangement  of  the  trophic  influence  of  the  cord  facilitates  the  occurrence 
of  cystitis  from  retention  of  urine,  and  intensifies  its  effect  on  the  kid- 
neys. Ulceration  of  the  bladder,  which  sometimes  occurs  with  remark- 
able rapidity,  may  be  thus  produced.  A  vesico-vaginal  fistula  may  form. 
Ulceration  of  the  urethra  and  consequent  extravasation  of  urine  have  been 
observed  in  a  similar  case.*  In  another  case  the  inflammation  of  the  bladder 
was  intense,  and  suppurative  cellulitis  occurred  outside  the  organ  and  set  up 
a  fatal  peritonitis.     The  kidneys  were  the  seat  of  suppurative  inflammation. f 

When  the  disease  is  in  the  cervical  region  the  pupil  may  be  affected.  In 
rare  cases  of  myelitis,  optic  neuritis  has  been  observed,  without  any  intra- 
cranial complication  to  cause  it.  J  It  is  probably  not  the  result  of  the  inflam  ■ 
mation  of  the  spinal  cord,  but  is  an  associated  and  similar  lesion,  the  result 
of  the  cause  of  the  myelitis.  It  is  noteworthy  that  most  of  the  cases  thus 
accompanied  have  been  instances  of  disseminated  myelitis,  a  form  that  sug- 
gests a  cause  acting  widely  on  the  nervous  system.  In  the  case  of  Sharkey 
and  Lawford  the -optic  neuritis  reached  its  height  some  weeks  before  the 
occurrence  of  the  first  spinal  symptoms,  and  in  the  cord  were  two  separate 
and  distant  foci  of  inflammation. 

In  cases  of  rapid  development  the  degree  attained  by  the  symptoms  at 
their  onset  may  not  be  exceeded.  In  some  cases  a  slower  increase  or  exten- 
sion ensues  in  the  course  of  a  few  days.  The  myelitis,  beginning  below,  may 
ascend  the  cord,  and  the  arms  and  respiratory  muscles  may  gradually  become 
involved.  Or  inflammation,  beginning  in  the  dorsal  region,  may  slowly 
descend  into  the  lumbar  enlargement,  probably  extending  along  the  gray 

*  S.  West,  Si.  Bart.  Hasp.  Rep.,  vol.  x. 

f  Sharkey  and  Lawford,  Trans.  Ophth.  Soc,  1883. 

%  Optic  neuritis  was  present  in  the  case  of  disseminated  myelitis  under  the  care  of  Dr. 
Dreschfeld,  from  which  Fig.  87  is  taken,  and  also  in  that  of  Sharkey  and  Lawford  just  men- 
tioned.    See  "  Medical  Ophthalmoscopy,"  2d  ed.,  p.  161. 
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matter.     Reflex  action  in  the  early  stages  is  normal  or  excessive,  and  after- 
ward becomes  lost. 

If  the  patient  survives,  the  course  of  the  symptoms  varies  according  to  the 
intensity  of  the  lesion.  The  paralysis,  motor  and  sensory,  may  remain  com- 
plete. Most  frequently  sensation  is  recovered  after  a  few  weeks  or  months, 
while  motor  power  continues  absent  for  a  much  longer  period.  The  exces- 
sive reflex  action  may  lead  to  the  gradual  development  of  spasm  in  the  legs. 
This  is  especially  related  to  the  increase  of  the  muscle-reflex  action,  which 
follows  the  secondary  descending  degeneration  of  the  pyramidal  fibres. 
Ultimately  the  condition  is  that  termed  "spastic  paraplegia,"  and  described 
in  detail  in  another  section.  The  onset  of  this  spasm  is  not  incompatible 
with  the  recovery  of  some  voluntary  power.  The  muscles  in  these  cases  are 
often  well  nourished  and  may  even  increase  in  size ;  the  spasm  constitutes  a 
powerful  stimulus  to  their  growth.  Spasm  may,  however,  coexist  with  the 
slow  wasting  described  above  (p.  229),  but  is  rarely  intense  in  these  cases. 
Sometimes,  especially  when  the  cutaneous  reflexes  are  in  excess,  and  there 

Fig.  93. 


Flexor  contraction  of  legs  in  myelitis  of  the  dorsal  region. 


is  little  or  no  recovery  of  voluntary  power,  flexor  spasm  comes  on  at  a  later 
period,  at  first  in  paroxysms,  alternating  with  the  extensor  spasm.  After- 
ward posture  may  lead  to  persistent  contraction  in  the  flexors  of  the  knee 
and  hip  (Fig.  93),  which  may  become  so  great  that  the  heels  are  in  contact 
with  the  buttocks. 

Death  may  occur  from  the  extension  upward  of  the  mischief,  or  by  failure 
of  respiratory  power,  often  aided  by  accumulation  of  mucus  in  the  bronchi, 
or  it  may  result  from  the  trophic  consequences  of  the  disease ;  bedsores  may 
lead  to  pyaemia;  cystitis  and  retention  may  set  up  suppurative  pyelo- 
nephritis; or  the  patient's  strength  maybe  slowly  worn  out,  and  thus  he 
may  die  after  some  weeks  or  months.  When  improvement  takes  place  it  is 
usually  slow.  In  cases  of  moderate  severity  the  recovery  may  ultimately  be 
complete,  but  in  severe  cases  it  is  often  imperfect,  and  some  weakness  with 
spasm  or  wasting  is  permanent.  Rarely  there  is  no  improvement.  The  dis- 
ease passes  into  a  chronic  stage,  and  the  paralysis  may  remain  complete  as 
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long  as  the  patient  lives,  often  for  years.  In  some  cases,  however,  improve- 
ment occurs  even  after  the  paralysis  has  remained  absolute  for  six  or  twelve 
months.  In  such  cases  the  recovery  is  never  complete,  although  it  is  some- 
times considerable. 

Varieties. — The  different  forms  of  myelitis,  which  may  be  distinguished 
on  pathological  grounds,  are  attended  by  some  differences  in  the  symptoms. 
The  symptoms  of  transverse  myelitis  have  been  described  as  those  typical 
and  characteristic  of  the  disease.  Strictly  speaking,  the  transverse  form  is  a 
variety  of  focal  myelitis,  but  the  latter  term  is  often  applied  to  the  variety  in 
which  there  is  a  small  area  of  inflammation  not  extending  through  the  cord 
and  sometimes  limited  to  a  single  element.  Many  cases  of  anterior  polio- 
myelitis are  instances  of  this  form,  but  these  are  excluded  from  present  con- 
sideration. With  this  exception,  little  is  known  of  myelitis  limited  to  a 
single  small  focus,  because  such  cases  are  rarely  fatal.  Cases  are  occasionally 
met  with  in  which  symptoms  of  very  limited  range  come  on  acutely,  and 
may  reasonably  be  ascribed  to  such  a  lesion.  They  may  be  one-sided,  and 
motor  or  sensory,  or,  as  I  have  more  than  once  seen,  there  may  be  acute 
sensory  disturbance  with  incoordination,  limited  to  a  single  limb.  A  much 
more  frequent  focal  form  is  disseminated  myelitis,  in  which  there  are  two  or 
more  foci  of  inflammation  in  the  same  or  different  parts  of  the  cord.  The 
onset  of  this  form  is  often  subacute,  and  constitutional  symptoms  are  fre- 
quently absent.  The  most  important  special  symptoms  are  those  which 
indicate  interference  with  the  central  functions  of  the  cord  in  more  than  one 
locality.  The  combinations  of  symptoms  are  very  variable.  In  many  cases 
the  several  foci  of  inflammation  develop  successively,  not  simultaneously, 
and  then  we  have  a  corresponding  succession  of  symptoms.  Thus,  a  mye- 
litis in  the  cervical  region,  causing  atrophy  of  some  groups  of  muscles  in  one 
arm  and  paralysis  of  the  corresponding  leg,  may  be  followed  by  paralysis  of 
the  other  leg  with  such  loss  of  reflex  action  in  it  as  shows  a  separate  focus  of 
inflammation  in  the  lumbar  enlargement,  and  this  again  by  the  development 
of  a  girdle  pain  corresponding  to  the  middle  of  the  dorsal  region  from  a 
fresh  area  of  inflammation  in  that  situation.  When  numerous  foci  of  mye- 
litis occur  in  the  dorsal  region,  as  is  not  uncommon  in  syphilitic  cases  and 
after  injury,  the  symptoms  may  closely  resemble  those  of  a  transverse  mye- 
litis, because  by  one  or  another  of  these  foci  each  of  the  elements  of  the  cord 
is  interrupted.  The  only  distinction  may  be  the  extensive  impairment  of  the 
trunk  reflexes,  or  the  detection  of  extensive  loss  of  irritability  in  the  trunk 
muscles. 

In  the  rare  form  of  diffuse  central  myelitis  there  is  usually  rapid  loss  of 
power,  of  sensation,  and  of  reflex  action,  considerable  elevation  of  temper- 
ature, speedy  trophic  disturbance,  and  often  death  at  the  end  of  two  or 
three  days.  Rarely  sensation  and  reflex  action  have  been  lowered  and  not 
lost.  On  the  other  hand,  the  loss  of  sensation  is  said  to  be  sometimes 
absolute,  when  motor  palsy  is  incomplete.  The  symptoms  have  begun  in 
arms  and  legs  simultaneously,  or  in  either  of  these,  and  have  accordingly 
spread  upward  and  downward.     Practically  nothing  is  yet  known  of  any 
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slight  non-fatal  forms  of  this  variety.  Hemorrhagic  myelitis  is  scarcely  a 
special  form,  since  any  acute  inflammation  of  the  cord  may  be  attended  by 
a  sudden  extravasation  of  blood.  Its  manifestation  is  the  sudden  onset  of 
severe  symptoms  after  slighter  disturbance  such  as  indicates  a  commencing 
myelitis. 

Pathology. — Very  little  is  known  of  the  pathology  of  acute  myelitis,  of 
the  relation  of  the  morbid  process  to  its  causes.  The  spinal  cord  differs 
from  most  organs  in  that  acute  inflammation  may  be  very  limited  in  extent. 
In  its  great  liability  to  primary  inflammation,  the  cord  presents  a  remarkable 
contrast  to  the  brain.  The  special  liability  of  the  dorsal  region  may  be 
associated  with  the  readiness  with  which  this  part  undergoes  post-mortem 
softening,  but  we  are  ignorant  of  the  conditions  by  which  this  liability  is 
determined.  A  question  of  considerable  interest  is  whether  acute  inflam- 
mation of  the  cord  always  begins  as  such,  or  whether,  in  any  case  or  form, 
it  is  set  up  by  vascular  obstruction,  such  as  thrombosis  in  a  minute  vessel. 
It  is  conceivable  that  such  an  initial  lesion  may  be  ultimately  lost  in  the 
spread  of  the  inflammation  it  excites.  The  acute  inflammations  of  the  cord 
that  occur  in  syphilitic  subjects  seem  to  have  no  specific  histological  char- 
acters. 

Diagnosis. — Myelitis  is  recognized  by  the  rapid  onset  of  symptoms  indi- 
cating structural  disease  of  the  cord.  The  diagnosis  may  be  aided  by  the 
presence  of  such  general  symptoms  as  attend  the  occurrence  of  inflamma- 
tion in  other  organs,  but  the  absence  of  these  is  of  little  negative  signifi- 
cance. The  position  of  the  myelitis  must  be  inferred  from  the  considera- 
tions already  described.  Its  upper  limit  is  indicated  by  the  upper  limit  of 
the  paralysis  ;  its  lower  limit  by  the  impairment  of  the  functions  of  the  cord 
as  a  central  organ  (reflex  action  and  muscular  excitability)  in  the  parts 
paralyzed,  while  the  degree  to  which  the  various  structures  of  the  cord  are 
damaged  must  be  inferred  from  the  character  and  degree  of  the  symptoms 
in  the  affected  limbs. 

Thus,  if  called  to  a  patient  who  has  rapidly  become  paraplegic,  the  prac- 
titioner should  first  note  the  degree  of  motor  and  sensory  paralysis  of  the 
legs  (indicating  whether  the  lesion  is  total  or  partial),  and  how  high  up  the 
trunk  the  symptoms  extended.  He  should  then  test  the  reflex  action  in  the 
affected  limbs  and  trunk,  and  ascertain  the  state  of  myotatic  irritability  in 
the  limbs.  These  indicate  the  condition  of  the  reflex  arcs  in  the  lower 
portion  of  the  cord.  Further  information  on  this  point  is  afforded  by  the 
state  of  muscular  nutrition,  and  especially  by  the  evidence  of  the  state  of 
nutrition  of  the  nerve  fibres  which  is  revealed  by  faradaism.  It  is  useless  to 
apply  this  test  until  five  or  seven  days  after  the  onset,  because  four  or  five 
days,  and  often  eight  or  ten,  elapse  before  the  degenerative  changes  occur 
in  the  nerve  fibres.  The  examination  may  then  be  made  without  any  risk,, 
provided  a  very  gentle  current  is  employed,  just  sufficient  to  cause  a  con- 
traction in  the  corresponding  muscles  of  a  healthy  limb,  and  the  current 
need  not  be  applied  to  each  spot  for  more  than  a  second.  The  isolated 
faradaic  shock  may  be  employed  with  advantage.  If  no  change  is  found, 
IS 
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the  examination  may  be  repeated  at  the  end  of  ten  days  from  the  onset.     If 
no  muscles,  at  the  end  of  that  time,  present  any  considerable  diminution  of 
contractility,  it  shows  that  no  considerable  nutritive  change  is  taking  place 
in  the  nerves,  and  that  the  gray  matter  from  which  the  nerves  proceed  is  not 
inflamed.     On  the  other  hand,  if  certain  muscles  present  a  diminution  of 
irritability,  others  being  normal,  there  is  a  focal  lesion  in  the  corresponding 
gray  matter.     If  all  the  muscles  of  both  legs  present  such  a  failure  there  is 
an  inflammation  of  the  lumbar  gray  matter.     So,  in  cases  of  cervical  mye- 
litis with  paralysis  of  all  four  limbs,  the  condition  of  irritability  of  the  arm 
muscles  shows  whether  the  disease  involves,  or  is  above,  the  gray  matter  in  the 
lower  half  of  the  cervical  enlargement.     If  there  is  impairment  of  irrita- 
bility, its  extent  in  the  two  arms  will  afford  an  indication  as  to  whether  the 
myelitis  is  total,  or  whether  it  affects  chiefly  certain- spots  in  the  gray  matter, 
(polio-myelitis).     This  distinction  is  aided  in  certain  cases  by  the  degree 
of  paralysis  of  the  legs.     Cervical  cornual  myelitis  may  cause  paralysis  in 
the  legs,  because  the  inflammation,   in  slighter  degree,   involves  also  the 
lateral  white  columns,  but  the  paralysis  of  the  legs  is  usually  incomplete, 
whereas  it  is  complete  if  the  myelitis  is  transverse,  and  sensation  also  may  be 
lost.     The  distinction  of  the  other  varieties  of  myelitis  depends  on  their 
special  symptoms  which  have  been  just  enumerated. 

If  transverse  myelitis  has  been  diagnosed,  the  question  should  always  be 
asked,  Is  it  primary,  or  secondary,  to  compression  ?  We  have  seen  that 
myelitis  may  result,  even  in  acute  form,  from  pressure  of  the  cord.  The 
answer  must  depend  on  the  discovery  of  any  cause  of  compression.  The 
spinal  column  should  in  all  cases  be  most  carefully  examined,  not  merely 
once,  but  again  and  again.  When  the  myelitis  is  developed  there  may  be 
no  sign  of  bone  disease,  and  yet  these  may  appear  in  the  course  of  a  few 
weeks  or  months.  Or  the  myelitis  may  be  preceded  by  slight  symptoms 
indicating  irritation  of  the  membranes.  Myelitis  in  a  cancerous  patient 
should  always  suggest  a  secondary  growth  in  the  spine.  A  woman,  shortly 
after  the  removal  of  a  cancer  from  the  breast,  became  paraplegic.  No  evi- 
dence of  bone  disease  could  at  first  be  found,  but  in  a  few  weeks  the  verte- 
bral column  became  distinctly  enlarged  from  secondary  cancer.  The 
diagnosis  from  spinal  hemorrhage  is  chiefly  by  the  mode  of  onset.  In  hem- 
orrhage the  symptoms  develop  in  a  few  minutes,  and  it  is  only  in  the  cases 
of  hemorrhagic  myelitis  that  any  diagnostic  difficulty  presents  itself.  The 
sudden  paralysis  is  then  commonly  preceded  by  slight  sensory  symptoms, 
tingling,  etc.,  and  sometimes  by  fever.  If  these  are  absent  in  cases  of 
actually  sudden  onset,  we  are  not  justified  in  diagnosing  myelitis. 

Cases  in  which  acute  myelitis  ascends  the  cord,  so  that  the  legs,  muscles  ot 
the  trunk,  and  the  arms  are  successively  paralyzed,  bear  considerable  resem- 
blance to  the  rare  disease  termed  a cute  ascending  paralysis,  or  "Landry's 
paralysis,"  in  which  no  lesion  of  the  cord  is  found  after  death.  There  has 
been  some  confusion  of  the  two  diseases,  as  will  be  mentioned  in  the 
account  of  this  malady.  The  most  important  distinction  is  that  in  such 
ascending  myelitis  there  is  always  much  affection  of  sensation,  and  a  strong 
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tendency  to  trophic  disturbance,  while,  if  the  patient  survives,  many  muscles 
waste  and  present  loss  of  faradaic  irritability.  In  acute  ascending  paralysis, 
on  the  other  hand,  sensation  is  unimpaired  or  is  merely  dulled  on  the 
extremities  of  the  limbs;  bedsores  do  not  form,  and,  if  the  case  is  not  fatal, 
there  is  no  change  in  the  electric  irritability  of  any  muscles. 

In  meningitis  the  symptoms  of  irritation,  severe  pains,  muscular  rigidity, 
etc.,  are  prominent,  while  they  are  absent  in  simple  myelitis,  in  which  also 
the  degree  of  fever  is  usually  less.  But  in  many  cases  the  two  conditions 
coexist,  and  the  predominant  lesion  can  only  be  decided  by  the  order  and 
degree  of  the  development  of  the  symptoms.  In  meningeal  hemorrhage 
there  is  severe  pain  in  the  back,  acute  irritation  of  the  nerve  roots,  and  the 
symptoms  are  of  very  sudden  onset. 

Myelitis  is  far  from  rare  in  patients  of  the  age  and  sex  in' which  hysteria 
especially  prevails,  and  many  cases  are  mistaken  for  hysterical  paraplegia. 
The  converse  error  is  very  rare.  The  mistake  occurs  especially  in  cases  of 
transverse  dorsal  myelitis,  in  which  thereis.no  wasting  of  the  muscles  of  the 
legs.  The  gradual  development  of  considerable  excess  of  myotatic  irrita- 
bility is  a  symptom  of  great  diagnostic  value,  and  when  this  increases  to 
characteristic  extensor  spasm  there  should  be  no  room  for  doubt.  Among 
other  conclusive"  symptoms  of  organic  disease,  a  girdle  pain,  and  inconti- 
nence of  urine  or  faeces,  are  of  especial  value.  Trophic  changes  in  the  skin 
often  sometimes  decide,  even  alone,  the  nature  of  the  case. 

Prognosis. — The  danger  to  life  in  myelitis  depends  upon  the  position  of 
the  disease.  It  is  less  when  the  mischief  is  confined  to  the  dorsal  region, 
greater  when  the  lumbar  enlargement  is  affected,  on  account  of  thegreater 
liability  to  trophic  disturbances,  which  so  often  cause  death.  On  this 
account  the  prognosis  is  worse  in  disseminated  than  in  simple  transverse  mye- 
litis, because  some  of  the  scattered  foci  are  so  often  situated  in  the  lumbar 
enlargement.  The  risk  to  life  is  greatest,  however,  when  the  disease  is  situ- 
ated in  the  cervical  enlargement,  on  account  of  the  danger  of  fatal  inter- 
ference with  the  muscles  of  respiration.  The  prognosis  is  therefore  rendered 
worse  by  indications  of  a  tendency  to  extension,  especially  to  extension 
upward.  The  prospect  of  recovery  of  power  is  influenced  by  the  degree  of 
damage,  as  shown  (i)  by  the  degree  of  the  symptoms,  being  less  when  sen- 
sation is  lost  than  when  there  is  only  motor  paralysis ;  (2)  by  their  vertical 
extent.  Intense  general  disturbance,  high  fever  and  prostration,  render 
worse  both  the  immediate  and  the  ultimate  prognosis.  Bedsores,  if  forming 
early,  within  the  first  month,  are  an  unfavorable  indication  ;  at  a  later 
period  they  have  little  influence  on  the  prognosis.  The  occurrence  of  cys- 
titis, and  especially  of  any  indication  of  secondary  kidney  disease,  in- 
creases very  much  the  gravity  of  the  case.  When  the  acute  stage  is  over, 
and  the  disease  has  become  stationary,  the  prognosis  must  be  influenced  by 
any  indications  of  change  that  can  be  detected.  As  long  as  sensation  as 
well  as  motion  remain  lost,  no  recovery  can  be  anticipated,  but  if  the  sensi- 
bility of  the  skin  has  become  normal,  some  ultimate  recovery  of  motor 
power  may  be  looked  for.     The  development  of  even  an  intensely  spastic 
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state  of  the  legs  does  not  preclude  recovery  of  the  power  of  walking,  indeed 
the  spasm  often  enables  the  patient  to  stand  with  a  slighter  degree  of  volun- 
tary power  than  would  suffice .  if  the  limbs  were  supple.  If  paralysis  has 
remained  absolute  for  about  six  months,  complete  recovery  cannot  be  hoped 
for,  but  some  return  of  power,  sufficient  to  enable  the  patient  to  walk,  may 
occur  after  even  twelve  or  eighteen  months'  absolute  paraplegia. 

The  fact  of  preceding  syphilis  must  be  allowed  very  little  influence  on  the 
prognosis,  provided  confidence  is  felt  that  the  patient  is  suffering  from  a  pri- 
mary myelitis  and  not  from  any  secondary  consequence  of  a  syphilitic  growth. 

Treatment. — If  a  case  comes  under  observation  at  the  earliest  period, 
when  only  slight  sensory  disturbance  and  slight  weakness  of  the  legs  indicate 
the  commencing  process,  the  question  arises  whether  any  treatment  can  avert 
the  further  development  of  the  inflammation.  If  the  symptoms  are  clearly 
due  to  exposure  to  cold,  a  hot  bath,  followed  by  free  diaphoresis,  should  be 
employed,  and  seems  sometimes  efficacious.  If  considerable  paralysis  shows 
that  the  process  of  inflammation  is  fully  developed,  little  can  be  expected 
from  these  measures,  and  it  is  better  not  to  subject  the  patient  to  treatment 
that  is  incompatible  with  perfect  rest.  This,  in  all  cases,  is  of  paramount 
importance.  Both  functional  excitation  of  the  cord  and  movement  of  the 
spinal  column  should  be  avoided.  The  remarks  regarding  posture  made  in 
the  account  of  the  treatment  of  inflammation  of  the  membranes  apply  also 
to  that  of  the  cord  itself;  it  is  most  undesirable  that  the  spine  should  be  the 
lowest  part  of  the  body,  and  it  is  rather  less  difficult  to  keep  the  patient  off 
the  back  in  myelitis  than  in  meningitis.  If  there  is  any  reason  to  suspect 
hemorrhage,  or  if  there  are  indications  of  rapid  extension  of  the  inflamma- 
tion, the  prone  position  should  be  adopted  for  a  time,  if  possible. 

The  removal  of  blood  from  the  skin  of  the  back  over  the  affected  region, 
by  leeching  or  wet  cupping,  is  an  old  measure,  which  finds  some  theoretical 
justification  in  the  fact  that  the  blood  from  the  structures  behind  the  spine 
passes  into  the  same  venous  plexuses  as  the  blood  from  the  spinal  cord  itself. 
Hence  this  measure  may  conceivably  have  some  influence  on  the  circulation 
in  the  cord.  If  the  patient's  strength  is  not  such  as  to  render  the  abstrac- 
tion of  blood  desirable,  dry  cupping  may  be  employed,  or  the  vessels  of  the 
skin  may  be  dilated  by  hot  fomentations,  or  a  mustard  plaster,  or  hot-water 
bags.  By  stimulating  the  cutaneous  nerves,  these  agents  may  also  influence, 
in  a  reflex  manner,  the  vessels  of  the  cord.  The  application  of  cold  to  the 
spine,  as  by  a  spinal  ice  bag,  has  also  been  recommended.  Contrary  as 
these  therapeutic  agents  seem,  it  is  probable  that  each  moderates  local 
inflammation  in  the  same  manner,  by  causing  first  contraction  and  then  dila- 
tation of  the  vessels  of  the  inflamed  part,  and  so  lessening  the  tendency  to 
stasis  of  the  blood,  on  which  some  effects  of  inflammation  depend.  Unless 
there  is  reason  to  suspect  hemorrhage,  the  application  of  warmth  seems  the 
safer  of  the  two.  At  the  very  onset  of  inflammation  mild  counter-irritation 
is  unquestionably  useful,  and  even  a  blister  may  be  employed,  but  when  the 
process  has  reached  a  considerable  degree,  it  is  very  doubtful  whether  coun- 
ter-irritation has  much  influence  until  the  acute  stage  is  over. 
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In  other  respects  the  treatment  of  acute  inflammation  of  the  cord  must 
be  guided  rather  by  the  nature  of  the  process  than  by  the  character  of  the 
organ  in  which  it  occurs.  A  nutritious  but  unstimulating  diet,  aperients, 
and  diuretics,  are  desirable  in  all  cases.  It  is  extremely  difficult  to  ascertain 
the  influence  of  the  drugs  which  are  supposed  to  exert  a  special  influence  on 
the  inflammation.  Ergot  was  recommended  by  Brown-S6quard  chiefly  on 
theoretical  grounds,  and  has  been  extensively  employed.  In  rare  cases  it 
has  seemed  to  do  good.  In  cases  of  hemorrhagic  myelitis  it  may  reasonably 
be  given  with  greater  confidence,  or  ergotin  (3  to  5  gr.)  may  be  injected 
beneath  the  skin.  Belladonna  has  also  been  recommended,  but  its  influence 
is  doubtful.  Mercury  has  been  largely  enployed,  given  by  the  mouth  and 
by  inunction.  The  influence  of  mercury  on  the  inflammation  of  internal 
organs  doe,s  not  seem  so  great  as  upon  the  inflammation  of  fibrous  tissues 
and  the  structures  that  invest  organs.  Certainly  in  myelitis  its  effect  is  less 
distinct  than  it  is  in  many  cases  of  meningitis.  Iodide  of  potassium  seems 
to  be  even  less  efficacious  than  mercury.  In  cases  of  myelitis  occurring  in 
syphilitic  subjects  the  treatment  for  syphilis  seems  to  have  but  little  influence 
on  the  morbid  process.  It  is  true  that  such  treatment  is  rarely  adopted  at 
the  very  onset  of  acute  myelitis,  but  after  the  disease  is  developed  energetic 
treatment  does  not  seem  to  modify  the  subsequent  course  of  the  disease. 
This  is  true,  also,  of  the  subacute  disseminated  myelitis  which  often  occurs  in 
the  subjects  of  syphilis.  I  have  known  this  form,  concurring  with  syphilitic 
disease  of  the  cerebral  arteries,  to  develop  and  run  its  course  to  a  fatal  ter- 
mination in  spite  of  continuous  antisyphilitic  treatment.  It  has  already 
been  pointed  out  that  no  form  of  acute  myelitis  in  syphilitic  subjects  pre- 
sents any  special  histological  characters.  Whatever  be  the  relation  of 
non-specific  morbid  processes  to  syphilis,  the  influence  of  antisyphilitic 
treatment  seems  to  be  for  the  most  part  confined  to  lesions  which  present  a 
specific  character.  Hence,  in  cases  of  myelitis  in  syphilitic  subjects,  while 
it  may  be  desirable  to  treat  the  patient  in  accordance  with  the  constitutional 
state,  much  effect  on  the  morbid  process  must  not  be  anticipated  from  the 
special  treatment.  The  conclusion  is  that,  as  stated  at  the  onset,  in  acute 
myelitis  our  chief  reliance  must  be  on  the  general  measures  suggested  by  the 
process  of  inflammation  rather  than  on  special  agents.  At  the  same  time  it 
may  be  thought  well  to  use  the  latter  in  order  to  employ  all  possible  means 
which  afford  even  a  chance  of  lessening  a  process,  the  most  trifling  diminu- 
tion in  which  may  have  a  profound  influence  on  the  ultimate  condition  of 
the  patient. 

In  the  general  management  of  a  case  of  myelitis,  two  points  are  of 
extreme  importance.  One  is  to  avoid,  by  extreme  cleanliness  and  care,  the 
exciting  causes  of  bedsores.  The  skin  should  be  most  carefully  watched, 
and  any  indication  of  deleterious  pressure  met  by  a  change  of  position  or  an 
alteration  of  the  mode  of  supporting  the  part.  Cotton  wool  is  very  useful 
for  this  purpose.  If  there  is  a  marked  tendency  to  trophic  changes  the 
patient  should  be  placed  on  a  water  bed.  When  there  is  incontinence  of 
urine,  the  difficulty  of  avoiding  irritation  of  the  skin  is  greatly  increased. 
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For  males,  a  bed  urinal  is  sometimes  useful,  but  often  it  causes  irritation  and 
sloughing  of  the  prepuce,  and  then  does  more  harm  than  good.  A  quantity 
of  boracic  absorbed  cotton  wool,  changed  as  often  as  it  becomes  saturated, 
is  one  of  the  best  means  of  meeting  this  difficulty.  It  must  be  remembered 
that  the  prevention  of  bedsores  is  the  prevention  of  one  common  cause  of 
death.  Should  offensive  sores  unfortunately  form,  a  quantity  of  picked 
oakum,  placed  outside  the  immediate  dressing,  is  a  cheap  and  most  effective 
means  of  preserving  the  air  of  the  room  from  the  fcetor  of  the  sores,  and  there- 
fore of  increasing  the  comfort  and  well-being  of  the  patient  and  his  attend- 
ants. The  second  point  in  management  is  the  treatment  of  retention  of 
urine.  If  there  is  either  simple  retention  or  overflow  incontinence,  the 
bladder  must  be  regularly  emptied  by  the  catheter  and  great  care  exercised 
to  prevent  the  introduction  of  contaminating  germs.  If  the  bladder  is  left 
full  and  the  urine  allowed  to  dribble  away,  inflammation  is  sure  to  be  set  up, 
and  probably  also  pyelo-nephritis.  If  cystitis  occurs,  antiseptic  washes  must 
be  used  to  lessen,  as  far  as  possible,  the  decomposition  of  the  urine. 

When  the  disease  of  the  cord  has  become  stationary,  the  patient  may  be 
allowed  to  move  and  a  more  tonic  treatment  may  be  adopted.  Iron,  quinine, 
or  arsenic  may  be  given.  Strychnia  must  be  given  only  in  very  small  doses 
if  there  is  any  excess  of  reflex  action.  Occasional  counter-irritation  may  be 
employed,  and  frequently  if  any  improvement  seems  to  result.  The  limbs 
may  be  rubbed,  and  any  muscular  wasting  treated  with  electricity.  It  is  not 
desirable  to  use  electricity  as  a  therapeutic  agent  while  the  cord  disease  is  in 
an  acutely  active  stage.  There  is  no  evidence  that  the  application  of  elec- 
tricity to  the  spinal  column  has  any  influence  on  the  process  of  recovery  of 
the  cord.  Its  chief  value  is  to  maintain,  as  far  as  possible,  the  nutrition  of 
any  muscles  of  which  the  nerves  have  undergone  degeneration.  In  cases  of 
dorsal  myelitis,  in  which  the  legs  are  well  nourished,  and  the  reflex  action  is 
excessive,  it  is  better  not  to  apply  any  form  of  electricity.  The  unavoidable 
stimulation  of  the  sensory  nerves  tends  to  increase  the  reflex  over-action. 
Careful  attention  should,  in  all  cases,  be  paid  to  the  position  of  the  limbs, 
during  the  stage  of  helplesssness,  so  as  to  avoid  as  far  as  possible  the  develop- 
ment of  contractions.  For  the  condition  of  active  spasm  which  often 
develops  after  severe  myelitis,  not  much  can  be  done ;  such  special  treatment 
as  can  be  adopted  is  described  in  the  chapter  on  ' '  Primary  Spastic  Paraplegia. ' ' 

ABSCESS  OF  THE  SPINAL  CORD. 
Simple  inflammation  of  the  spinal  cord  scarcely  ever  goes  on  to  the  for- 
mation of  pus.  In  polio-myelitis,  leucocytes  may  accumulate  at  certain 
points  of  the  gray  matter  so  densely  as  to  constitute  microscopic  collections 
of  pus.  In  very  rare  cases  of  this  kind  such  minute  abscesses  have  been 
sufficiently  large  to  be  visible  to  the  naked  eye.  Pus  only  forms  in  the  sub- 
stance of  the  cord  in  considerable  quantity  in  cases  of  purulent  meningitis. 
In  most  instances  the  purulent  meningitis  has  been  of  septic  origin,  rarely 
traumatic.  In  the  former  case,  suppuration  within  the  brain  may  coincide 
with  that  in  the  spinal  cord.     The  latter  may  be  very  extensive.    The  symp- 
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toms  are  those  of  an  acute  irritative  spinal  lesion,  but  they  are  often  lost  in 
those  of  the  purulent  meningitis  which  precedes  the  disease  of  the  cord  itself. 
In  the  diagnosis  of  the  condition,  the  presence  of  a  cause  of  septic  suppu- 
ration is  the  most  important  element  in  the  determination  of  the  nature  of 
the  acute  spinal  symptoms.  A  good  example  of  the  disease  is  a  case  recorded 
by  Nothnagel.  A  patient  suffering  from  cough  and  most  offensive  expecto- 
ration was  suddenly  seized  with  severe  pains  on  both'  sides  of  the  abdomen, 
attended  by  a  sense  of  constriction,  and  quickly  followed  by  paralysis  of  the 
bladder  and  of  the  legs,  with  loss  of  sensation  and  of  reflex  action.  An 
abscess  of  the  cord  was  diagnosed.  After  death  there  was  extensive  purulent 
spinal  meningitis,  and  the  dorsal  and  lumbar  cord  contained  an  extensive 
collection  of  gangrenous  offensive  pus,  which  seemed  to  occupy  the  central 
part  of  the  cord,  from  the  cervical  enlargement  downward.  Some  abscesses 
were  found  also  in  the  white  substance  of  the  brain. 

EMBOLISM  OF  THE  SPINAL  CORD. 
The  occurrence  of  embolism  in  the  spinal  cord  has  not  yet  been  proved, 
but  a  few  cases  have  been  recorded  which  suggest  the  possibility  that  the 
process  has  been  the  exciting  cause  of  an  acute  myelitis  in  very  rare  instances. 
In  a  young  man  with  mitral  regurgitation,  considerable  weakness  of  the  right 
leg  came  on  suddenly,  with  transient  spasm.  The  onset  idicated  an  acute 
lesion  in  the  cord,  which  might  well  have  been  the  embolic  obstruction  of  a 
small  vessel.  In  a  case  recorded  by  Weiss,  a  boy,  aged  sixteen,  with  chronic 
mitral  disease,  was  suddenly  seized  with  complete  paraplegia,  followed  by 
bedsores,  etc.  He  died  four  months  after  the  onset,  and  the  lumbar  enlarge- 
ment was  found  completely  softened,  with  old  coagula  in  the  arteries.  There 
was  embolism  of  the  kidneys  and  spleen,  and  the  cortex  of  each  cerebral  hemi- 
sphere presented  small  foci  of  softening.  Such  cases  justify  a  suspicion  that 
embolism  may  be  the  cause  of  a  sudden  lession  of  the  cord  in  a  patient  in  whom 
a  source  of  embolism  exists  and  the  process  has  occurred  in  other  organs. 

CHRONIC  MYELITIS. 
The  spinal  cord  is  occasionally  the  seat  of  chronic  inflammation,  which 
develops  slowly  in  the  course  of  a  few  or  many  months.  The  lesions,  which 
can  be  regarded  with  most  accuracy  as  of  this  nature,  resemble  acute  mye- 
litis in  seat  and  distribution,  and  intermediate  cases  connect  them  with  the 
analogous  subacute  forms.  They  differ  from  acute  inflammation  both  in  the 
longer  time  occupied  in  their  development,  and  in  the  absence  of  the  con- 
siderable vascular  disturbance  which  forms  part  of  the  acute  process.  Such 
chronic  myelitis  may  be  focal,  disseminated,  or  diffuse.  In  the  former  case 
it  may  involve  the  whole  thickness  of.  the  cord  at  a  certain  level,  chronic 
transverse  myelitis,  or  only  part  of  it,  sometimes  one-half,  occasionally  for  a 
considerable  vertical  extent.  The  chronic  disseminated  myelitis  may  resemble 
the  corresponding  subacute  form  in  distribution,  many  points  of  inflamma- 
tion being  scattered  through  a  certain  region  of  the  cord,  or  it  may  affect 
almost  all  parts  of  the  cord,  and  then  ultimately  become  diffuse  by  the  union 
of  the  areas  of  disease. 
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The  term  "chronic  myelitis"  has,  however,  been  used  in  a  much  wider 
sense  than  that  here  indicated.  There  has  been  a  tendency  in  recent  path- 
ology to  extend  the  conception  of  inflammation  so  as  to  include  all  morbid 
processes  which  do  not  consist  in  an  actual  new  growth.  The  extension  is 
chiefly  based  on  the  difficulty  of  drawing  a  dividing  line  between  inflamma- 
tion and  other  processes.  But  it  is  often  useful  and  even  necessary  to  dis- 
tinguish where  we  cannot  divide,  and  it  may  be  doubted  whether  any 
clearer  conception  of  pathological  processes  has  been  obtained  by  a  general- 
ization which  is  hardly  more  than  the  forced  extension  of  an  elastic  name. 
The  application  of  this  method  to  the  spinal  cord  has  caused  the  term 
"  chronic  myelitis  "  to  be  applied  to  all  chronic  diseases  other  than  tumors. 
Thus  the  chronic  lesions  that  are  limited  to  certain  structures  of  common 
function,  and  probably  begin  by  an  atrophy  of  the  nerve  elements  ("  system 
diseases  "),  have  been  described  as  "chronic  parenchymatous  myelitis" 
(Hallopeau  and  others).  Such  processes  have  so  little  in  common  with  the 
forms  of  chronic  inflammation  above  mentioned  that  it  is  more  convenient 
to  follow  the  example  of  those  who  consider  them  separately,  as  a  class  of 
"degenerative  diseases,"  in  spite  of  the  fact  that,  in  rare  cases,  the  morbid 
process  may  develop  with  some  rapidity,  and  indications  of  a  secondary 
inflammation  may  sometimes  be  discovered.  For  practical  purposes,  it  is  best 
to  base  our  distinctions  on  the  salient  differences  of  general  character  and 
course.  We  are  not  therefore  precluded  from  recognizing  the  points  of  con- 
tact between  the  various  groups  of  diseases,  or  the  presence  of  common  ele- 
ments in  those  that  are,  in  the  main,  dissimilar.  Hence  we  will  restrict  the 
term  "chronic  myelitis"  to  the  processes  already  indicated  as  those  to 
which  it  is  strictly  applicable. 

The  irregular  distribution  of  the  lesion  in  "disseminated"  or  "insular 
sclerosis  ' '  may  seem  a  special  justification  for  including  it,  as  many  have 
done,  under  "chronic  myelitis,"  but  ir  presents  so  many  peculiarities  that 
it  also  is  most  conveniently  described  apart. 

Etiology. — In  the  causation  of  chronic  myelitis  an  inherited  neuropathic 
tendency  can  sometimes,  although  rarefy,  be  traced.  The  disease  is  most 
common  in  the  male  sex  and  in  early  and  middle  adult  life,  but  it  occurs 
occasionally  in  old  age.  Many  cases  are  met  with  in  the  subjects  of  consti- 
tutional syphilis,  so  that  a  causal  influence  of  syphilis  is  highly  probable. 
In  most  instances  the  primary  syphilis  was  contracted  many  years  before  the 
myelitis  came  on.  Various  conditions  which  lessen  constitutional  strength 
predispose  to  the  disease.  The  exciting  causes  of  acute  myelitis  seem  also 
capable  of  giving  rise  to  the  chronic  form,  usually  when  acting  for  a  con- 
siderable time,  or  frequently  repeated.  Thus,  while  a  single  intense  exposure 
to  cold  may  produce  acute  myelitis,  frequent  habitual  exposure  may  cause 
the  chronic  form.  Repeated  over-exertion  has  also  seemed  effective  in  some 
cases.  Sexual  excess  has  been  thought  to  be  a  cause,  but  on  less  clear  evi- 
dence. Chronic  alcoholism  certainly  sometimes  excites  chronic  myelitis, 
usually  in  association  with  chronic  meningitis  ;  the  inflammation  that  results 
from  this  cause  is  often  more  rapid  in  onset  than  most  other  forms,  and  some- 
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times  deserves  the  name  subacute  rather  than  chronic.  Lead  poisoning  is 
said  to  be  also  an  occasional  cause.  Chronic  myelitis  may  be  secondary 
to  other  processes,  as,  for  instance,  to  chronic  meningitis.  The  inflamma- 
tion that  results  from  pressure  on  the  cord  may  be  chronic  as  well  as  acute. 
Lastly,  acute  inflammation  may  pass  into  a  chronic  stage,  in  which  the 
damage  to  the  cord  not  only  persists  but  slowly  increases. 

Pathological  Anatomy. — The  morbid  appearances  vary  much  in  the 
different  forms.  In  most  cases  the  disease  is  visible  to  the  naked  eye  by  a 
gray  discoloration  of  the  white  substance,  from  which  the  gray  matter  may 
be  indistinguishable.  The  tint  may  be  visible  on  the  surface,  even  through 
the  pia  mater,  which  may  be  thickened  at  the  spot.  The  consistence  of  the 
affected  area  may  be  lessened  or  increased  ;  when  diminished,  small  cavities 


Fig.  94. 


Fig.  95. 


Chronic  myelitis.  {After  Charcot  and  Gom- 
bault.)  B,  section  at  the  level  of  the  third 
dorsal,  shows  both  the  posterior  columns  and 
whole  of  left  half  inflamed,  except  the  inner 
part  of  the  anterior  column.  The  affected  part 
was  gray  and  uniform  in  aspect,  vascular,  and 
firmer  than  normal.  Pia  mater  and  arachnoid 
thickened.  _  A,  section  from  cervical  enlarge- 
ment, showing  secondary  degeneration  in  the 
post.  med.  columns.  Similar  foci  existed  in  the 
pons,  etc.* 


Chronic  sclerotic  myelitis.  {After  Troisier.) 
A,  posterior  view  of  the  affected  part,  lower 
dorsal  region.  The  diseased  areas  were  gray 
in  aspect  and  are  indicated  by  shading.  B, 
middle  of  lesion,  showing  extensive  damage ; 
C,  2%  cm.  higher  up,  slighter  damage ;  D, 
cervical  region  ascending  degeneration,  post, 
med.  cols.,  and  a  spot  of  disease  in  lateral  col- 
umn (probably  part  of  the  ascending  ant.-lat. 
tract,  secondarily  degenerated).  E,  lower  part 
of  lesion.    {See  next  figure.)^ 


sometimes  exist  in  it.     Rarely  there  is  a  slight  increase  in  the  size  of  the 
affected  part.    In  some  recorded  cases  in  which  there  was  a  great  increase  in 


*The  patient  had  had  syphilis  twenty-one  years  before.  The  spinal  symptoms  slowly 
developed  during  fifteen  months  and  consisted  in  paralysis  with  hyperesthesia  on  the  left 
side,  with  loss  of  sensibility  without  paralysis  in  the  right,  and  a  band  of  anaesthesia  to  pain 
around  the  thorax  at  the  level  of  the  lesion,  but  the  mental  dullness  of  the  patient  prevented 
accurate  observation  during  the  last  few  months  of  her  life.  (Charcot  and  Gombault,  Arch, 
de  Phys.,  1873,  vol.  v,  p.  143.) 

f  The  patient  was  a  woman  forty  years  of  age.  The  symptoms  slowly  developed  during 
the  three  years  before  death,  and  consisted  of  weakness  with  rigidity  in  the  left  leg,  and 
impaired  sensibility  in  the  right,  first  of  the  temperature  sense  and  afterward  of  touch.  No 
observations  were  made  on  sensibility  during  the  last  fifteen  months  of  the  patient's  life,  dur- 
ing which  the  lesion  was  slowly  progressing.  (Troisier,  Arch,  de  Physiologie,  1873,  vol.  v, 
p.  716,  Case  2.) 
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size,  it  is  probable  that  an  infiltrating  glioma  has  been  mistaken  for  chronic 
inflammation.  In  many  cases,  especially  when  the  affected  part  is  indurated, 
it  is  also  shrunken,  and  the  shape  of  the  cord  may  be  changed,  as  in  Fig.  95, 
B,  in  which  almost  the  whole  of  one-half  of  the  cord  is  intensely  damaged. 
When  there  is  one  considerable  focus  of  disease  there  are  often  other  slighter 
foci  in  the  neighborhood.  In  what  is  called  the  diffuse  form,  areas  of  dis- 
ease may  be  scattered  through  almost  the  whole  extent  of  the  cord.  It 
begins  at  many  separate  places,  and  so  is,  strictly  speaking,  disseminated, 
but  the  areas  of  inflammation  may  blend,  so  that,  in  the  ultimate  distribu- 
tion, it  is  a  diffuse  inflammation.  In  the  secondary  form,  the  inflammation 
is  usually  confined  to  the  neighborhood  of  the  morbid  process  which  causes 
it.     That  which  is  secondary  to  meningitis  is  most  intense  in  the  peripheral 

Fig.  96. 


-  Chronic  sclerotic  myelitis,  same  case  as  Fig.  95 ;  section  near  B,  reversed.  Almost  the  whole  left  halt 
of  the  cord  (right  in  the  figure)  is  changed  into  a  dense  mass  of  shrunken  connective  tissue,  and  the 
right  half  is  being  invaded  in  many  parts  by  the  same  process.  The  upper  small  figure  is  from  the 
posterior  column,  showing  a  thickened  vessel  surrounded  by  nucleated  tissue,  among  which  lie 
nerve  fibres,  many  of  them  much  smaller  than  normal  and  some  with  swollen  axis  cylinders.  The 
lower  small  figure  is  from  the  right  anterior  column  (left  in  fig.),  the  pia  mater  is  thickened  and 
contains  many  nuclear  elements ;  from  it  thick  trabecular  extend  into  the  white  substance  and 
enclose  spaces,  from  many  of  which  the  nerve  fibres  have  perished.* 


part  of  the  cord,  sometimes,  however,  extending  deeply,  especially  when  the 
cause  of  the  meningitis  is  one,  such  as  afcoholism,  capable  also  of  giving  rise 
to  myelitis.  In  this  condition  almost  the  whole  thickness  of  the  cord  may 
be  involved  (cf.  a  and  b,  Fig.  97).  Now  and  then,  when  there  is  no 
primary  meningitis,  the  superficial  layers  of  the  cord  are  chiefly  damaged,  a 
form  that  has  been  termed  chronic  annular  myelitis  or  annular  sclerosis  because 
the  inflammation  extends  like  a  ring  around  the  cord. 

The  microscope  shows  that  the  inflammation  is  essentially  interstitial.  The 
affected  areas  stain  deeply  with  carmine  in  consequence  of  the  increase  in 
the  connective  tissue.     The  parts  most  altered  may  be  occupied  by  a  dense 

*  From  a  section  by  Prof.  Pierret,  kindly  lent  me  by  Dr.  Dreschfeld. 
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ibrous  reticulum,  in  which  few  nerve  elements  can  be  discovered,  as  in  Fig. 
16.  In  less  affected  parts  of  the  white  columns  there  is  an  irregular  increase 
if  the  interstitial  tissue,  which  has  in  part  a  fibrillated  aspect,  in  part  the 
.ppearance  of  an  amorphous  substance,  studded  with  nuclei  (Fig.  96,  upper 
mall  figure),  while  in  other  parts  there  may  be  many  nucleated  cells,  oval, 
usiform,  or  stellate.     The  large  stellate  "spider  cells"  are  sometimes  very 


Fig.  97. 


Chronic  meningo-myelitis,  due  to  alcoholism.     Syringo-myelia.     A, 
lowest  part  of  cervical  enlargement ;  pia  mater  thickened,  and  from 
it  tracts  of  tissue  extend  into  the  cord.    The  greater  part  of  the  sec- 
tion is  the  seat  of  a  diffuse  myelitis,  in  which  the  nerve  fibres  could 
,  be  seen  with  difficulty,  and  were  separated  by  inflammatory  products. 

The  gray  matter  was  also  affected,  and  the  nerve  cells  much  changed. 
The  clear  spaces  in  the  right  ant.  cornu  appeared  occupied  by  pro- 
ducts of  degeneration.  Central  canal  greatly  dilated  and  surrounded 
by  new  growth,  which  in  B  (lumbar  section)  has  obliterated  the  canal 
and  thus  caused  its  dilatation  above.  In  this  section  the  myelitis  is 
chiefly  peripheral  and  the  gray  matter  has,  for  the  most  part, 
escaped. 

onspicuous.  The  nerve  fibres  waste  before  the  interstitial  process.  Some- 
imes  they  at  first  undergo  the  change  mentioned  in  the  account  of  acute 
lyelitis,  by  which  the  myelin  stains  more  deeply  than  normal ;  afterward 
le  white  substance  becomes  narrowed,  and  the  axis  cylinder  irregularly 
frollen,  and  ultimately  many  or  all  the  fibres  disappear  from  the  affected 
rea.     Here  and  there  the  destruction  of  fibres  may  be  out  of  proportion  to 
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the  interstitial  growth,  so  that  thickened  and  granular  trabecular  enclose 
empty  spaces.  This  is  seen  in  the  lower  small  illustration  in  Fig.  96,  which 
also  shows  the  thickening  of  the  pia  mater  over  the  affected  area.  In  the 
recent  state,  products  of  degeneration,  granule  corpuscles,  etc.,  may  be 
found  abundantly  near  the  altered  regions.  The  walls  of  the  vessels  are 
thickened,  and  sometimes  the  lumen  of  small  arteries  may  be  obliterated. 
Around  the  arteries  the  increase  of  interstitial  tissue  is  often  more  intense, 
and  it  seems  to  spread  thence  into  the  adjacent  structures.  Undue  signifi- 
cance has  been  attached  to  this  condition  in  old  patients  with  arterial  degene- 
ration ;  it  has  been  regarded  as  evidence  that  arterial  disease  sets  up  the 
myelitis  (Demange),  but  it  is  a  common  appearance  in  all  forms  of  chronic 
myelitis  and  also  in  the  later  stages  of  acute  inflammation.  In  the  gray  sub- 
stance there  is  a  similar  increase  of  connective-tissue  elements,  so  that  the 
altered  part  takes  a  deeper  stain  with  carmine  than  the  normal  gray  sub- 
stance. The  nerve  elements  become  atrophied,  the  ganglion  cells,  at  first 
swollen  and  globular,  afterward  shrink,  until  ultimately  they  may  be  reduced 
to  small  angular  bodies,  and  they  even  may  disappear.  The  nuclear  cor- 
puscles about  the  central  canal  are  often  increased  in  quantity,  and  the  canal 
obliterated,  but  this  condition  is  so  common  in  otherwise  normal  cords,  that 
no  importance  can  be  attached  to  it.  A  considerable  increase  of  tissue 
about  the  central  canal,  closing  it  below  and  causing  it  to  be  dilated  above 
(Fig.  97),  "  syringo-myelia,"  has  been  ascribed  to  chronic  inflammation 
around  the  canal,  but  the  new  tissue  is  probably  of  the  nature  of  a  growth, 
and  it  is  doubtful  whether  the  condition  results  from  simple  inflammation. 

In  chronic  meningo-myelitis  (Fig.  97)  the  pia  mater  is  greatly  thickened, 
and  dense  tracts  of  tissue  may  pass  from  it  into  the  superficial  layers  of  white 
substance.  From  these  a  slighter  interstitial  overgrowth  extends  in  various 
directions.  As  already  mentioned,  this  change  may  be  accompanied  by  a 
deeper  and  sometimes  by  a  more  diffuse  inflammation,  as  in  a,  Fig.  97,  in 
which  the  affection  of  the  cord  is  greater  and  that  of  the  membranes  less 
than  in  b.  The  chronic  myelitis  that  occurs  in  syphilitic  subjects  may  pre- 
sent no  specific  characters.  In  some  cases,  however,  the  cell  formation  has 
been  abundant  and  has  been  associated  with  a  tendency  to  fatty  degenera- 
tion in  the  older  portions  of  the  lesion.  The  condition  is,  however,  clearly 
one  of  chronic  inflammation,  and  not  of  a  syphilitic  growth.* 

The  less  chronic  the  inflammation,  the  larger  is  the  proportion  of  cells 
and  nuclei  in  the  interstitial  tissue  j  the  more  chronic,  the  greater  the  fibril- 
lation it  presents,  and  the  firmer  the  consistence  of  the  altered  part.  The 
very  chronic  indurating  forms  are  sometimes  called  "sclerotic  myelitis,"  or 
"focal  sclerosis  of  the  cord."  From  the  various  areas  of  inflammation 
secondary  degenerations  proceed,  ascending  or  descending,  and  these  may 
complicate  the  aspect  of  the  disease  at  higher  or  lower  levels. 

Symptoms. — The  symptoms  of  chronic  myelitis  vary  much  according  to 

*See  Moxon,  Guy''  Hosp.  Reports,  187 1,  and  Charcot  and  Gombault,  Arch,  de  Physi- 
ologic, 1873. 
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the  character  of  the  morbid  process.  Different  cases  may  manifest  almost 
every  symptom  that  can  be  produced  by  disease  of  the  spinal  cord,  acute 
spasm  alone  excepted.  Severe  pain,  however,  is  not  common.  There  may 
be  various  motor  and  sensory  paralyses,  contractures,  and  even  muscular 
atrophy.  The  common  feature  of  all  cases  is  the  slow,  gradual,  and  often 
successive  development  of  the  symptoms.  In  one  of  the  most  common 
forms,  focal  myelitis  of  the  dorsal  region,  partial  or  transverse,  the  symp- 
toms are  paraplegic.  They  are  the  same  if  there  is  a  single  area  of  disease 
or  if  several  foci  develop  near  together.  Motor  power  is  usually  impaired 
far  more  than  sensibility.  Subjective  sensations  are  often  prominent  and 
early  symptoms,  whether  there  is  anaesthesia  or  not, — tingling,  "  pins  and 
needles  "  in  the  legs,  a  sensation  as  if  fur  or  wool  covered  the  skin,  some- 
times with  dull  pain  in  the  legs  and  back,  especially  after  exertion,  and  com- 
monly also  a  well-marked  girdle  pain  at  the  level  of  the  lesion.  The  onset 
of  the  motor  weakness  is  very  gradual ;  the  patient  gets  tired  sooner  than 
before,  and  actual  weakness  gradually  forces  itself  on  the  patient's  notice. 
Months,  sometimes  years,  pass  before  the  power  of  walking  is  considerably 
impaired.  As  the  legs  get  weak,  excess  of  reflex  action  usually  develops, 
with  the  myotatic  excess  that  indicates  a  descending  degeneration  of  the 
motor  fibres.  The  knee  jerk  becomes  increased  and  a  foot  clonus  can  not 
only  be  obtained,  but  occurs  from  time  to  time  when  the  legs  are  in  certain 
positions,  and  a  tendency  to  spasm  gradually  develops.  The  sphincters 
usually,  but  not  always,  share  the  impairment  of  voluntary  power.  Sensa- 
tion may  be  unaffected,  but  more  often  some  loss  is  found,  by  a  careful 
examination,  to  touchy  or  pain,  or  temperature,  and  sometimes  the  impair- 
ment is  considerable  in  degree.  When  there  are  several  foci  of  disease, 
some  functions  may  be  much  more  impaired  than  others.  Thus  the  usual 
rule  may  be  reversed,  and  sensibility  may  be  more  affected  than  motion. 
The  symptoms  may  come  on  simultaneously  in  the  two  legs,  or  one  may  be 
affected  before  the  other,  and  occasionally  the  paralysis  reaches  a  high 
degree  in  one  leg  while  the  other  still  possesses  fair  strength.  This  is  the 
case  when  one-half  of  the  cord  is  affected  in  considerable  degree,  as  in  the 
lesion  shown  in  Fig.  96.  There  may  then  even  be  a  crossed  paralysis  of 
motion  and  sensation.  ■ 

If  chronic  myelitis  develops  in  the  cervical  and  lumber  enlargement,  the 
symptoms  are  often  very  irregular  in  distribution,  and  muscular  wasting  is 
usually  added  to  the  other  symptoms.  This  occurs  in  the  widespread,  diffuse 
form.  In  this,  irregular  muscular  wasting  may  be  the  most  prominent  symp- 
tom, but  it  is  always  combined  with  other  symptoms,  palsy  and  anaesthesia, 
also  irregular  in  extent  and  seat.  The  muscular  atrophy  may  be  attended 
by  a  slow  failure  of  electrical  irritability  to  both  currents,  but  often  some 
voltaic  irritability  in  the  muscular  fibres  persists  longer  than  the  faradaic 
irritability  of  the  nerve  fibres,  and  sometimes  there  is  a  well-marked  degen- 
erative reaction.  The  symptoms  may  commence  in  the  arms  or  in  the  legs, 
but  they  ultimately  become  general  in  most  cases,  and,  according  to  the 
place  of  their  commencement,  may  seem  to  have  an  ascending  or  descend- 
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ing  course.  The  cases  were  described  by  Duchenne  under  the  name  of 
"general  spinal  paralysis."  In  rare  cases  of  this  character,  in  which  the 
disease  is  limited  to  the  white  substance  of  the  cord,  there  may  be  little  or 
no  muscular  wasting,  but  extensive  paralysis  and  contracture,  with  increased 
myotatic  irritability.  Occasionally  the  disease  begins  in  the  dorsal  region, 
and  after  a  time,  perhaps  years,  it  spreads  to  the  enlargements. 

The  course  of  chronic  myelitis  is  usually  slow  and  progressive.  The  symp- 
toms often  increase  very  gradually,  and  may  only  attain  a  considerable 
degree  at  the  end  of  two  or  three  years.  At  any  stage  the  progress  of  the  dis- 
ease may  undergo  arrest.  The  chronic  course  may  be  varied  by  occasional 
more  rapid  increase  of  the  symptoms,  due  to  subacute  or  even  acute  pro- 
cesses in  the  diseased  part.  Every  degree  of  chronicity  is  met  with,  and 
subchronic  cases,  in  which  the  symptoms  develop  in  the  course  of  a  few 
months,  effect  a  gradation  to  the  acute  and  subacute  forms  of  myelitis.  The 
duration  of  the  disease  varies  from  six  months  to  twenty  years  or  more. 
Thus  in  one  case  the  symptoms  slowly  increased  during  about  seven  years, 
and  then  became  stationary,  and  the  patient  died  twenty-three  years  after 
the  onset. 

Diagnosis. — The  diagnosis  of  chronic  myelitis  rests  on  the  slow  develop- 
ment of  symptoms  indicating  a  random  process  in  the  spinal  cord,  i.e.,  a  pro- 
cess which  damages  irregularly  structures  of  various  functions,  and  thus  can- 
not«be  looked  on  as  a  "system  disease."  The  maladies  from  which  chronic 
myelitis  has  to  be  distinguished  differ  according  to  the  seat  and  character  of 
the  inflammation.  Dorsal  transverse  or  focal  myelitis  may  be  confounded 
with  compression  of  the  cord  and  with  primary  spastic  paraplegia.  The 
distinction  from  compression  rests  on  the  absence  of  a  cause  of  compression, 
such  as  bone  disease,  and  the  absence,  also,  of  the  signs  of  a  morbid  process 
outside  the  cord,  preceding  those  of  damage  to  the  cord  itself.  Such  signs 
are  chiefly  the  irritation  of  nerve  roots ;  in  myelitis  such  irritation  is  never 
intense  and  is  often  absent,  whereas  it  is  usually  a  prominent  symptom  in  all 
cases  of  compression.  A  tumor  within  the  spinal  cord  also  causes,  in  most 
cases,  more  irritation  of  the  nerve  roots  than  does  chronic  myelitis.  If  mye- 
litis involves  one-half  of  the  cord  much  more  than  the  other,  the  symptoms 
may  closely  resemble  those  of  an  intra-medullary  growth.  But  a  tumor 
never  causes  considerable  damage  to  one-half  of  the  cord  without  interfer- 
ing considerably  with  the  functions  of  the  other  half,  and  the  symptoms  in 
chronic  myelitis  may  be  strictly  unilateral.  The  distinction  from  primary 
spastic  paraplegia,  the  so-called  "primary  lateral  sclerosis,"  is  often  one  of 
great  difficulty.  The  motor  state  of  the  legs  may  be  identical  in  the  two 
diseases ;  in  each  there  is  the  same  extensor  spasm,  and  in  each  there  is  a 
slow,  gradual,  and  apparently  simultaneous  onset  of  the  weakness  and  spasm. 
The  distinction  is  that  in  primary  spastic  paraplegia  the  symptoms  are  purely 
motor ;  there  is  no  indication  that  the  lesion  extends  beyond  the  motor 
structures.  In  chronic  myelitis,  on  the  other  hand,  there  is  such  indication, 
either  by  the  impairment  of  sensation  or  by  the  presence  of  a  girdle  pain. 
This  distinction  is  sufficient  in  the  majority  of  cases.     But,  as  we  shall  see 
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when  we  consider  primary  spastic  paraplegia,  the  pathological  distinction 
between  the  two  diseases  is  not  well  defined,  is  indeed  less  definite  than  is, 
in  the  majority  of  cases,  the  clinical  distinction. 

The  diffuse  form  of  chronic  myelitis  has  to  be  distinguished  chiefly  from 
pachymeningitis  and  degenerative  muscular  atrophy.  In  pachymeningitis, 
the  muscular  wasting  may  be  similar,  but  anaesthesia  is  usually  much  more 
considerable  in  range  and  in  degree,  and  there  is  often  much  more  pain  in 
the  back.  If  there  are  similar  symptoms  in  both  arms  and  legs,  myelitis  is 
far  more  probable  than  pachymeningitis,  since  chronic  inflammation  of  the 
membranes  is  less  extensive  than  that  of  the  cord.  From  progressive  mus- 
cular atrophy  the  chief  difference  is  in  the  random  distribution  of  the  wast- 
ing, the  absence  of  symmetry,  and  the  indications  of  irregular  damage  to 
other  structures  in  the  cord.  Sensory  symptoms  are  rarely  absent  in  this 
form  of  chronic  myelitis,  while  in  progressive  muscular  atrophy  they  are 
limited  to  occasional  dull  rheumatoid  pain. 

Prognosis. — Chronic  myelitis  is  a  very  grave  disease,  on  account  of  the 
intractability  of  the  morbid  process,  and  the  persistence  of  damage  which  is 
slowly  produced.  In  acute  inflammation  there  is  not  only  a  possibility  of 
repair,  but  there  is  a  tendency  to  it,  which  is  absent  in  the  chronic  process. 
Hence,  while  arrest  of  the  disease  occurs  not  unfrequently,  considerable 
recovery  is  rare.  The  prospect  of  improvement  is  equally  small,  whatever  is 
the  seat  or  extent  of  the  disease.  The  prognosis,  however,  is  less  unfavor- 
able the  less  chronic  the  development  of  the  disease,  and  the  shorter  the 
time  the  symptoms  have  lasted.  Preceding  syphilis  does  not  materially 
modify  the  prognosis ;  hence  the  great  importance  of  the  diagnosis  from 
syphilitic  growth,  in  which  suitable  treatment  has  a  most  certain  effect.  The 
danger  to  life  is  least  in  focal  myelitis  in  the  dorsal  region  ;  in  the  diffuse 
form  the- ultimate  danger  to  life  is  great,  but  I  have  seen  several  cases  in 
which  the  morbid  process  was  permanently  arrested.  In  chronic  myelitis, 
as  in  all  other  diseases  of  the  spinal  cord,  the  prognosis  is  rendered  worse  by 
the  presence  of  any  of  the  complications  which  so  often  terminate  life. 

Treatment. — The  first  and  most  important  measure  is  the  improvement 
of  the  general  health,  by  rest,  change  of  air,  and  tonics.  All  causes  of  phys- 
ical and  mental  depression  must,  as  far  as  possible,  be  removed.  Over-ex- 
ertion, and  even  fatigue,  should  be  avoided,  and  the  patient  should  be  kept, 
as  far  as  possible,  from  exposure  to  cold.  Absolute  rest  for  a  short  time  is 
often  useful  at  the  outset  of  the  treatment,  especially  when  there  has  been  a 
somewhat  rapid  development  of  symptoms.  In  cases  of  purely  chronic 
course,  absolute  rest  should  not  be  maintained  for  more  than  ten  days  or  a 
fortnight,  or  the  patient  may  find  it  hard  to  regain  his  former  muscular 
power.  Counter-irritation  at  the  situation  of  the  disease  is  often  useful,  and 
most  so  in  cases  in  which  there  is  spinal  pain  or  tenderness.  Repeated 
sinapisms,  blisters,  or  a  mild  form  of  the  actual  cautery  may  be  employed. 
A  hot  douche  to  the  back,  at  a  temperature  of  ioo°  to  104°  F.,  applied 
daily,  has  been  strongly  recommended  by  Brown-Sequard.  Warm  brine 
baths,  and  various  thermal  mineral  waters,  have  been  also  said  to  do  good. 
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A  sea  voyage  is  often  of  service,  combining  as  it  does  the  maximum  of  fresh 
air  with  the  minimum  necessity  for  exertion.  Of  tonics,  quinine  and  iron 
are  the  most  useful.  Drugs  have,  unfortunately,  but  little  direct  influence 
on  the  morbid  process.  Those  which  most  deserve  a  trial  are  arsenic,  very 
small  doses  of  mercury  (such  as  -fa  gr.  of  the  red  iodide),  and  iodide  of 
iron.  Energetic  mercurial  treatment  rarely  does  good,  even  when  the 
patient  has  had  syphilis,  and  sometimes  it  does  harm.  Iodide  of  potassium 
seems  to  have  little  influence  on  the  disease.  Nitrate  of  silver,  ergot,  and 
phosphorus  have  been  recommended.  Strychnia  is  chiefly  useful  in  cases  in 
which  there  is  muscular  wasting.  The  treatment  of  symptoms  is  that  suit- 
able in  primary  spastic  paraplegia  and  progressive  muscular  atrophy,  and 
described  in  the  account  of  those  diseases. 


COMPRESSION  OF  THE  SPINAL  CORD. 

Compression  of  the  spinal  cord  is  a  common  consequence  of  various  mor- 
bid processes.  Inflammation  is  almost  always  excited  by  the  pressure,  and 
interference  with  function  occurs,  partly  from  the  pressure  and  partly  from 
the  resulting  myelitis.  The  symptoms  produced  have,  in  different  cases, 
many  characters  in  common,  although  they  vary  according  to  the  character 
of  the  compression  and  the  acuteness  of  the  inflammation. 

Causes. — The  morbid  processes  that  may  compress  the  cord  are  numer- 
ous. Most  of  them  have  been  already  described.  They  are  as  follows : 
Disease  of  the  bones  of  the  spinal  column,  especially  caries ;  growths  in  the 
spine  ;  aneurism  eroding  the  bones  and  then  compressing  the  cord  ;  growths 
in  the  membranes ;  thickening  of  the  dura  mater.  These  processes  have 
usually  only  a  small  vertical  extent,  rarely  exceeding  a  few  inches.  Occa- 
sionally their  vertical  extent  is  greater,  but  even  then  the  chief  pressure  is 
usually  confined  to  a  small  area. 

Pathological  Anatomy. — The  cord  usually  presents  evidence  of  the 
compression  it  has  endured  in  considerable  narrowing  at  the  spot  com- 
pressed, where  it  may  be  indented,  flattened  or  cylindrical.  Sometimes  the 
reduction  in  size  is  extreme ;  for  an  inch  or  so  the  cord  may  be  reduced  to 
one-third  of  its  normal  diameter,  and  it  has  even  been  found  no  thicker  than 
a  crow-quill.  An  example  of  flattening  is  shown  in  Fig.  98.  On  the  other 
hand,  there  is  sometimes  very  little  narrowing  visible  after  the  removal  of 
the  cord.  At  the  compressed  part  the  cord  is  usually  gray  in  tint ;  its  con- 
sistence is  lessened  in  early  cases,  and  increased  in  those  of  long  duration. 
The  change  in  color  and  consistence  are  due  to  the  inflammation  of  the 
substance  of  the  cord  which  always  results  from  pressure,  and  may  often  be 
traced  for  some  distance  above  and  below  the  compressed  part.  When 
there  is  much  compression  there  is  always  much  inflammation,  but  con- 
siderable myelitis  may  occur  when  the  amount  of  compression  is  slight. 
The  inflammation  may  be  chronic  and  slow,  developing  in  proportion  to 
the  pressure,  or  it  may  be  subacute  or  acute,  even  when  the  pressure  is 
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gradual.     The  signs  of  inflammation  are  very  dis-  FlG-  a8' 

tinct  on  microscopical  examination,  and  resemble 
those  in  other  forms  of  myelitis.  There  is  a  gen- 
eral increase  in  the  interstitial  tissue ;  in  this,  at 
first,  various  cell  forms  may  be  found,  but  it  ulti- 
mately presents  the  appearance  of  a  dense  reticu- 
lum. The  nerve  elements  undergo  degeneration, 
and  abundant  masses  of  myelin,  granule  corpus- 
cles, and  corpora  amylacea  are  visible  in  the 
fresh  state  or  in  glycerine  preparations  of  the 
hardened  cord  (Fig.  99,  c).  Many  nerve  fibres 
persist,  however,  with  a  narrowed  sheath  of  mye- 
lin, and  it  is  probable  that  these  regain  the  power 
of  conducting,  in  spite  of  the  persistence  of  con- 
siderable and  even  dense  sclerosis  in  the  part. 
In  extreme  cases  all  the  fibres  seem  to  be  de- 
stroyed at  the  point  of  chief  compression,  but 
there  is  never  an  actual  division  of  the  cord 
itself.  The  gray  matter  can  scarcely  be  distin- 
guished from  the  white,  even  with  the  micro- 
scope, and  the  ganglion  cells  become  shrunken 
and  atrophied.  The  walls  of  the  small  vessels  are 
often  thickened  by  a  growth  of  spindle  cells, 
more  or  less  concentric  to  the  cavity,  which  is 
encroached  upon  and  may  be  obliterated  (Fig. 
99  a,  b),  a  process  that  must  add  to  the  degree 
of  damage  to  the  cord.  The  signs  of  inflam- 
mation gradually  lessen  above  and  below  the 
compressed  part,  but  often  extend  for  some  inches 
in  each  direction.  Beyond  its  limits  the  usual 
ascending  and  descending  degenerations  may  be 
traced  (Fig.  98).  The  nerve  roots  passing  by 
the  seat  of  compression  suffer  from  the  pressure, 
and  from  interstitial  inflammation  excited  in 
them.  They  are  usually  gray  in  tint  and  ulti- 
mately waste,  and  may  even  be  reduced  to  fibrous 
threads.  The  microscope  shows  increase  of  the 
interstitial  tissue,  and  wasting  of  many  nerve  fibres 
(Fig.  99,  d),  and  enlargement  of  some  axis  cylinders. 

Fig.  98. — Compression  of  the  spinal  cord  and  pressure  myelitis  in  a  case  of  caries  of  the  spine.  D,  Mid- 
dorsal  region,  near  the  chief  point  of  greatest  compression ;  the  cord  is  narrowed  from  before  backward, 
and  is  uniformly  damaged  by  inflammation,  so  that  the_  gray  substance  can  scarcely  be  distinguished. 
C,  1%  inches  higher  up,  shows  a  slighter  degree  of  myelitis,  still  extending  through  the  whole  thickness 
of  the  cord.  B,  First  dorsal ;  the  myelitis  is  much  slighter  and  the  chief  disease  is  in  the  posterior 
columns,  in  which  ascending  degeneration  occupies  the  post. -median  columns  and  extends  outward  into 
the  post.-external  columns.  E,  i%  inches  below  the  point  of  greatest  pressure;  inflammation  still  extend- 
ing through  all  the  elements  of  the  cord.  F,  2  inches  lower  down,  shows  only  descending  degeneration  in 
the  pyramidal  tracts,  anterior  and  lateral,  and  also  the  "  comma-shaped"  descending  degeneration  in  the 
anterior  part  of  the  post. -external  column.  In  G,  at  the  lowest  part  of  the  dorsal  region,  the  comma-shaped 
degeneration  has  ceased,  and  only  that  of  the  pyramidal  tracts  remains.  {From preparations  by  Dr.  F.  G. 
Penrose.) 
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Symptoms.— The  effects  vary  much  according  to  the  degree  of  pressure, 
its  rapidity,  its  direction,  the'  amount  and  character  of  the  inflammation 
produced,  the  amount  of  damage  to  the  nerve  roots,  and  the  position  of  the 
disease.  The  symptoms  in  most  cases  enable  the  fact  of  slow  compression  to 
be  inferred,  even  when  there  is  no  indication  of  the  cause  of  the  compression. 

The  symptoms  are  of  two  classes,  and  it  is  the  combination  of  these  that 
is  the  special  characteristic  of  the  process.  The  first  is  the  interference  with 
the  function  of  the  nerve  roots  at  the  level  of  the  morbid  process;  the  second 
is  the  interference  with  the  functions  of  the  cord  itself.     We  may  term  them 
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Pressure  myelitis  :  portions  of  the  section  D  in  Fig.  98  more  highly 
magnified.  A,  from  the  gray  matter,  numerous  angular  and  fusi- 
form cells  :  vessels  with  walls  thickened  by  a  growth  of  cells,  narrowing 
the  cavity,  which  in  some  is  obliterated.  B,  from  the  white  column ; 
thickening  of  the  interstitial  tissue,  nerve  fibres  in  part  destroyed,  in  part 
narrowed  ;  a  vessel  with  thickened  walls.  C,  glycerine  preparation  from 
white  substance,  abundant  products  of  degeneration  of  the  nerve  fibres, 
in  part  aggregated  into  granule  masses.  D,  section  of  a  nerve  root  pass- 
ing by  compressed  area ;  increase  of  interstitial  tissue,  many  nerve  fibres 
narrowed,  some  with  swollen  axis  cylinders. 


the  "  root  symptoms"  and  the  "cord  symptoms.'7  The  cord  symptoms  con- 
sist chiefly  in  impaired  conduction,  manifested  in  the  parts  below  the  lesion. 
The  central  functions  of  the  cord  (reflex  action,  etc.)  at  the  level  of  the 
lesion  are  abolished  by  the  pressure,  but  the  symptoms  of  this  abolition  are 
often  lost  in  those  of  the  damage  to  the  nerve  roots. 

The  first  class  consists  of  symptoms  of  irritation  and  interruption  of  the 
nerve  roots.  The  most  constant  is  pain,  extending  along  the  course  of  the 
nerve  fibres,  and  through  the  area  of  their  distribution.  The  seat  of  these 
pains  depends  on  the  position  of  the  disease ;  they  may  be  felt  in  the  arms, 
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around  the  thorax  or  abdomen,  or  in  the  legs.  They  are  usually  sharp  pains, 
resembling  neuralgia  in  character,  sometimes  attended  with  tender  points. 
Occasionally,  when  felt  in  the  limbs,  they  are  referred  especially  to  the  joints. 
The  pain  may  be  intermitting  or  constant.  It  is  sometimes  increased  in  a 
remarkable  degree  by  movement,  especially  when  the  cause  of  the  irritation 
is  a  growth  in  the  bones  of  the  spine.  With  the  pain  there  is  usually 
hyperesthesia  of  the  skin,  often  intense.  After  a  time  anaesthesia  develops  in 
irregular  areas,  in  spite  of  the  persistence  of  the  pain,  "  anesthesia  dolorosa." 
Irritation  of  the  motor  nerve  roots  may  cause  painful  contracture  of  the 
muscles,  but  this  is,  on  the  whole,  rare,  and  the  chief  motor  symptoms  are 
due  to  the  interruption  of  the  fibres — muscular  weakness,  gradual  in  onset, 
and  accompanied  by  wasting.  The  rapidity  of  the  atrophy  varies  much,  and 
with  it  the  electrical  reaction.  When  slow  there  may  be  merely  a  progressive 
diminution  in  irritability  to  faradaism  and  voltaism;  when  rapid  there  is  often 
the  degenerate  reaction,  and  sometimes  the  "mixed  form,"  from  the  partial 
damage  to  the  fibres  that  supply  a  muscle.  Occasionally,  without  any  actual 
loss  of  power,  the  patient  moves  the  part  but  little,  on  account  of  the 
increase  of  the  pain  that  movement  produces, — a  "pseudo-paralysis,"  as  it 
has  been  termed. 

These  local  root  symptoms  are  usually  the  first,  and  to  them  are  added, 
after  a  time,  the  indications  of  interference  with  the  function  of  the  cord 
itself.  There  is  a  weakness  in  the  parts  below  the  lesion,  commonly  de- 
veloped gradually,  but  sometimes  rapidly.  Paralysis  may  even  come  on  in 
the  course  of  a  few  hours,  when  an  acute  myelitis  is  set  up  by  the  compres- 
sion. With  the  weakness  there  is  a  marked  and  early  increase  in  the  super- 
ficial reflex  action,  more  constantly  conspicuous  than  in  most  other  diseases  of 
the  cord,  and  therefore  of  some  diagnostic  importance.  The  myotatic 
irritability  is  also  increased,  the  foot  clonus  being  almost  always  present. 
Pains  in  the  legs  may  occur,  even  when  the  disease  is  above  the  lumbar 
enlargement,  usually  dull  and  aching.  There  is  often  formication  and  tin- 
gling. There  may  be  no  impairment  of  sensibility  in  the  parts  below  the 
lesion,  even  when  there  is  complete  motor  palsy;  in  many  cases,  however, 
there  is  some  sensory  loss,  complete  only  when  the  spinal  lesion  is  very 
severe.  Conduction  of  painful  impressions  may  be  delayed,  sometimes  for 
thirty  or  even  forty  seconds.  When  the  pressure  is  lateral,  one  leg  may  be 
first  and  most  affected,  but  the  other  side  is  usually  soon  involved,  since 
neither  the  mechanical  effect  nor  the  inflammation  remains  limited  to  one 
side  of  the  cord.  The  sphincters  are  often  affected.  The  tendency  to  the 
formation  of  bedsores  is  rarely  great,  unless  the  lumbar  enlargement  is  com- 
pressed or  myelitis  descends  into  it. 

The  course  of  the  symptoms  varies  according  to  that  of  their  cause.  When 
an  acute  myelitis  has  been  set  up,  improvement  may  occur  for  a  time  even  if 
the  cause  of  pressure  is  slowly  progressive.  This  is  true  also  of  root  symp- 
toms when  they  are  rapidly  developed.  If  the  compression  ceases  to  increase, 
the  cord  may  recover  its  conducting  function,  although  it  remains  narrowed. 
Sensation  is  often  regained  in  the  legs  when  motion  remains  absent,  but  both 


252  SPINAL   CORD. 

motion  and  sensation  may  be  regained  although  the  narrowing  of  the  cord 
persists.  It  has  even  been  found  no  larger  than  a  goose  quill  at  the  com- 
pressed spot,  although  the  paraplegia  had  passed  away.  In  such  a  case  many 
narrowed  nerve  fibres  are  found  in  the  section  of  the  compressed  portion, 
and  it  is  probable  that  many  axis  cylinders  persist  with  an  envelope  of  myelin 
so  narrow  as  to  be  recognized  with  difficulty,  but  which  suffices  for  their  con- 
ducting function.  Under  slow  pressure  the  axis  cylinders  may  not  suffer 
interruption,  although  the  myelin  wastes.  Regeneration  of  axis  cylinders, 
as  in  the  peripheral  nerves,  is  also  possible  (see  p.  227).  In  some  cases, 
especially  when  a  considerable  myelitis  has  been  set  up,  the  motor  path  may 
recover  and  the  posterior  columns  remain  affected,  so  that  power  returns,  but 
without  coordination,  "secondary  ataxy"  resulting. 

The  Diagnosis  of  slow  compression  rests  on  the  concurrence  of  the  root 
and  cord  symptoms  already  described.  Of  the  former,  the  sensory  symp- 
toms are  the  most  characteristic.  In  many  cases  other  indications  of  the 
compressing  disease  assist  the  diagnosis.  These  vary  in  character ;  the  most 
frequent  is  considerable  local  tenderness  of  the  spine.  If  root  symptoms  are 
absent  the  diagnosis  is  much  more  difficult,  unless  the  morbid  process  mani- 
fests itself  externally.  If  there  is  a  suspicion  of  compression  in  a  case  of 
slow  paraplegia,  an  early  and  considerable  excess  of  superficial  reflex  action 
gives  additional  weight  to  the  suspicion.  Even  without  any  other  symptoms 
to  indicate  compression,  this  is  suggested  by  symptoms  which  begin  on  one 
side  and  gradually  spread  to  the  other. 

The  chief  disease  from  which  compression  of  the  spinal  cord  has  to  be 
distinguished  is  a  subacute  or  subchronic  transverse  myelitis.  Besides  the 
indications  of  a  cause  of  compression  already  mentioned,  the  chief  distinc- 
tion depends  on  the  presence  of  symptoms  indicating  irritation  of  the  nerve 
roots,  and  especially  on  the  fact  that  these  symptoms  precede  those  of  the 
lesion  of  the  spinal  cord  itself.  True  chronic  myelitis  is  occasionally 
attended  by  more  irritation  of  the  nerve  roots  than  the  subacute  form,  but 
this  succeeds,  instead  of  preceding,  the  damage  to  the  cord,  and  the  course 
of  chronic  myelitis  is  often  much  slower  than  is  that  of  most  forms  of  slow 
compression.  The  distinction  from  a  growth  within  the  spinal  cord  rests 
chiefly  on  the  early  occurrence  of  impairment  of  the  central  and  conduct- 
ing functions  of  the  cord,  and  the  partial  distribution,  and  often  slower 
course  of  the  symptoms.  The  effects  of  an  intra-medullary  growth  vary 
widely  in  different  cases,  and  if  there  is  an  early  irritation  of  root  fibres, 
the  distinction  may  have  to  depend  on  the  presence  or  absence  of  the  signs 
of  a  compressing  process. 

The  diagnosis  of  the  cause  of  compression  is  often  much  more  difficult 
than  that  of  its  occurrence.  The  facts  that  the  patient  is  in  the  first  half  of 
life,  and  that  he  inherits  a  tubercular  tendency,  suggest  caries.  The  absence 
of  root  symptoms  is  also  in  favor  of  caries  or  a  tumor  within  the  spinal  cord. 
The  presence  of  root  symptoms  does  not,  however,  render  caries  less  likely, 
unless  the  pain  is  extremely  severe,  and  is  greatly  increased  by  movement, 
characters  that  should  always  suggest  a  growth  in  the  bones  of  the  spine. 
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Root  symptoms  extending  over  a  considerable  vertical  area  suggest  pachy- 
meningitis. Additional  details  of  the  differential  diagnosis  will  be  found 
in  the  account  of  the  several  compressing  diseases. 

Prognosis  and  Treatment. — The  prognosis  depends  on  the  cause,  and 
the  amenability  of  this  to  treatment.  As  a  general  rule,  however,  the  more 
rapidly  the  cord  symptoms  develop,  the  more  chance  there  is  of  improve- 
ment, because  the  greater  share  does  inflammation  take  in  their  production. 
The  treatment  is  that  of  the  cause  of  the  compression  and  that  of  myelitis. 


ANTERIOR  POLIO-MYELITIS.     ATROPHIC  SPINAL  PARALYSIS. 

In  certain  important  groups  of  diseases  of  the  spinal  cord,  wasting  of  the 
muscles  is  a  prominent  symptom.  In  all  the  lesion  involves,  exclusively  or 
in  part,  the  anterior  gray  cornua,  and  the  muscular  atrophy  depends  on  the 
destruction  of  the  nerve  cells,  from  which  the  axis  cylinders  of  the  motor 
nerve  fibres  proceed.  The  fibres  degenerate^  and  it  is  apparently  by  the 
agency  of  this  degeneration  that  the  atrophy  of  the  muscles  is  produced. 
The  occurrence  of  the  wasting  does  not  depend  on  the  nature  of  the  lesion 
in  the  gray  matter ;  it  occurs  equally  whether  the  nerve  cells  are  destroyed 
by  hemorrhage,  by  inflammation,  acute  or  chronic,  by  slow  degeneration, 
or  by  the  growth  of  a  tumor.  But  the  rapidity  with  which  the  lesion  de- 
velops influences  materially  the  character  of  the  symptoms.  Time  is 
required  for  the  process  of  nerve  degeneration,  and  for  the  effect  of  this  on 
the  nutrition  of  the  muscles ;  one  or  two  weeks  elapse,  even  in  the  most 
acute  cases,  before  muscular  wasting  is  distinct.  The  nerve  cells  also  form 
part  of  the  voluntary  motor  tract.  Their  disease  at  once  interrupts  this 
path.  Hence,  in  acute  cases,  paralysis  is  rapidly  developed,  and  the  atrophy 
succeeds  it  after  an  interval.  In  chronic  lesions,  on  the  other  hand,  the 
changes  in  the  cells  and  fibres  progress  so  slowly  that  the  weakness  and  wast- 
ing appear  to  come  on  together.  The  wasting  may  even  seem  to  precede 
the  weakness,  but  a  careful  examination  will  show  that  loss  of  power  exists 
as  soon  as  there  is  distinct  atrophy.  It  is  customary  to  distinguish  the  two 
groups  by  terming  those  in  which  the  palsy  precedes  wasting,  "  atrophic 
spinal  paralysis,"  and  those  in  which  wasting  is  apparently  simultaneous  with 
weakness,  "  spinal  muscular  atrophy." 

The  atrophic  paralyses  are  due  to  an  acute  or  subacute  process  in  the  ante- 
rior cornua.  The  lesion  is  probably,  in  most  cases,  inflammatory  in  char- 
acter, a  cornual  myelitis,  or  polio-myelitis  (Kussmaul).  In  some  cases, 
which  differ  only  in  the  suddenness  of  the  onset,  it  is  probable  that  the 
lesion  is  hemorrhage  and  not  inflammation.  The  chronic  atrophies  are  due 
to  a  slow  degeneration  of  the  nerve  cells  in  the  gray  substance.  By  some 
writers  it  is  regarded  as  a  parenchymatous  inflammation,  but,  in  accordance 
with  the  method  here  adopted,  the  chronic  disease  will  be  classed  among  the 
spinal  degenerations. 
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ACUTE  ATROPHIC  PARALYSIS;  ACUTE  ANTERIOR  POLIO- MYELITIS; 
CORNUAL  MYELITIS  (INFANTILE  PARALYSIS ;  ESSENTIAL  PARALYSIS 
OF  CHILDREN). 

Acute  atrophic  paralysis  is  a  disease  in  which  voluntary  power  is  lost  in 
the  course  of  a  few  hours  or  days,  and  some  of  the  paralyzed  muscles  un- 
dergo rapid  wasting,  while  others  recover.  The  onset  of  the  palsy  is  often  pre- 
ceded or  accompanied  by  indications  of  general  disturbance.  The  muscles 
which  waste  usually  remain  weak,  and  contraction  of  their  opponents  leads 
to  permanent  distortion  of  the  paralyzed  limbs.  The  disease  is  the  most 
common  form  of  paralysis  in  young  children,  and  has  hence  received  the 
name  of  "  infantile  paralysis. "  Before  anything  was  known  of  the  lesion 
on  which  it  depends,  it  received  (from  Rilliet  and  Barthez)  the  unmeaning 
designation  of  the  "  essential  paralysis  of  children."  The  spinal  lesion  was 
first  demonstrated  by  Prevost  (1865)  and  soon  afterward  by  Lockhart  Clarke, 
and  by  Charcot  and  JofFroy.  Its  constancy  has  been  abundantly  proved  by 
numerous  observations  during  the  last  ten  years.  The  occurrence  of  similar 
symptoms  in  adults  was  noted  by  Vogt  (1858)  and  Duchenne  (1864).    . 

Etiology. — The  disease  occurs  at  all  ages,  and  although  its  relative  fre- 
quency at  different  periods  of  life  cannot  yet  be  definitely  stated,  it  is 
certainly  six  times  more  frequent  in  the  first  ten  years  than  in  all  the  rest  of 
life.  It  is  moreover  especially  a  disease  of  later  infancy.  Of  the  cases 
under  ten,  three-fifths  occur  in  the  first  two  years  of  life,  and  four-fifths  in 
the  first  three  years.  It  is  less  frequent  in  the  first  than  in  the  second  year, 
but  it  occasionally  comes  on  soon  after  birth,  at  the  twelfth  day  in  a  case 
observed  by  Duchenne.  The  friends  often  date  the  disease  from  birth,  but 
there  is  no  valid  evidence  of  its  intra-uterine  development.  Its  onset  may 
readily  be  overlooked  in  a  young  child.  In  adults  it  may  occur  at  any 
period,  up  to  sixty  years  of  age,  but  is  most  frequent  between  ten  and  thirty. 
Boys  are  somewhat  more  prone  to  surfer  than  girls,  in  the  proportion  of 
four  to  three,  but  (to  judge  by  a  series  of  fifty  consecutive  cases  which  I 
have  tabulated  from  my  own  note  books)  it  is  only  under  two  years  that  a 
greater  liability  in  boys  can  be  traced.  In  adults,  however,  the  disease  is 
far  more  frequent  in  males  than  in  females.  The  influence  of  heredity  is 
small,  but  a  family  tendency  to  suffer  may  now  and  then  be  traced ;  two 
and  even  three  brothers  or  sisters  have  been  affected  (Seeligmuller,  etc.). 
One  of  my  own  patients  had  two  cousins  affected  with  the  same  disease. 
The  inherited  tendency  may  be  indirect ;  of  a  patient  in  whom  the  disease 
came  on  in  adult  life,  two  brothers  had  suffered  from  hemiplegia,  and  an 
uncle  from  paraplegia. 

The  disease  occurs  far  more  frequently  in  summer  than  in  winter.  Sink- 
ler,  who  first  called  attention  to  the  fact,  found  that  in  Philadelphia  four- 
fifths  of  the  cases  commenced  in  the  five  hot  months,  May — September. 
Of  my  own  cases,  two-thirds  were  attacked  during  the  hottest  third 
of  the  year,  June — September.  This  relation  to  season  is  seen  in  adults 
as  well  as  in  children.  The  fact  is  the  more  important  because  cold 
has    long    been    regarded    as    the    most    potent    exciting    cause.      That 
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exposure  to  cold  is  an  occasional  cause  can  scarcely  be  doubted, 
but  it  is  more  traceable  in  adults  than  in  children,  and  the  extent 
of  its  influence  has  certainly  been  over-estimated.  The  relation  to 
season  shows  that  it  is  not  the  mere  degree  of  cold  which  is  influential, 
but  probably  the  chilling  of  the  heated  body.  Thus  one  patient,  aged  six- 
teen, when  perspiring  from  a  long  ride  after  the  hounds  on  a  hot  day  in 
September,  lay  down  on  a  sofa  beneath  an  open  window  from  which  a 
draught  blew  on  his  back.  Two  days  afterward  the  first  symptoms  com- 
menced. I  have  twice  known  the  disease  to  be  due  to  sitting  on  damp 
grass.  Two  or  three  days  is  the  interval  which  usually  elapses  between  the 
exposure  to  cold  and  the  onset  of  the  symptoms. 

Over-exertion  has  been  supposed  to  be  an  occasional  cause,  and  Lange 
associates  the  frequency  of  the  disease  in  late  infancy  with  the  functional 
excitation  of  the  cord  in  walking.  Over-walking  is  perhaps  an  occasional 
cause  in  young  children.  A  traumatic  cause,  such  as  a  fall,  can  occasion- 
ally be  traced,  although  the  statements  of  friends  on  this  point  may  readily 
mislead.  "  We  suppose  that  the  child  must  have  had  a  fall  "  is  a  common 
statement,  when  there  are  no  grounds  for  the  supposition.  But  now  and 
then  the  disease  does  follow  a  fall,  at  an  interval  of  a  few  days,  in  a  manner 
which  at  least  suggests  that  the  injury  was  its  cause.  Thus  in  one  severe 
case,  a  boy  eight  years  old  was  thrown  over  the  head  of  a  donkey,  and  the 
onset  occurred  five  days  afterward.  In  another  instance,  a  child  fell  over 
the  back  of  a  chair  on  which  she  was  standing  ;  she  was  stunned  for  a  few 
seconds  and  then  seemed  all  right.  Two  days  afterward  febrile  disturbance 
came  on,  and  paralysis  was  discovered  on  the  fourth  day  from  the  fall.  It 
would  seem  probable  that  the  injury,  in  such  cases,  merely  serves  to  excite 
the  disease  in  a  predisposed  subject. 

Since  the  disease  develops  most  frequently  during  the  period  of  the  first 
dentition,  teething  has,  by  many,  been  supposed  to  be  its  chief  cause.  But 
there  is  no  proof  of  any  relation  between  the  two.  Their  coincidence  in 
time  would  be  significant  if  we  knew  of  any  mechanism  by  which  the  pro- 
cess of  dentition  could  produce  myelitis,  or  if  no  other  conditions  existed, 
during  the  period  of  dentition,  to  which  the  frequency  of  the  disease  might 
be  due.  But,  on  the  one  hand,  we  know  of  no  such  mechanism  (for  the 
theory  of  a  reflex  vasomotor  disturbance  is  a  pure  hypothesis),  and,  on  the 
other  hand,  the  period  of  dentition  coincides  with  the  rapid  functional 
development  of  the  nervous  system,  which  succeeds  its  structural  develop- 
ment in  the  first  few  months  of  life.  Moreover,  this  period  is  often  one  of 
deterioration  of  health,  in  consequence  of  changes  of  diet  and  other  causes. 
The  disease  occurs  before  and  after  the  period  of  teething,  and  it  exhibits 
no  increase  in  frequency  at  the  period  of  the  second  dentition.  Of  fifty 
cases  occurring  under  ten,  in  only  two  did  the  disease  occur  between  six 
and  ten. 

Many  children  are  perfectly  well  at  the  time  when  the  disease  occurs.  A 
few  are  in  conspicuously  defective  health.  Thus  in  one  case  the  child  had 
been  rendered  feeble  by  long-continued  diarrhoea.  I  have  only  once  seen  the 
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disease  in  the  subject  of  inherited  syphilis.  On  the  other  hand  it  is  occa- 
sionally secondary  to  acute  febrile  diseases — scarlet  fever,  measles,  bron- 
chitis, pneumonia,  and,  in  older  children  and  adults,  to  typhoid  fever  and 
ague.  It  may  develop  during  the  height  of  the  acute  disease  or  during  con- 
valescence. But  the  frequency  of  this  cause  has  been  unquestionably  over- 
rated. The  initial  general  disturbance  is  constantly  mistaken  for  an 
independent  general  disease,  and  the  opinion  is  often  maintained  after  the 
discovery  of  the  paralysis,  which  is  then  supposed  to  be  of  secondary  origin. 
Thus  in  one  case  initial  pyrexia,  headache  and  vomiting  were  supposed  to 
indicate  scarlet  fever.  Paralysis  of  all  four  limbs  came  on,  with  difficulty 
in  swallowing,  and  the  latter  was  supposed  to  render  certain  the  diagnosis  of 
scarlet  fever,  although  there  was  no  sore  throat  or  rash.  In  older  children 
and  adults  the  disease  is  often  thought  to  be  secondary  to  rheumatic  fever, 
in  consequence  of  the  rheumatoid  character  of  the  pains.  The  error  is  the 
more  likely  to  occur  if  the  symptoms  follow  exposure  to  cold.  There  is  no 
evidence  that  the  disease  is  ever  secondary  to  articular  rheumatism.  Chronic 
alcoholism  has  been  supposed  to  be  a  cause  in  adults,  but  it  is  probable  that 
most  cases  supposed  to  be  due  to  this  cause  have  been  instances  of  multiple 
neuritis. 

Symptoms. — The  general  characters  of  the  symptoms  have  been  already 
mentioned, — an  acute  onset,  often  with  general  febrile  disturbance ;  paraly- 
sis, at  first  widespread,  afterward  passing  away,  except  from  a  region  in  which 
the  muscles  rapidly  atrophy,  and  in  which,  although  partial  recovery  may 
occur,  more  or  less  weakness  and  wasting  usually  persist. 

The  general  disturbance  at  the  onset  may  be  severe,  slight,  or  absent. 
When  present  there  is  commonly  pyrexia,  with  its  usual  accompaniments, 
headache,  prostration,  loss  of  appetite,  restlessness.  The  elevation  of  tem- 
perature is  rarely  considerable,  ioo°  or  ioi°,  but  it  sometimes  reaches  1030, 
or  even,  as  I  have  seen,  104°.  These  symptoms  occur  in  both  children  and 
adults.  In  the  former  there  is  sometimes  more  pronounced  cerebral  disturb- 
ance, convulsions,  and  delirium.  In  older  children  and  adults  transient 
diplopia  occasionally  occurs,  chiefly  when  the  disease  is  in  the  cervical 
region  of  the  cord.  Giddiness  is  sometimes  complained  of.  The  convul- 
sions and  delirium  are  usually  ascribed  to  the  fever,  and  compared  to  those 
which  may  occur  at  the  onset  of  an  acute  specific  disease,  but  it  is  possible 
that  the  cerebral  functions  are  sometimes  more  directly  deranged.  These 
symptoms  of  general  disturbance  usually  last  for  a  few  days  only,  sometimes 
for  only  a  few  hours,  and  they  are  not  unfrequently  absent.  Before  they 
have  entirely  passed  away,  the  paralysis  comes  on,  sometimes  a  few  hours, 
sometimes  a  few  days,  after  the  onset  of  the  symptoms.  Thus  a  common 
history  is  for  a  child  to  seem  ill  and  feverish,  to  be  put  to  bed,  and  the  next 
morning  to  be  fSund  to  have  lost  power.  As  an  example  of  more  deliberate 
onset  may  be  mentioned  the  case  of  a  medical  student  who  found,  one  day, 
that  he  saw  double  ;  on  the  next  he  felt  giddy,  and  became  feverish  (ioo° 
-102°);  he  slept  for  forty-eight  hours;  and  on  the  fourth  day  found  his 
right  arm  was  weak,  and  atrophy  of  the  deltoid,  etc.,  followed.     When  the 
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initial  stage  is  prolonged,  the  paralysis  is  often  not  discovered  for  some 
time.  The  immobility  of  paralysis  is  mistaken  for  the  inertia  of  prostration. 
When  general  symptoms  are  absent,  the  paralysis  often  comes  on  in  the 
night. 

In  older  children  and  adults,  another  common  initial  symptom  is  the 
rheumatoid  pain  already  mentioned,  sometimes  referred  to  the  muscles, 
sometimes  to  the  limbs  generally,  occasionally  to  the  course  of  the  nerves, 
but  never  to  the  joints.  Pain  may  be  felt  also  in  the  back.  In  character  it 
is  dull  and  aching,  or  acute  and  tearing  or  burning.  It  is  often  very  severe. 
Instead  of  being  initial,  the  pain  may  succeed  the  onset  of  paralysis,  and 
occasionally  continues  for  several  weeks.  There  may  also  be  tingling  or 
formication  in  the  limbs. 

The  paralysis  is  always  rapidly  developed.  It  varies  much  in  its  initial 
range.  Only  part  of  a  limb  may  be  affected,  or  there  may  be  universal  loss 
of  power.  In  the  majority  of  cases  the  paralysis  is  intermediate  between 
these  extremes.  Two  or  three  limbs  are  affected — both  arms,  both  legs,  or 
the  legs  and  one  arm.  When  all  four  limbs  are  paralyzed  the  neck  muscles 
also  may  be  weak,  and  even  swallowing  may  be  impaired.  The  other  mus- 
cles supplied  by  the  cranial  nerves  escape,  and,  as  a  rule,  the  sphincters  are 
unaffected.  To  the  latter,  exceptions  are  occasionally  met  with,  always  in 
severe  cases,  and  the  paralysis  of  the  sphincters,  when  it  occurs,  often  lasts 
a  long  time.  For  instance,  a  child  aged  two  and  a  half  years  woke  up  one 
morning  with  headache,  fever,  and  weakness  of  the  legs,  which  rapidly 
increased  to  complete  paralysis.  Four  days  later  the  arms  also  became 
weak,  and  in  a  day  or  two  more  the  urine  escaped  involuntarily.  The  arms 
began  to  recover  in  six  weeks,  and  were  well  in  six  months ;  both  legs 
wasted  and  remained  permanently  paralyzed ;  the  incontinence  of  urine 
lasted  for  a  year.  A  similar  affection  of  the  sphincters  is  occasionally  met 
with  in  adults. 

The  paralysis  usually  commences  in  one  limb  and  quickly  spreads,  reach- 
ing its  maximum  extent  in  from  one  to  four  days,  and  sometimes  in  a  few 
hours  ;  occasionally  it  occupies  a  week  in  its  development.  When  it  does 
not  reach  its  height  until  more  than  a  week  has  elapsed,  the  case  is  regarded 
as  "subacute."  As  another  example  of  a  common  mode  of  onset  may  be 
mentioned  the  case  of  a  boy,  aged  a  year  and  four  months,  who  one  day 
seemed  ill,  was  sick,  and  was  put  to  bed.  The  next  day  he  cduld  scarcely 
stand  alone ;  on  the  following  day  he  could  neither  move  the  legs,  nor  sit 
up  in  bed.  In  about  ten  days  the  left  leg  began  to  improve,  but  there  was 
enduring  paralysis  and  wasting  of  the  whole  of  the  right,  and  of  the  lower 
part  of  the  left  leg.  Again,  another  child  seemed  ill,  and  was  kept  in  bed 
for  five  days ;  on  the  third  day  it  was  noticed  that  the  left  arm  was  not 
moved  so  much  as  the  right,  and  by  the  fifth  day  the  arm  was  quite  power- 
less ;  at  the  end  of  a  fortnight  improvement  commenced.  In  the  adult,  the 
mode  of  onset  presents  nearly  the  same  characters.  A  lady,  twenty-five 
years  of  age,  sat  down  for  some  time  on  wet  grass.  Two  days  later  general 
rheumatic  pains  came  on,  very  severe  in  the  legs  on  the  following  day,  and 
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the  legs  were  distinctly  weak.  In  the  course  of  the  next  forty-eight  hours 
the  arms  also  became  feeble,  and  at  the  end  of  a  week  she  could  scarcely 
move  her  arms,  and  her  legs  were  absolutely  paralyzed.  In  a  fortnight 
improvement  commenced,  first  in  the  arms  and  then  in  the  feet ;  but  the 
hip  and  thigh  muscles  remained  paralyzed  and  rapidly  wasted. 

Cases  are  sometimes  seen  similar  in  other  respects  to  those  now  under 
consideration,  but  in  which  the  paralysis  comes  on  suddenly,  and  without 
general  disturbance.  Weakness  commences,  for  instance,  in  one  arm,  and 
spreads  so  quickly  that  in  the  course  of  a  quarter  of  an  hour  there  may  be 
universal  paralysis,  which  afterward  passes  away,  except  in  one  region,  where 
there  is  rapid  wasting.  The  suddenness  of  the  onset  makes  it  difficult  to 
regard  the  lesion  as  inflammation  ;  it  suggests  hemorrhage.  Moreover,  in 
most  cases  of  actually  sudden  onset,  febrile  disturbance  is  absent.  We  shall 
see  that  hemorrhage  may  occur  in  early  childhood.  Hence,  while  we  must 
class  these  with  the  other  acute  spinal  atrophies,  we  are  not  justified  in  regard- 
ing them  as  cases  of  polio-myelitis. 

The  following  cases  are  instances  of  such  sudden  onset.  A  girl,  aged 
seventeen,  suddenly  felt  tingling  in  the  left  hand.  In  a  few  minutes  the 
whole  arm  was  powerless,  and  then  the  right  arm  became  paralyzed.  She 
had  a  strange  sensation  at  the  back  of  the  neck,  and  went  up  stairs.  As  she 
was  going  up,  her  legs  became  weak,  first  the  left  and  then  the  right.  In 
less  than  half  an  hour  from  the  time  of  the  first  symptom  there  was  absolute 
universal  paralysis,  with  difficulty  in  breathing  and  in  swallowing.  Improv- 
ment  (in  the  opposite  order  to  the  onset)  commenced  the  same  evening  and 
was  complete  in  about  six  weeks,  with  the  exception  of  the  muscles  of  the 
left  forearm  and  hand,  which  rapidly  wasted  and  were  permanently  paralyzed 
and  atrophied.  Another  girl,  while  walking  across  a  road,  suddenly  felt  a 
"  sort  of  shock,"  as  if  some  one  had  given  her  a  knock  between  the  shoulders. 
She  became  giddy,  and  instantly  felt  tingling  in  both  arms,  especially  in  the 
right,  which  became  weak  before  she  got  to  the  other  side  of  the  road.  Ulti- 
mately the  arms  recovered,  but  permanent  paralysis  and  wasting  of  the  intrin- 
sic muscles  of  each  hand  were  left.  A  similar  sudden  onset  is  also  seen 
occasionally  in  children.  Thus  a  child,  aged  two,  was  walking  along,  when 
he  suddenly  said  he  could  not  stand,  and  fell  down  on  his  knees.  Both  legs 
were  powerless.  Slow  improvement  followed  in  the  left  leg,  and  wasting  in 
the  right.  A  sudden  onset  is  perhaps  more  common  than  histories  show, 
because  sudden  onset  while  a  child  is  resting  eludes  recognition. 

When  the  paralysis  has  reached  its  height,  it  remains  stationary  for  a  time, 
which  varies  from  two  to  six  weeks,  and  then  lessens.  The  first  improve- 
ment occurs  in  the  parts  last  affected,  and  it  gradually  spreads  until,  usually 
at  the  end  of  from  one  to  three  months,  all  parts  have  recovered  except 
those  which  are  permanently  affected.  In  these  the  muscles  are  toneless  and 
flaccid  from  the  first,  and  in  two  or  three  weeks  there  is  distinct  wasting, 
which  rapidly  increases  until  the  shape  of  the  limb  is  changed,  and,  in 
extreme  cases,  scarcely  any  of  the  volume  of  the  muscle  can  ultimately  be 
detected.     In  fat  children,  the  appearance  of  the  limb  may  be  less  altered, 
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and  it  seems  that,  in  some  of  these,  an  interstitial  growth  of  fat  makes  up 
for  the  diminution  of  muscular  tissue.  In  older  children  and  adults  the 
muscles  are  often  tender  to  the  touch  during  the  process  of  wasting. 

When  the  atrophy  is  distinct  the  muscles  no  longer  contract  to  faradaism, 
and,  if  the  motor  nerves  are  tested,  they  also  will  be  found  to  have  lost  irri- 
tability. The  loss  depends  on  degeneration  of  the  nerves.  The  muscles 
usually  present  the  degenerative  reaction  in  characteristic  form  (see  p.  66). 
The  loss  of  faradaic  irritability  is  distinct,  in  severe  cases,  as  early  as  the  end 
of  the  first  week,  and  even  by  the  fifth  or  sixth  day.  In  a  patient,  for  instance, 
who  is  universally,  and  apparently  uniformly,  paralyzed,  one  or  more  groups 
of  muscles  may  be  found  to  have  lost  irritability,  and  in  these  we  know  that 
there  will  be  lasting  paralysis  and  wasting,  while  the  other  parts  will  recover. 
In  a  severe  case,  in  which  the  muscles  most  affected  atrophy  completely,  the 
loss  of  faradaic  irritability  may  be  permanent.  The  voltaic  irritability 
remains,  increased  in  degree,  for  two,  three,  four,  or  six  months,  then  slowly 
falls,  as  the  muscular  fibres  themselves  degenerate,  and  ultimately,  at  the  end 
of  one  or  two  years,  it  disappears.  More  commonly,  after  six  or  twelve 
months,  some  faradaic  irritability  returns.  It  may  be  slight,  due  to  the 
recovery  of  a  few  fibres,  insufficient  in  number  to  restore  any  bulk  or  power, 
but  the  few  fibres  which  recover  do  so  perfectly,  so  that  the  irritability 
becomes  normal  in  degree,  although  the  contraction  which  can  be  thus  pro- 
duced is  .very  slight  in  amount.  In  other  cases  considerable  recovery  occurs, 
so  that  some  power  and  volume  are  regained,  although  the  muscles  remain 
below  the  normal  size.  Rarely  recovery  is  perfect.  In  the  muscles  which 
do  not  waste  there  is  no  degenerative  reaction,  but  there  may  be  slight  dimi- 
nution of  excitability  to  each  current. 

The  paralysis  is  motor  only.  There  may  be  at  first  tingling  or  formication 
in  the  limbs,  but  there  is  no  loss  of  sensation.  Reflex  action  from  the  skin, 
however,  is  abolished.  At  first  it  is  lost  wherever  there  is  weakness,  but  it 
returns  with  or  soon  after  the  recovery  of  power  in  the  less  affected  parts. 
Where  there  is  persistent  paralysis  it  remains  absent.  The  myotatic  irrita- 
bility is  lost  in  the  same  or  even  greater  degree.  For  instance,  no  knee 
jerk  can  be  obtained  if  the  extensors  of  the  knee  are  affected  even  in  slight 
degree.  The  loss  depends  on  the  interruption  of  the  muscle-reflex  centre 
by  the  disease  in  the  gray  matter.  In  rare  cases  of  severe  cervical  polio- 
myelitis, which  is  not  limited  to  the  gray  matter  but  affects  in  less  degree 
the  lateral  white  columns,  there  is  wasting  of  the  arms,  but  paralysis  without 
wasting  in  the  legs,  and  in  the  latter  the  myotatic  irritability  may  be 
increased  above  the  normal,  so  that  the  foot  clonus  may  be  obtained.  Such 
cases  are,  however,  very  rare,  and  are  intermediate  between  polio-myelitis 
and  transverse  myelitis. 

A.  curious  effect  of  the  disease  is  to  retard  the  growth  of  the  bones  in  the 
affected  limb,  so  that  this  gradually  becomes  shorter  than  its  fellow,  and 
after  a  time  the  compact  tissue  of  the  bone  is  less  than  on  the  other  side. 
'It  is  a  retardation  of  growth,  and  there  is  scarcely  sufficient  ground  for  call- 
ing it  an  atrophy  comparable  to  that  of  the  muscles.     There  is  no  evidence 
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that  any  wasting  of  bone  takes  place  in  adults.  Strange  to  say,  Seeligmuller 
has  observed  the  opposite  effect  in  children  :  an  actual  elongation  of  the 
bones,  apparently  due  to  the  fact  that  the  growing  epiphyses  suffer  traction 
instead  of  the  normal  compression.  The  effect  on  the  growth  of  bone  is 
not  proportioned  to  the  muscular  paralysis,  and  cannot  therefore  be  regarded 
as  the  effect  of  the  latter. 

Those  joints  that  depend  for  their  support  on  tendons  which  pass  over 
them  become  lax  when  the  muscles  are  paralyzed,  and  the  articular  surfaces 
may  be  no  longer  kept  together.  Thus  when  the  deltoid  is  wasted,  the 
head  of  the  humerus  may  fall  out  of  the  glenoid  cavity. 

Bedsores  are  almost  unknown,  even  in  the  acute  stage  of  the  disease.  A 
slight  local  elevation  of  temperature  in  the  most  affected  parts  has  been 
observed  in  the  early  stage,  but  subsequently  the  limb  is  constantly  colder 
than  the  other.  This  is  due,  in  part  at  least,  to  the  want  of  the  aid  to  the 
circulation  which  is,  in  health,  supplied  by  the  muscular  action. 

During  the  chronic  stage  of  the  disease  there  is  great  liability  to  the  occur- 
rence of  permanent  shortening  of  muscles,  with  consequent  displacement  of 
the  parts  to  which  they  are  attached.  Grave  deformities  are  thus  produced. 
Unquestionably  the  chief  mechanism  by  which  these  are  produced  is  the 
shortening  of  muscles  which  are  less  paralyzed  than  their  opponents.  The 
less  affected  muscles  retain  their  contractility ;  they  are  no  longer  subject  to 
the  normal  extension  by  their  opponents,  and  hence  gradually,  become 
shorter  and  less  extensible.  This  may  occur  in  muscles  which  are  unaffected, 
and  it  is  uncertain  how  far  it  is  favored  by  a  slight  degree  of  paralysis.  The 
latter  is  attended  with  some  increase  of  the  interstitial  tissue  of  the  muscle, 
and  the  growth  of  this  may  readily  fix  the  contracture  of  the  proper  muscu- 
lar fibres.  Posture  often  aids  the  production  of  these  muscular  contractions, 
and  so  also  in  the  case  of  the  foot  does  the  relative  shortening  of  the  limb. 

The  persistent  paralysis  may  occupy  the  whole  or  part  of  one  or  more 
limbs.  In  half  of  the  cases  one  leg  only  is  permanently  affected.  It  is  less 
frequent  for  both  legs  or  for  one  arm  to  suffer,  and  still  rarer  combinations 
are  those  of  both  legs  and  one  arm,  of  both  arms,  of  the  arm  on  one  side 
and  the  leg  on  the  other,  while  the  rarest  of  all  is  the  affection  of  leg  and 
arm  on  the  same  side.  The  limbs  on  the  left  side  of  the  body  are  more 
often  permanently  affected  than  those  on  the  right. 

When  the  paralysis  of  a  limb  is  incomplete,  the  part  involved  varies  much 
in  different  cases,  and  as  different  parts  of  two  or  more  limbs  may  be  affected, 
the  combinations  of  palsy  which  result  are  extremely  varied.  The  grouping 
of  adjacent  muscles  is  sometimes  distinctly  that  of  functional  association, 
more  often  it  is  random.  In  the  legs  the  paralysis,  in  very  severe  and  for- 
tunately very  rare  cases,  may  be  absolute,  involving  all  the  muscles  of  both 
limbs.  Usually  it  is  partial,  and  then  the  muscles  below  the  knee  suffer 
more  often  than  those  above  the  knee.  The  calf  muscles  are  much  less  fre- 
quently affected  than  the  muscles  in  front  of  the  tibia  or  the  peronei. 
Hence  talipes  equinus  is  a  common  deformity,  and  its  occurrence  is  aided 
by  the  shortening  of  the  limb,  in  consequence  of  which  the  foot  has  to  be 
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Either   the   tibialis  anticus- 

Fig.  ioo. 


extended    to   bring   the  ball  to   the   ground 
or  the  peronei  may  be  most  affected, 
with  the  result,  in  the  former  case,  of 
talipes  valgus,  in  the  latter  of  talipes 
varus.     In  the  case  shown  in  Fig.  ioo  X;; 

the  peronei  have  suffered  most  in  the  ?*'., 

left  leg  and  least  in  the  right,  produc- 
ing an  unsymmetrical  but  correspond- 
ing distortion  of  the  feet.  This  affords 
an  illustration  of  another  fact,  namely, 
that  when  there  is  a  partial  affection 
of  both  legs  the  paralysis  scarcely 
ever  corresponds  in  the  two  in  its  inci- 
dence or  its  degree.  Much  less  com- 
monly the  calf  muscles  suffer  more 
than  the  others,  and  there  results 
talipes  calcaneus,  as  in  the  case  shown 
in  Fig.  101.  The  intrinsic  muscles 
of  the  foot  often  suffer  with  those  of 
the  leg.  In  the  thigh  the  extensors 
of  the  knee  are  affected  more  fre- 
quently than  the  flexors,  and  hence 
flexor  contraction  is  very  common  and 
may  even  cause  subluxation  of  the 
joint.  The  flexors  of  the  hip  often 
suffer,  with  the  extensors  of  the  knee  or  alone. 
Less  commonly  the  glutei  are  involved,  but 
never  alone. 

In  the  arm  almost  all  the  muscles  are  some- 
times affected,  as  in  the  case  shown  in  Fig. 
102,  but  all  are  never  entirely  paralyzed.  The 
intrinsic  muscles  of  the  hand  often  suffer : 
either  the  thenar  muscles  or  the  interossei  may 
be  most  damaged.  An  instance  of  such  paraly- 
sis of  the  interossei  is  shown  in  Fig.  103.  The 
forearm  muscles  are  frequently  affected,  but 
the  supinators  may  escape  when  the  other  mus- 
cles are  involved.  The  deltoid  suffers  more 
frequently  than  any  other  single  muscle  of  the 
arm.  It  may  be  paralyzed  alone  or  in  associa- 
tion with  other  muscles ;  occasionally  the  del- 
toid, supra-  and  infra-spinatus,  biceps,  and 
supinators  are  all  involved  in  the  "upper  arm 
type"  of  palsy  of  Erb*  (see  p.    96).     But  other  muscles  than  these  may 


Old  atrophic  spinal  paralysis.  Talipes  valgus 
in  the  right  leg  from  paralysis  of  the  anterior 
tibial ;  t.  varus  on  the  left  from  paralysis  or 
the  peronei. 

Fig  ioi. 


Atrophic  spinal  paralysis  affecting, 
chiefly  the  calf  muscles,  with  resulting 
contracture  of  the  flexors  of  the  foot 
causing  talipes  calcaneus. 


*  See  a  paper  by  Dr.  Beevor,  Med.-Chir.  Trans.,  188J. 
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Fig.  jo2. 


be  associated  with  the  deltoid.  In  the  case  shown  in  Fig.  103  the  del- 
toid and  intrinsic  muscles  of  the  hand  were  wasted, 
and  no  other  muscles.  The  serratus  magnus  is 
occasionally  affected,  as  in  Fig.  102  ;  in  this  case, 
although  the  left  arm  had  suffered  severely  as  the 
figure  shows,  ofl  the  right  side  only  the  serratus 
was  involved.  With  the  serratus  the  upper  part 
of  the  pectoralis  major  is  sometime  associated  in 
the  paralysis  (as  it  is  in  normal  function,  see  p. 
49),  the  lower  part  being  unaffected.  It  was  so 
in  this  boy.  The  middle  part  of  the  trapezius 
and  other  scapular  muscles  are  occasionally  in- 
volved. The  neck  muscles  rarely  suffer,  but  the 
diaphragm  is  occasionally  paralyzed.  Although 
the  intercostals  and  other  trunk  muscles  are  so 
often  weakened  in  the  early  stage,  considerable 
permanent  atrophy  is  very  rare.  Curvature  of 
the  spine  is,  however,  often  produced  in  conse- 
quence of  the  patient  being  allowed  to  sit  up 
while  the  muscles  are  weak.  It  may  be  a  lateral 
or  an  antero-posterior  curve,  according  as  the 
weakness  is  on  one  or  both  sides.  I  have  once 
seen  considerable  depression  of  the  lower  part  of 
the  wall  of  the  thorax  on  the  left  side  from  paraly- 
sis of  the  intercostal  muscles  at  the  spot,  perhaps 
combined  with  hindered  growth  of  the  ribs.  The 
muscles  supplied  by  cranial  nerves  are  scarcely 
ever  affected.  I  have  once  seen  a  complete  pa-- 
mtuSnmag™asnd  °f  the  risht  ser"    -ralysis  of  one  side  of  the  face.     It  was  associated 

with  wasting  in  the  limbs. 
The  course  of  the  disease  has  been  already  sketched.     There  are  (1)  an 
initial  stage  of  paralysis  rapidly  increasing,  often  accompanied  with  fever : 
the  duration  of  this  stage  is  from  a  few  hours  to  a  week ;    (2)  a  stationary 


Atrophic  spinal  paralysis,  infantile 
form.  Wastingof  all  the  muscles 
of  the  left  arm  from  the  deltoid 


Fig.  103. 


Atrophic  spinal  paralysis  (adult  form)  affecting  the  interossei  and  thenar 
muscles,  and  also  the  deltoid. 

period,  which  lasts  from  a  week  to  a  month;  (3)  a  stage  of  "regression," 
during  which  the  palsy  passes  away,  except  from  certain  parts  in  which 
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wasting  occurs:  this  regressive  period  usually  occupies  from  one  to  six 
months ;  (4)  a  chronic  stage,  during  which  the  atrophy  continues,  slight 
improvement  may  occur,  but  contractures  and  deformities  are  developed. 
The  duration  of  this  stage  is  indefinite.  Improvement  often  occurs  after 
three,  six,  or  twelve  months,  but  is  then  usually  slight,  and  often  more  than 
counterbalanced  by  the  interference  with  growth,  and  by  the  occurrence  of 
deformities.  Even  in  the  slightest  cases  complete  recovery  is  extremely 
rare.  On  the  other  hand,  death  from  the  disease  is  equally  uncommon,  and 
occurs  almost  exclusively  in  the  early  stage.  It  is  not  improbable  that  some 
children  die  from  the  initial  disturbance  before  its  nature  is  recognized, 
especially  in  cases  attended  by  severe  convulsions.  Now  and  then  death 
occurs  at  the  end  of  the  first  week  or  ten  days,  from  universal  paralysis  or 
from  some  cerebral  complication.  I  have  seen  one  example  of  the  latter  ; 
paralysis  in  the  arms  came  on  upon  the  third  day  of  the  initial  fever,  reached 
its  height  on  the  fifth  day,  and  then  remained  stationary.  Faradaic  irrita- 
bility on  the  seventh  day  was  lost  in  many  muscles  of  the  left  arm.  There 
was  a  little  rigidity  of  the  neck.  On  the  tenth  day  the  patient  began  to 
vomit,  and  complain  of  increased  headache,  and  had  hallucinations.  On 
the  eleventh  day  he  became  comatose  and  died.  It  is  probable  that  other 
cases  of  the  same  kind  occur,  in  which  the  exact  nature  of  the  spinal  affec- 
tion is  not  recognized. 

Sequelae,  beyond  those  mentioned  as  part  of  the  symptoms  of  the  disease, 
are  very  rare.  As  a  rule,  the  general  and  nervous  health  of  the  patients  and 
the  duration  of  life,  are  uninfluenced  by  the  local  palsy.  In  a  few  cases, 
however,  some  other  chronic  affection  of  the  spinal  cord  has  come  on  when 
the  subjects  of  infantile  paralysis  have  reached  adult  life.  Progressive  mus- 
cular atrophy  has  been  several  times  observed  to  start  from  the  paralyzed 
limb  ;  acute  and  subacute  polio-myelitis  in  adult  life  has  also  been  observed, 
■and  I  have  twice  seen  the  symptoms  of  lateral  sclerosis,  without  atrophy, 
slowly  developed,  in  one  case  at  seventeen,  in  the  other  at  twenty-eight. 
In  the  spinal  cord  of  the  subject  of  old  infantile  paralysis  there  seems  thus 
to  persist  a  disposition,  slight  though  it  be,  to  fresh  disease,  and  the  cases 
of  lateral  sclerosis  mentioned  show  that  the  liability  to  disease  is  not  limited, 
as  has  been  thought,  to  the  gray  matter.* 

Pathology. — For  a  long  time  infantile  paralysis  was  believed  to  be  a 
peripheral  affection  having  its  seat  in  the  muscles.  The  opinion  rested  on 
the  absence  of  any  knowledge  of  the  spinal  changes,  and  on  the  fact  of  the 
muscular  wasting.  But  improved  methods  of  examining  the  nerve  centres 
have  shown  that  changes  in  the  spinal  cord  invariably  exist,  and,  in  early 
cases,  have  the  characters  of  an  acute  inflammatory  lesion ;  and  we  now 
know  that  muscular  atrophy  usually  depends  on  central  disease.  Every 
gradation  exists  between  the  severe  and  the  slight  form  of  the  affection,  and 
all  known  facts  point  to  the  conclusion  that  acute  atrophic  infantile 
paralysis  is  invariably  a  disease  of  the  spinal  cord.     The  perfect  correspond- 

*  Compare  Ballet  and  Dutil,  Revue  de  Medecine,  January,  1884,  p.  18. 
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Fig.  104. 


ence  between  the  infantile  and  adult  forms  make  it  certain  that  the  latter 
have  the  same  origin,  although  pathological  facts  are  more  scanty  than  in 
the  cases  of  the  former. 

Observations  on  the  changes  in  the 
spinal  cord  in  the  early  stages  are 
few.  A  case,  recorded  by  Dr.  D. 
Drummond,  in  all  probability  one 
of  this  disease,  is  by  far  the  earliest 
on  record,  and  is  indeed  the  earliest 
possible.*  A  child,  five  years  old, 
died  after  a  few  hours'  acute  illness.  ■ 
The  spinal  cord  in  the  region  of  the 
fourth  and  fifth  cervical  nerves,  pre- 
sented undue  redness  of  the  anterior 
gray  matter.  The  vessels  running 
from  the  surface  to  the  cornu  were 
distended  with  blood.  The  micro- 
scope showed  distention  of  capillaries 
and  minute  extravasations  in  the 
gray  substance,  swelling  of  the  neu- 
roglial elements  and  of  the  ganglion 
cells,  which  were  granular  with  in- 
distinct processes.  Another  import- 
ant early  observation  is  that  of  Dr. 
Charlewood  Turner,  f  six  weeks  after 
the  onset  (Fig.  104).  In  this,  and 
other  somewhat  later  cases,  acute 
changes  have  been  found  in  the 
anterior  cornua,  more  advanced  than 
in  the  case  of  Dr.  Drummond. 
They  are  often  widely  spread  in 
slight  degree,  and  attain  consider- 
able intensity  in  one  or  more  foci, 
usually  in  the  cervical  or  lumbar 
enlargements  or  both.  At  these  spots  the  anterior  horn  is  softened  ;  some- 
times there  is  hemorrhagic  infiltration,  sometimes  an  actual  cavity  (Fig. 
104,  a,  b).  The  microscope  shows  extravasated  blood,  often  massed  along 
the  vessels  (Fig.  104,  c),  and  scattered  through  the  gray  matter  with  other 
cells  such  as  are  met  with  in  myelitis.  There  are  also  granule  corpus- 
cles and  other  products  of  degeneration  of  the  nerve  elements.  These 
elements,  and  especially  the  motor  nerve  cells,  have  almost  entirely  dis- 
appeared. Where  the  change  is  slighter  in  degree  there  is  a  leucocytal 
infiltration,  a  few  granule  corpuscles  are  seen,  while  the  nerve  cells  may  be 
structurally  intact,  but   swollen,  and   granular.     The   morbid  appearances. 


Acute  anterior  polio-myelitis  in  a  child  2j£  years  old, 
six  weeks  after  the  onset..  [After  Charlewood 
Turner?)  a.  Section  through  the  lowest  part  of 
the  lumbar  enlargement,  showing  a  cavity  visible 
to  the  naked  eye,  on  the  left  side.  b.  Left  ante- 
rior half  of  the  cord  under  alow  magnifying  power, 
showing  destruction  of  almost  the  whole  anterior 
Cornu.  c.  Portion  of  anterior  cornu  in  the  upper 
part  of  the  lumbar  enlargement.    Numerous  cor- 

{mscles  lie  in  the  granular  protoplasm  and  reticu- 
um  of  fine  fibres.  A  small  artery  is  encrusted 
with  several  layers  of  corpuscles  and  nuclei. 


*  Brain,  April,  1885. 


f  Path.  Trans.,  vol.  xxv,  p.  203. 
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may  be  confined  to  the  anterior  cornua,  or  may  extend  in  slighter  degree 
into  the  adjacent  antero-lateral  column.  The  posterior  columns  are  always 
unaffected.  In  very  severe  cases  there  may  be  signs  of  slight  local  menin- 
gitis corresponding  in  position  to  the  region  chiefly  affected.  This  region 
corresponds  to  the  origin  of  the  nerves  supplying  the  muscles  in  which  there 
is  most  wasting,,  and  the  anterior  nerve  roots,  which  arise  from  this  part, 
present  the  signs  of  acute  degeneration.  Although  early  observations  on 
the  morbid  changes  are  few,  a  large  number  of  cases  have  been  examined  at 
a  later  period,  years  after  the  onset.  The  appearances  presented  by  these 
cases  accord  with  those  in  the  early  stage,  allowance  being  made  for  the 
difference  in  time.  The  anterior  cornu  at  one  or  more  places  is  shrunken 
(Fig.  105),  and  in  part  stains  deeply  with  carmine,  in  consequence  of  its 
nervous  structures  being  replaced  by  connective  tissue,  in  part  less  deeply  in 
consequence  of  "  granular  disintegration  "  of  the  substance.  The  motor 
nerve  cells  are  absent,  partially  or  entirely.  Sometimes  a  few  shrivelled 
cells  remain,  sometimes  one  or  more  groups  may  be  unaffected ;  or  one  or 


Fig.  105. 


Atrophic'spinal  (infantile)  paralysis.  A.  First  lumbar;  the  left  anterior  cornu  is  smaller  than  the 
right,  and  its  ganglion  cells  have  disappeared  with  the  exception  of  the  inner  group,  b.  Fourth 
lumbar :  the  whole  left  half  of  the  cord  is  smaller  than  the  other :  in  consequence  of  the  diminution 
in  size  of  the  ant.  horn.  Of  the  ganglion  cells  only  a  few  remain,  belonging  to  the  antero-lateral 
group.    Similar  changes  existed  throughout  the  lumbar  enlargement.* 

two  nerve  cells  of  normal  appearance  may  alone  remain  (see  Fig.  105). 
The  antero-lateral  column  is  also  smaller  than  normal  and  may  present 
slight  sclerotic  changes,  sometimes  chiefly  contiguous  to  the  gray  substance, 
sometimes  extending  into  the  pyramidal  tract.  In  consequence  of  these 
alterations,  the  affected  half  of  the  cord  is  conspicuously  smaller  than  the 
other,  even  to  the  naked  eye.  The  consequent  alteration  in  the  shape  of 
the  cord  is  greatest  where  the  damage  to  the  gray  matter  is  most  intense. 
The  anterior  nerve  roots  at  the  most  affected  parts  are  small  and  gray,  and 
the  degeneration  of  the  motor  fibres  may  be  traced  down  the  nerve  trunks. 
Often,  however,  a  few  fibres  present  a  normal  appearance,  although  the  rest 
have  perished. 

*  For  these  sections  I  am  indebted  to  Dr.  H.  Humphreys,  of  St.  Leonards.  The  paralysis 
came  on  at  one  and  a  half  years  of  age,  two  years  before  death,  and  involved  most  of  the 
muscles  of  the  left  leg,  those  of  the  calf  in  greatest  degree,  so  that  talipes  calcaneus  had 
developed. 

17 
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The  muscular  fibres,  in  early  cases,  have  been  found  narrower  than 
normal,  and  in  a  state  of  granular  degeneration,  with  an  increase  in 
the  nuclei  of  the  sheath  and  of  the  interstitial  tissue.  Granules  and 
pigment  masses  accumulate  between  the  sarcolemma  sheaths.  In  extreme 
cases  the  degeneration  proceeds  to  complete  disappearance  of  the  fibres, 
the  place  of  which  is  occupied  by  fibrous  tracts,  developed  partly  from  the 
sarcolemma  sheaths  and  partly  from  the  interstitial  connective  tissue.  It  is 
common  to  find,  here  and  there,  a  fibre  presenting  normal  appearances. 
Sometimes  fat  accumulates  in  the  interstitial  tissue,  so  that  the  reduction  in 
the  bulk  of  the  muscle  may  not  be  so  great  a^  the  actual  wasting.  In  slighter 
cases,  in  which  partial  recovery  takes  place,  some  of  the  fibres  slowly  regain 
their  normal  -appearance,  even  though  they  have  undergone  slight  granular 
degeneration.  Usually,  however,  many  fibres  perish ;  those  which  recover 
are  smaller  than  normal,  and  the  interstitial  tissue  remains  excessive.  Thus 
the  original  volume  of  the  muscle  is  rarely  regained. 

The  brain  has  been  almost  always  found  normal.  In  one  case  with 
extensive  paralysis,  of  long  duration,  some  atrophy  was  found  in  the  motor 
region  of  the  cortex  (Sanders). 

The  symptoms  of  acute  atrophic  paralysis  indicate  disease  of  the  motor 
nerve  cells  with  consequent  degeneration  of  the  motor  nerve  fibres  which 
spring  from  them.  The  pathological  facts  fully  corroborate  the  conclusion, 
and  the  slighter  widespread  changes  in  the  anterior  cornua  agree  perfectly 
with  the  extensive  initial  palsy,  which  passes  away.  Both  the  character  of 
the  lesion  and  the  mode  of  onset,  suggest  that  it  is  inflammatory  in  character 
in  the  majority  of  cases.  In  rare  instances,  as  already  stated,  the  almost 
instantaneous  onset  suggests  that  the  lesion  is  different  in  character,  is 
vascular  in  its  nature,  probably  hemorrhage,  although  the  character  of  the 
symptoms  makes  it  probable  that  the  seat  of  the  lesion  is  the  same  as  in 
those  of  the  common  type.  These  cases  have,  moreover,  the  character  of  a 
primary  hemorrhage,  not  of  hemorrhagic  myelitis  (see  p.  281).  Signs  of 
inflammation  do  not  precede  the  sudden  onset.  Thus  these  cases,  while 
they  belong  to  the  clinical  group  of  acute  atrophic  paralyses,  cannot  at 
present  be  placed  in  the  pathological  category  of  polio-myelitis.  They 
differ  from  the  inflammatory  cases  in  another  respect,  that  the  lesion  is 
confined  to  one  part  of  the  cord,  whereas  in  the  cases  that  are  certainly 
myelitic,  it  is  frequent  for  different  parts  of  the  cord  to  be  damaged. 

The  wide  distribution  of  the  lesion  in  the  latter  cases,  and  its  varying 
degree  in  different  parts  of  the  gray  matter,  seem  to  preclude  the  theory 
that  the  mischief  is  set  up  by  an  initial  vascular  lesion,  such  as  thrombosis. 
It  is  to  be  remarked,  however,  that  when  the  disease  is  in  the  cervical 
region,  paralysis  of  the  legs  does  not  show  that  the  lumbar  enlargement  is 
also  diseased  unless  there  is  loss  of  irritability  in  the  leg  muscles  or  abolition 
of  reflex  action  in  the  legs.  They  may  be  completely  paralyzed  for  a  time 
by  the  damage,  in  the  cervical  region,  to  the  adjacent  lateral  columns,  which 
occurs  in  rare  cases  in  which  the  inflammation  of  the  gray  matter  is  very 
intense. 
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Diagnosis. — This  rarely  presents  any  difficulty  except  in  the  early  stage. 
When  the  initial  paralysis  is  passing  away,  and  the  wasting  is  distinct,  the 
nature  of  the  case  is  sufficiently  evident,  and  is  corroborated  by  the  electrical 
reactions,  by  the  loss  of  reflex  action,  and  by  the  absence  of  any  impairment 
of  sensibility.  At  the  onset,  however,  the  symptoms  may  readily  be  misin- 
terpreted. Initial  febrile  disturbance  is  naturally  ascribed  to  some  general 
cause  until  nervous  symptoms  manifest  themselves.  Even  then  there  is  risk 
of  error.  On  the  one  hand,  as  we  have  seen,  a  diagnosis  of  a  general  disease 
is  not  always  relinquished  when  paralysis  appears,  but  the  latter  is  regarded 
as  secondary.  On  the  other  hand,  especially  in  young  children,  the  exist- 
ence of  paralysis  is  often  overlooked  at  first,  and  it  is  supposed  that  the  child 
does  not  move  because  it  is  prostrate.  This  error  will  not  be  made  if  it  is 
remembered  that  mere  prostration  never  causes  total  immobility,  and  a 
fortiori  it  does  not  produce  local  immobility.  When  the  pyrexia  ceases, 
and  the  loss  of  power  persists  and  increases,  the  existence  of  paralysis  is 
always  unmistakable.  The  initial  general  disturbance  must  then  be  regarded 
as  part  of  the  disease,  unless  there  is  the  clearest  evidence  of  its  independent 
nature. 

In  adults,  the  danger  of  mistaking  paralysis  for  prostration  is  considerably 
less,  but,  on  the  other  hand,  the  general  symptoms  are  as  likely  to  be  misin- 
terpreted as  in  the  case  of  children.  The  rheumatoid  pains,  which  are  so 
common,  are  usually  regarded  as  evidence  of  acute  rheumatism,  especially 
when  the  affection  follows  exposure  to  cold.  When  severe  rheumatoid  pains 
are  not  localized  in  the  joints,  and  especially  when  they  are  spontaneous, 
and  not  influenced  by  movement,  the  possibility  of  their  spinal  origin  should 
be  remembered,  and  other  indications  of  spinal  mischief,  such  as  local  loss 
of  power,  tingling  or  formication,  should  be  carefully  watched  for  and 
receive  due  weight. 

Of  other  spinal  cord  diseases,  all  chronic  lesions  are  distinguished  at  once 
by  their  slow  onset  and  gradual  development.  There  should  thus  be  no 
danger  of  confusing  the  disease  with  any  chronic  form  of  muscular  atrophy. 
From  other  acute  diseases,  moreover,  the  distinction  is  only  difficult  in  the 
early  stage.  As  soon  as  the  initial  palsy  begins  to  clear,  and  the  muscles  in 
one  part  begin  to  waste,  the  nature  of  the  case  admits  of  no  doubt.  In  the 
early  period  of  the  paralytic  stage,  the  disease  may  be  suspected  if  the  paraly- 
sis is  of  wide  extent,  and  the  diagnosis  may  be  made  with  certainty  about 
the  end  of  the  first  week  by  the  electrical  reaction.  Care  is  necessary  in 
making  the  examination,  but  if  properly  conducted  it  is  not  attended  with 
the  slightest  risk.  Faradaism  will  give  all  the  information- required,  because 
if  we  find  acute  loss  of  faradaic  irritability,  it  is  certain  that  the  characteristic 
alteration  in  voltaic  irritability  will  follow.'  The  isolated  faradaic  shocks 
may  be  employed  with  advantage,  because  the  condition  can  be  thus  ascer- 
tained with  much  less  stimulation  of  the  sensory  nerves  than  if  the  current  is 
employed. 

Acute  transverse  myelitis,  affecting  the  dorsal  region,  causes  paralysis  of 
the  legs,  but,  the  lumbar  enlargement  being  intact,  there  is  no  loss  of  electric 
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irritability.  Moreover,  reflex  action  is  not  lost  (except  during  the  first  day 
or  two)  as  it  is  in  the  polio-myelitis,  and  at  the  end  of  a  week  the  myotatic 
irritability  becomes  excessive,  giving  rise  to  an  increased  knee  jerk  and  the 
ankle  clonus.  Sensation  is  usually  impaired  at  first.  The  sphincters  are 
usually  affected,  but  since  they  are  sometimes  paralyzed  in  polio-myelitis, 
this  indication  is  not  absolute.  If  wasting  occurs  in  these  cases  at  a  later  stage, 
it  is  moderate  and  general,  and  is  attended  with  no  change  in  electric  irrita- 
bility or  only  with  a  slight  diminution  to  both  currents.  But  transverse  mye- 
litis, if  seated  in  the  cervical  or  lumbar  enlargement,  causes  symptoms  which 
very  closely  resemble  those  of  severe  cornual  myelitis,  since  the  gray  matter 
is  always  implicated,  and  rapid  wasting  occurs  with  the  same  electrical  reac- 
tions. Indeed,  the  two  conditions  cannot  always  be  separated,  since  a 
severe  cornual  myelitis  involves  the  adjacent  lateral  columns,  and  so  is,  in 
a  degree,  transverse.  And  yet  the  diagnosis  may  often  be  made — by  the 
affection  of  the  sensory  tract,  and  by  the  greater  degree  of  affection  of  the 
lateral  columns,  and  the  occurrence  of  bedsores,  in  transverse  myelitis,  or  by 
the  indications  of  slighter  disease  elsewhere  in  cornual  myelitis.  Thus 
transverse  myelitis  in  the  cervical  region  causes  total  and  long-continued 
paralysis  of  the  legs,  often  with  anaesthesia ;  in  cervical  cornual  myelitis  the 
paralysis  of  the  legs,  if  it  occurs,  is  incomplete,  and  soon  improves,  while 
sensation  is  unaffected.  In  cornual  myelitis  of  the  lumbar  enlargement  there 
may  be  slight  and  transient  paralysis  of  one  or  both  arms — an  indication 
that  the  morbid  process  is  disseminated  in  distribution,  which  is  absent  in 
transverse  lumbar  myelitis.  In  extensive  spinal  hemorrhage  the  paralysis  is 
absolute ;  there  is  pain  in  the  back,  and  affection  of  the  sphincters,  while 
bedsores  rapidly  form,  and  the  onset  is  sudden.  Cornual  hemorrhage,  as 
already  stated,  is  distinguishable  from  cornual  myelitis  only  by  the  sudden- 
ness of  the  onset.  The  separation  of  subacute  from  acute  myelitis  of  the  gray 
substance  is,  to  a  large  extent,  arbitrary.  The  symptoms  are  similar,  but  the 
mode  of  onset  is  less  rapid  and  occupies  more  than  a  week.  The  distinction 
of  diphtheritic  paralysis  and  of  multiple  neuritis  is  from  the  subacute  rather 
than  the  acute  spinal  atrophies,  and  is  considered  in  the  next  section. 

The  diagnosis  from  paralysis  of  cerebral  origin  is  usually  easy.  It  has  to 
be  made  chiefly  when  the  palsy  is  bilateral  or  hemiplegic,  or,  in  the  chronic 
stage,  when  the  arm  is  paralyzed  and  the  case  simulates  hemiplegia  with 
recovery  of  the  leg.  Careful  attention  to  the  symptoms  will  generally  pre- 
vent error.  Loss  of  faradaic  irritability  never  occurs  in  cerebral  paralysis, 
nor  does  extreme  muscular  wasting.  The  skin  reflexes  may  be  lost  in  each, 
but  the  muscle-reflex  action  (myotatic  irritability)  which  is  lost  in  the  spinal 
affection  is  always  preserved,  and  often  excessive,  in  cerebral  palsy.  In  the 
latter,  in  children,  mobile  spasm  and  spastic  incoordination  are  common  in 
the  hand,  while  in  spinal  infantile  paralysis  they  are  always  absent.  Slight 
paralysis  (or  spasmodic  over-action)  is  common  in  the  face  of  cerebral  hemi- 
plegia. Any  cerebral  symptoms  which  may  attend  the  onset  of  polio- 
myelitis, convulsions,  delirium,  diplopia,  headache,  are  brief  in  duration, 
whereas  in  cerebral  lesions  they  may  be  very  severe  and  continue  for  some 
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weeks.  The  convulsions  which  attend  the  onset  of  infantile  spinal  paraly- 
sis are  general,  while  in  a  cerebral  lesion  they  are  usually  unilateral  or  com- 
mence unilaterally. 

The  exceedingly  slow  onset  of  pseudo-hypertrophic  paralysis,  developing 
gradually,  as  it  does,  with  the  child's  growth,  ought  to  render  its  confusion 
with  polio-myelitis  impossible.  Cases  in  which  the  muscles  are  small  instead 
of  large,  are  sometimes  confounded  with  acute  spinal  paralysis,  but  only  by 
inattention  to  the  absolute  distinction  of  the  mode  of  onset. 

Diseases  outside  the  nervous  system  which  have  been  mistaken  for  infant- 
ile paralysis  are  chiefly  those  in  which  local  pain  interferes  with  the  move- 
ment of  the  limbs,  and  the  child  is  young.  I  have  known,  for  instance, 
the  mistake  to  be  made  in  the  case  of  hip-joint  disease,  necrosis  of  the  femur, 
and  the  affection  termed  "  scorbutic  rickets,"  in  which  there  is  enlargement 
of  the  shafts  of  the  long  bones,  extreme  pain  on  movement,  and  spongy 
gums.  In  all  these  cases,  a  careful  examination  will  show  that  movemeat  is 
interfered  with  only  by  the  pain ;  there  is  no  actual  paralysis,  and  there  is 
no  interference  with  reflex  action.  The  preservation  of  the  myotatic  irrita- 
bility is  often  of  considerable  assistance  in  these  cases.  It  is  common,  for 
instance,  for  the  extension  of  the  knee  to  be  interfered  with,  but  the  pres- 
ervation of  the  knee  jerk  at  once  proves  that  atrophic  paralysis  is  not  the 
cause  of  the  defect. 

Prognosis. — The  danger  to  "life,  in  cases  in  which  the  nature  of  the  dis- 
ease is  recognized,  is  extremely  small,  but  it  is  possible  that  children  some- 
times die  from  the  severity  of  the  initial  general  disturbance,  before  the 
development  of  the  characteristic  paralytic  symptoms.  In  the  stage  of  pa- 
ralysis there  is  danger  to  life  only  when  the  chief  disease  is  in  the  cervical 
region.  Death  may  occur  at  the  end  of  a  week  or  ten  days  from  interfer- 
ence with  respiration  ;  the  degree  of  which  is  a  measure  of  the  danger  to 
life.  Definite  cerebral  symptoms  are  also  of  very  grave  significance.  In  the 
vast  majority  of  cases  the  disease  entails  no  immediate  danger  to  life.  But 
children  are  left  with  little  power  of  resistance  to  other  morbid  influences, 
and  occasionally  succumb  to  some  other  illness,  as  an  acute  specific  dis- 
ease, or  an  attack  of  bronchitis,  a  few  weeks  or  months  after  the  onset  of  the 
paralysis. 

As  soon  as  the  paralysis  has  become  stationary,  /.  e . ,  has  not  increased  for 
twenty-four  hours,  the  danger  of  further  extension  is  extremely  small.  But 
the  question  at  once  arises,  and  is  anxiously  asked,  What  will  be  the  per- 
manent condition?  Will  there  be  lasting  paralysis?  An  answer  cannot  be 
given  until  the  end  of  the  first  week  or  ten  days,  and  then  only  by  means  of 
an  electrical  examination.  Whatever  muscles,  at  the  end  of  that  time,  have 
lost  faradaic  irritability,  will  certainly  waste  and  remain  for  a  long  time 
paralyzed.  On  the  other  hand,  if  there  is  no  loss  of  irritability  at  the  end 
of  ten  days,  but  it  is  apparent  at  the  end  of  a  fortnight  or  three  weeks,  the 
wasting  will  be  slighter  in  degree,  and  considerable  ultimate  recovery  may 
be  confidently  looked  for  even  in  the  most  affected  part.  Where  there  is 
no  loss  of  irritability,  the  paralysis  will  pass  away  in  the  course  of  a  few 
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weeks,  or  at  most  of  a  few  months.  Where  irritability  is  lost  tardily,  there 
will  be  wasting  and  paralysis  for  several  months.  Where  irritability  is  lost 
early  the  wasting  will  be  rapid  and  great,  the  paralysis  will  last  for  one  or  several 
years,  and  it  is  unlikely  that  perfect  recovery  will  take  place.  Without  an 
electrical  examination  it  is  necessary  to  wait  longer  before  a  prognosis  can 
be  given,  until  distinct  wasting  on  the  one  hand  and  improvement  on  the 
other,  indicate  the  region  in  which  the  paralysis  will  persist  and  in  which  it 
will  pass  away. 

In  the  chronic  stage  the  prospect  of  ultimate  recovery  depends  on  the 
rate  at  which  wasting  develops,  on  the  electrical  reaction,  and  on  the  dura- 
tion of  the  case.  Where  the  wasting  is  great  and  has  been  rapid,  and  fara- 
daic  irritability  is  entirely  absent,  although  some  recovery  may  occur,  it  is 
not  likely  to  be  complete,  and  if  this  condition  exists  a  year  after  the  onset, 
it  is  improbable  that  more  than  very  slight  improvement  will  occur.  On 
the  other  hand,  if,  at  the  end  of  one  or  two  months,  some  faradaic  irrita- 
bility can  be  still  detected,  although  low  in  degree  (t.  e.,  elicited  only  by  a 
strong  current),  considerable  improvement  is  probable,  and  actual  recovery 
is  possible  at  the  end  of  six  or  eight  months.  It  is  necessary,  in  the  case  of 
children,  to  remember,  and  warn  the  friends,  that  the  growth  of  the  most 
affected  limb  will  be  hindered,  and  that  this,  in  the  case  of  the  leg,  may 
render  the  effect  of  the  paralysis  more  obtrusive  by  its  interference  with  the 
gait,  although  real  improvement  may  be  taking  place. 

Treatment. — The  treatment  of  the  acute  stage  of  the  disease  is  essen- 
tially the  same  as  that  of  myelitis,  already  described,  and  the  rules  and 
principles  already  stated  need  not  be  here  repeated.  In  the  initial  stage  it 
should  be  that  of  general  febrile  disturbance,  consequent  on  a  local  inflam- 
mation. In  such  a  disease,  in  which  there  is  a  natural  tendency  for  the 
morbid  process  to  cease  to  spread,  and  then  to  lessen  in  extent,  the  difficulty 
of  ascertaining  the  actual  effect  of  the  drugs  employed  is  extremely  great, 
and  hence  the  very  different  opinions  which  have  been  expressed  regarding 
their  influence. 

When  the  acute  stage  is  over  and  the  condition  of  the  patient  is  stationary, 
the  general  treatment  should  be  tonic,  iron  and  quinine  being  the  most  use- 
ful. The  influence  of  strychnine  is  also  probably  beneficial,  although  its  use 
is  undesirable  while  the  motor  elements  of  the  cord  are  the  seat  of  an  active 
morbid  process. 

Electricity  has  been  strongly  advocated,  and  largely  used,  in  the  treat- 
ment of  this  disease,  and  there  is  reason  to  believe  that  it  is  useful,  although 
its  influence  has  been  much  exaggerated.  In  no  sense  is  it  a  curative  agent, 
and  there  is  no  evidence  that  its  application  to  the  spine  is  capable  of 
increasing  the  degree  or  accelerating  the  course  of  the  recovery  of  the  nerve 
elements.  Nor  is  it  easy  to  obtain  evidence  of  its  influence  over  the  mus- 
cles. If  the  wasting  is  rapid,  this  progresses  in  spite  of  daily  and  sedulous 
applications.  Nevertheless,  its  demonstrable  effect  on  the  muscles  in  caus- 
ing their  contraction  must  have  an  influence  in  the  right  direction  upon  their 
nutrition.     Faradisation  is  useless,  since  the  muscles  cannot  respond  to  it, 
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but  to  the  voltaic  current  they  act  readily,  and  their  daily  stimulation  by  its 
means  tends  to  maintain  their  contractility.  This  is,  it  is  true,  of  no  avail 
if  no  recovery  takes  place  in  the  spinal  cord,  but  in  most  cases  some  recov- 
ery in  the  cord  does  occur,  and  when,  after  months,  the  nerve  elements 
regain  the  power  of  conducting  the  voluntary  impulse,  the  muscles  are  in  a 
better  condition  to  respond  to  it,  if  they  have  been  regularly  galvanized, 
than  if  they  have  been  left  alone,  a  prey  to  unhindered  degenerative  pro- 
cesses. The  influence  of  electricity  is  clearly  shown  by  cases  in  which  no 
treatment  has  been  adopted  for  six  or  twelve  months  after  the  onset.  No 
response  may  at  first  be  obtained  to  the  current,  but  after  a  few  applications 
contractility  returns,  and  is  often  followed  by  slight  voluntary  power.  The 
mode  of  application  should  be  to  place  the  positive  electrode  on  the  upper 
part  of  the  muscle  and  to  stroke  the  negative  down  it.  The  application  can 
be  made  perfectly  well  by  an  intelligent  nurse,  since  the  diffusion  of  the 
voltaic  current  is  so  great  that  there  is  not  the  same  necessity  for  the  exact 
localization  of  the  electrodes,  as  in  the  use  of  faradaism.  Large  well-wetted 
sponges  should  be  used.  The  current  should  be  no  stronger  than  will  cause 
distinct  contraction  in  the  muscle.  In  young  children  the  application  some- 
times occasions  considerable  emotional  disturbance.  This  may  often  be 
avoided  by  commencing  with  a  very  weak  current.  It  is  better,  indeed,  to 
commence  with  no  current  at  all,  applying  the  sponges  in  the  way  directed, 
so  that  the  child  may  be  familiar  with  them,  and  cease  to  fear  them.  Then 
two  or  three  cells  may  be  used,  and  the  strength  gradually  increased  day  by 
day.  In  this  way  a  current  strong  enough  to  cause  contraction  will  often 
be  tolerated.  If,  however,  in  spite  of  these  precautions,  this  strength  can- 
not be  employed  without  distressing  and  disturbing  the  child,  the  attempt 
to  obtain  muscular  contraction  should  not  be  persevered  in,  but  only  such  a 
current  employed  as  does  not  disturb  the  child.  The  influence  of  the  cur- 
rent, if  slighter,  is  still  in  the  right  direction,  and  the  slightly  greater  influ- 
ence of  the  stronger  current  is  more  than  counterbalanced  by  the  harm 
caused  by  daily  severe  emotional  distress.  The  electrical  treatment  may  be 
commenced  at  the  end  of  the  third  or  fourth  week  after  the  onset.  It 
should  not  be  used  earlier,  lest  it  excite  increased  disturbance  in  the  spinal 
cord.  The  application  need  only  be  made  to  those  muscles  in  which  fara- 
daic  irritability  is  lowered  or  lost.  Other  muscles  will  either  •  recover  per- 
fectly without  its  aid,  or  (as  in  the  case  of  paralysis  of  the  legs  from  implica- 
tion of  the  lateral  columns  in  the  cervical  region)  will  be  uninfluenced  by 
electricity. 

Another  measure  which  should  be  employed  is  systematic  rubbing  of  the 
limbs.  This  stimulates  the  circulation;  which  is  always  defective,  as  the 
blue,  cold  surface  shows.  It  no  doubt  also  increases  the  movement  of  the 
fluids  in  the  tissue  outside  the  vessels,  and  so  probably  increases  the  inter- 
change of  material.  The  muscles  should  be  daily  rubbed,  and  kneaded,  and 
gently  pinched.  The  rubbing  should  be  especially  upward,  so  as  to  expe- 
dite the  movement  of  the  blood  in  the  veins.  No  liniment  is  needed  ;  the 
uncovered  hand  answers  best.     Cod-liver  oil  is  sometimes  rubbed  in.  There 
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is  no  other  objection  to  this  than  that  it  is  apt  to  distract  the  attention  of 
the  rubber  from  the  real  object,  and  therefore  from  the  proper  method  of  the 
rubbing.  But  the  oil  does  not  reach  the  deeper  structures  of  the  limb  sooner 
or  in  greater  degree  than  if  taken  into  the  stomach.  Great  care  should  be 
taken,  at  all  times,  to  keep  the  affected  limbs  as  warm  as  possible. 

In  all  cases  in  which  the  back  muscles  are  weak,  even  in  slight  degree, 
bronchial  catarrh  must  be  guarded  against  with  great  care.  In  all  such 
cases  the  muscles  of  respiration  are  weakened,  and  although  normal  breath- 
ing may  not  be  impaired,  the  diminution  in  strength  may  render  an  acute 
bronchial  catarrh  rapidly  fatal,  and  this  even  months  after  the  onset  of  the 
paralysis. 

A  very  important  element  in  the  management  of  the  chronic  stage  is  the 
prevention  and  treatment  of  the  muscular  contractions,  and  of  the  deformi- 
ties to  which  these  give  rise.  The  contractions  cannot  be  entirely  hindered, 
but  they  may  often  be  prevented  reaching  a  high  degree  by  careful  attention 
to  the  position  of  the  limbs,  and  by  watching  for  and  treating  the  earliest 
indication  of  shortening  of  the  muscles.  It  is  needless  to  discuss  in  detail 
the  varied  influence  of  posture  in  these  cases  ;  careful  and  frequent  examina- 
tion of  the  patient  will  show  whether  any  deviation  from  normal  relations  is 
being  developed,  and  its  counteraction  is  chiefly  a  matter  of  common  sense, 
and  a  little  practical  ingenuity.  Of  especial  importance,  however,  are  the 
prevention  of  the  curvatures  of  the.  spine  which  are  caused  by  allowing  the 
patient  to  sit  up  before  the  back  muscles  have  regained  the  necessary  power, 
and  the  prevention  of  the  contraction  of  the  flexors  of  the  hip  and  knee 
joints  which  occurs  when  the  patient  is  allowed  to  lie  in  bed  with  the  legs 
drawn  up.  More  difficult  of  prevention  is  the  contraction  of  the  calf  mus- 
cles, often  aggravated  in  consequence  of  the  lessened  growth  of  the  limb. 
Something  may  be  done  during  the  process  of  rubbing,  for  the  prevention  of 
deformities.  While  the  contracted  muscles  are  rubbed  upward,  they  should 
be  extended  gently  but  firmly.  Thus,  if  the  calf  muscles  are  shortened  the 
foot  should  be  steadily  pressed  upward  while  the  calf  is  rubbed.  A  light 
Scarpa's  slipper,  worn  at  night,  often  aids  in  overcoming  the  contraction  of 
the  ankle  joint.  For  developed  deformities,  due  to  great  shortening  of 
the  muscles,  surgical  treatment  by  splints  or  tenotomy  is  usually  necessary. 

Mechanical  appliances  are  of  unquestionable  value  in  the  treatment  of 
these  cases  during  the  chronic  stage.  They  tend  to  counteract  deformities, 
and  to  supplement  weak  muscles.  Thus  they  often  enable  a  child  to  walk, 
who  could  not  do  so  without  their  aid.  Achieving  this  they  also  do  more. 
If  a  child  cannot  attempt  to  walk,  muscles  are  unused  which  have  regained 
some  power,  and  power  is  often  increased  to  a  remarkable  extent  when  instru- 
mental aid  enables  these  muscles  to  be  brought  into  active  use.  In  all  these 
cases,  however,  the  instruments  require  frequent  attention  and  alteration  to 
adapt  them  to  the  changes  due  to  growth.  Much  patience  and  perseverance 
are  required  in  the  management  of  the  case  through  its  long  and  tedious 
course. 
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SUBACUTE  AND  CHRONIC  ATROPHIC  SPINAL  PARALYSIS 
(subacute  and  chronic  polio-myelitis). 

Under  this  designation  cases  have  been  described  in  which  paralysis,  fol- 
lowed by  muscular  atrophy,  comes  on  less  rapidly  than  in  the  acute  form, 
its  development  occupying  from  ten  to  thirty  days,  in  the  cases  which  are 
termed  "subacute,"  and  from  one  to  six  months  or  even  more,  in  those 
which  are  called  "chronic."  The  shorter  the  period  occupied  by  the 
.  development  of  the  disease,  the  more  distinctly  does  weakness  precede  wast- 
ing, and  the  more  marked  is  the  degenerative  reaction  in  the  muscles.  But 
the  cases  included  under  this  name  differ  much  in  their  characters,  and  cer- 
tainly belong  to  several  distinct  forms  of  disease.  Some  are  diseases  of  the 
spinal  cord,  others  are  diseases  of  the  nerves.  The  spinal  forms  are  rare. 
The  majority  of  instances  of  the  subacute  form  are  examples  of  multiple  neu- 
ritis. The  cases  of  atrophic  paralysis  in  which  the  onset  is  not  acute  may  be 
placed  in  three  classes. 

(i)  Cases  of  subacute  cornual  myelitis  which  differ  from  the  acute  form, 
already  described,  only  in  their  slower  development.  They  present  the 
same  initial  general  disturbance,  and  wide  extent,  and  the  same  recovery, 
except  in  a  limited  region  in  which  muscular  wasting  occurs.  Most  of  the 
sufferers  have  been  adults.  Little  is  known  of  the  exciting  causes  of  this 
form  further  than  that  it  certainly  sometimes  follows  exposure  to  cold. 
Frequently,  however,  no  cause  has  been  traced.  The  symptoms  and  gene- 
ral history  of  these  cases  present  no  important  difference  from  the  acute 
form. 

(2)  Cases  which  differ  from  the  type  just  described  in  the  important  char- 
acteristic that  their  course  is  progressive  instead  of  being  regressive.  The 
onset  is  subacute  or  subchronic,  occupying  from  a  fortnight  to  several 
months,  but  instead  of  arrest  followed  by  improvement,  the  more  or  less 
rapid  onset  is  followed  by  slower  gradual  increase,  until  at  last  widespread 
chronic  musclar  atrophy  is  developed.  This  variety  was  first  described  by 
Duchenne  in  1849.  By  some  it  has  been  regarded  as  merely  a  chronic  form 
of  the  acute  affection,  but  the  difference  in  course  makes  it  probable  that, 
as  Erb  suggests,  it  is  really  a  distinct  malady.  This  form  also  is  chiefly 
confined  to  adults.  It  occasionally  results  from  cold,  and  sometimes  from 
injury,  as  a  fall  on  the  back.  Intemperance  and  venereal  excesses  are  also 
said  to  cause  it.  The  widespread  muscular  atrophy  which  sometimes  results 
from  lead-poisoning  is  probably  of  the  same  nature. 

In  the  subacute  cases  there  may  be  slight  fever  at  the  onset.  Pain  in  the 
back  is  common,  and  sometimes  there  is  tingling  or  formication  in  the  limbs. 
Loss  of  power  usually  commences  in  the  legs,  and  steadily  increases,  with 
loss  of  all  reflex  action,  but  with  no  affection  of  sensibility.  Muscular  wast- 
ing occurs  irregularly,  some  groups  of  muscles  being  chiefly  involved.  The 
upper  limbs  are  affected  after  the  lower,  but  in  a  similar  manner.  The  mus- 
cles usually  present  the  degenerative  reaction,  loss  of  faradaic  irritability 
with  increased  and  altered  voltaic  irritability,  but  in  some  cases,  in  conse- 
quence of  the  unequal  affection  of  the  nerve  fibres,  there  is  the  mixed  form 
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of  degenerative  reaction  (p.  45),  faradaic  irritability  is  preserved  in  the 
nerve,  while  in  the  muscles  voltaic  irritability  is  increased  and  altered.  In 
many  of  the  more  chronic  cases,  however,  there  is  a  simple  loss  to  both  fara- 
daism  and  voltaism.  The  sphincters  almost  invariably  escape.  Loss  of 
power  usually  precedes  wasting.  In  some  cases,  the  affection  exhibits  a  per- 
sistently progressive  character,  muscular  atrophy  slowly  increases  and 
extends,  until  the  case  ultimately  resembles  one  of  progressive  muscular 
atrophy,  and  the  patient  dies  at  the  end  of  one  or  two  years  from  exhaust- 
ion, or  from  interference  with  the  respiratory  movements.  In  other  cases, 
the  atrophy,  after  slowly  progressing  for  many  months,  becomes  stationary, 
and  considerable  improvement  may  ultimately  take  place.  This  course  is 
seen  especially  in  traumatic  cases.  Few  observations  on  the  pathological- 
anatomy  of  the  affection  have  been  made.  Cornil  and  Lupine  found,  in 
one  case,  at  the  end  of  four  years,  softening  of  the  lower  part  of  the  spinal 
cord,  chiefly  in  the  anterior  cornua,  disappearance  of  the  ganglion  cells, 
increase  of  the  connective  tissue,  and  sclerosis  of  the  white  substance  around 
the  anterior  horns.  The  diagnosis  from  the  first  form  rests  on  the  slow  pro- 
gressive,onset  and  course  of  the  disease,  and  the  fact  that  it  either  does  not 
become  stationary  at  all,  or  not  until  after  many  months.  Although  the 
•  degenerative  reaction  may  be  present  in  the  muscles,  it  is  frequently  absent, 
and  this  is  another  distinction  from  the  acute  variety.  On  the  other  hand, 
the  fact  that  paralysis  precedes  wasting  is  a  distinction  from  progressive  mus- 
cular atrophy.  In  the  most  chronic  form,  however,  this  distinction  fails, 
and  cases  are  met  with  which  present  a  gradation  between  the  two  diseases. 
The  prognosis  is  grave  except  in  traumatic  cases,  but  is  influenced  by  the 
observed  rate  of  progress,  and  the  presence  or  absence  of  any  indications  of 
arrest.  When  the  result  of  injury,  considerable  improvement  is  not  uncom- 
mon, and  it  is  remarkable  how  great  a  degree  of  paralysis  and  atrophy  may, 
in  these  cases,  ultimately  pass  away  almost  completely.  The  treatment  of 
the  disease  must  be  influenced  by  the  rapidity  of  its  onset.  In  the  subacute 
stage  and  form  it  should  be  conducted  on  the  same  principles  as  that  of  acute 
cornual  myelitis.  In  the  chronic  form  the  treatment  must  be  the  same  as 
for  progressive  muscular  atrophy. 

(3)  There  is  no  doubt  that  many  subacute  and  chronic  cases,  which  have 
been  described  as  atrophic  spinal  paralysis,  are  peripheral,  not  central  in 
their  nature,  and  are  cases  of  multiple  neuritis,  the  symptoms  and  diagnostic 
indications  of  which  have  been  already  described.  The  history  of  the  sub- 
acute spinal  disease  has  been  largely  written  from  cases  of  multiple  neuritis. 


ACUTE  ASCENDING  PARALYSIS. 

Several  diseases  cause  rapid  palsy,  which  comme'nces  in   the  legs  and 

ascends  to  the  muscles  of  the  trunk,  the  arms,  muscles  of  the  neck,  the 

diaphragm  and  the  pharynx.     Such  ascending  paralysis  may  be  caused  by 

meningeal  hemorrhage,    and  by  ascending  myelitis,  but  it  occurs  also  in 
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cases  in  which  the  other  symptoms  of  these  lesions  are  absent,  and  in  which 
the  spinal  cord,  after  death,  appears  healthy  to  both  naked  eye  and  micro- 
scopical examination. 

The  pathological  nature  of  these  cases  is  mysterious,  but  they  cannot  be 
■classed  with  other  recognized  lesions  of  the  spinal  cord.  The  affection  has 
been  provisionally  termed  "acute  ascending  paralysis  "  or  " acute  general 
paralysis,"  in  the  absence  of  any  evidence  of  its  nature.  It  was  first 
described  by  Landry  in  1859,  and  hence  is  often  called  Landry' s  paralysis. 
Acute  ascending  paralysis  is  a  formidable  malady,  most  cases  proving  fatal 
in  a  few  days. 

Causes. — The  remote  etiology  of  the  disease  resembles,  in  general,  that 
of  acute  myelitis.  The  disease  affects  males  more  frequently  than  females. 
It  occurs  chiefly  between  twenty  and  forty  years  of  age,  but  has  been 
observed,  in  rare  cases,  in  older  and  younger  persons,  and  even  in  children. 
Severe  exposure  to  cold  has  been  the  exciting  cause  in  many  instances. 
The  symptoms  have  occasionally  come  on  during  convalescence  from  some 
general  disease,  smallpox,  diphtheria,  typhoid  fever.  The  affection  has  been 
ascribed  to  syphilis,  and  the  symptoms  have  been  said  to  pass  away  under 
antisyphilitic  treatment.  Difficult  as  it  is  to  conceive  by  what  mechanism 
this  cause  can  be  effective,  many  cases  of  the  kind  have  been  described. 

Symptoms. — Premonitory  symptoms  have  been  noted  in  a  few  cases — 
general  malaise,  pains  in  the  head  and  back,  tingling  in  the  extremities — 
for  a  few  days  or  a  week  before  the  onset.  The  first  definite  symptom  is 
usually  weakness  of  the  legs,  often  commencing  in  one  and  spreading  to  the 
•other.  The  weakness  increases  rapidly,  so  that  the  power  of  standing  is  lost, 
sometimes  in  a  few  hours,  sometimes  at  the  end  of  two  or  three  days,  and  it 
goes  on  to  complete  paralysis,  with  relaxation  of  the  muscles.  As  the  legs 
become  motionless  the  muscles  of  the  trunk  become  weak,  first  those  of  the 
pelvis,  loins,  and  abdomen,  then  of  the  thorax.  The  weakness  next  invades 
the  arms  ;  either  the  upper  arm  muscles  or  those  of  the  forearm  and  hand 
may  be  first  attacked,  and  one  arm  is  often  weakened  before  the  other.  The 
paralysis  of  the  arms  may  become  absolute,  like  that  of  the  legs,  or  some 
power  of  movement  may  remain.  The  diaphragm  and  neck  muscles  then 
suffer,  and  difficulty  of  swallowing  comes  on,  sometimes  with  paralysis  of  the 
palate,  and  often  speech  becomes  difficult,  nasal,  and  indistinct.  The  ina- 
bility to  swallow  may  become  so  great  that  the  patient  has  to  be  fed  through 
a  tube,  and  the  paralysis  may  involve  the  muscles  of  articulation  to  such  an 
extent  that  utterance  may  be  altogether  unintelligible.  There  is  dyspnoea 
from  the  weakness  of  the  muscles  of  respiration. 

■  The  tingling  and  analogous  subjective  sensory  disturbance  have  been  fol- 
lowed, in  some  cases,  by  hypersesthesia  of  the  skin,  and  tenderness  of  the 
muscles.  There  may  be  some  blunting  of  sensibility  in  the  extremities  as 
the  paralysis  becomes  absolute,  but  there  is  no  considerable  loss  of  sensation. 
A  firm  touch  can  usually  be  perceived  anywhere ;  perception  of  painful 
impressions  and  of  heat  or  cold  is  sometimes  delayed.  At  first  reflex  action 
is  lost  in  the  affected  limbs,  both  cutaneous  reflex  action  and  myotatic  irrita- 
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bility.  In  cases  rapidly  fatal  the  loss  has  continued  till  death.  In  cases 
that  have  recovered,  reflex  action  has  returned,  but  recorded  cases  have  pre- 
sented considerable  differences  in  this  respect,  and,  as  there  is  some  doubt 
as  to  the  nature  of  many  non-fatal  cases,  there  is  some  uncertainty  as  to  this 
point.  In  some  the  myotatic  irritability  has  soon  returned  and  has  even 
become  excessive.  In  others  it  has  remained  absent,  and  not  until  all  para- 
lytic symptoms  have  disappeared,  has  the  knee  jerk  returned. 

In  spite  of  the  early  flaccidity  of  the  muscles,  if  life  is  prolonged  they 
present  neither  wasting  nor  change  in  electrical  irritability.  A  trifling 
reduction  in  size  may  occur,  but  there  is  no  muscular  atrophy  such  as  occurs 
in  polio-myelitis,  and  even  after  several  weeks  the  most  careful  examination 
fails  to  reveal  any  abnormal  electrical  reaction.  According- to  observations 
by  Remak  and  others,  this  may  be  regarded  as  characteristic  of  the  disease. 
The  sphincters,  moreover,  escape  in  the  vast  majority  of  cases,  but  not  in 
all ;  there  is  no  tendency  to  the  occurrence  of  bedsores.  The  cerebral  func- 
tions are  not  involved,  and  the  state  of  the  patient  who,  with  unimpaired 
intellect,  cannot  express  himself  either  by  speech  or  gesture,  is  painful  in  the 
extreme. 

As  a  rule  there  is  no  elevation  of  temperature,  even  during  the  rapid 
development  of  the  symptoms.  It  is  not,  however,  certain  that  there  is 
never  initial  fever.  In  one  or  two  cases,  which  were  not  fatal,  brief  pyrexia 
attended  the  onset,  and  in  a  few  others  febrile  disturbance  occurred  during 
the  subsequent  course  of  the  affection.  In  at  least  one  febrile  case  the  symp- 
toms passed  away  with  a  rapidity  and  completeness  that  seem  incompatible 
with  an  ordinary  inflammation  of  the  cord.  An  acute  enlargement  of  the 
spleen  was  first  noted  by  Wesphal,  and  has  since  been  observed  in  several 
other  cases,  so  that  it  is  perhaps  constant. 

Thus  the  chief  feature  of  the  disease  is  an  almost  purely  motor  paralysis,, 
progressive  in  character,  with  relaxation  of  the  muscles  during  the  acute 
stage  of  the  disease.  Although  usually  ascending  in  course,  the  arms  are 
occasionally  involved  before  the  legs,  and  the  bulbar  symptoms  have  been 
known  to  precede  the  others.  The  muscles  of  respiration  are  sometimes 
little  affected  until  after  the  paralysis  has  reached  the  throat.  Very  rarely 
other  cranial  nerves  have  suffered  in  slight  degree  ;•  there  has  been  diplopia, 
paralysis  of  accommodation,  or  dilatation  of  one  pupil.  In  one  case  the 
face  was  paralyzed  on  both  sides.  The  disease  varies  considerably  in  the 
rate  of  its  progress.  It  may  run  its  course  and  end  in  death  in  forty-eight 
hours.  A  large  proportion  of  the  fatal  cases  last  less  than  a  week.  On  the 
other  hand,  the  disease  may  only  attain  its  height  at  the  end  of  two,  three,, 
or  even  four  weeks.  In  some  cases,  apparently  of  the  same  character,  the  ' 
paralysis  of  the  limbs  has  not  been  complete  and  bulbar  symptoms  have  been 
absent.  There  may  be  a  rapid  extension  of  the  paralysis  to  a  certain  point, 
and  it  may  then  cease  to  spread,  and  the  limbs  last  and  least  affected  may 
slowly  regain  power,  the  order  of  recovery  of  the  muscles  being  the  opposite 
to  that  of  their  invasion.  When  recovery  has  occurred,  two  or  three 
months  have  usually  elapsed  before  the  weakness  entirely  disappeared,  but  in 
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a  few  cases  there  has  been  a  more  rapid  improvement  and  the  patient  has 
been  well  in  a  few  weeks.  It  is  probable,  however,  that  some  cases  recorded 
as  recoveries  from  this  disease  have  been  cases  of  myelitis,  or  of  rapid  mul- 
tiple neuritis. 

Pathology. — In  several  cases  the  most  careful  and  skilled  examination 
has  failed  to  discover  any  morbid  appearance  in  the  spinal  cord,  nerves  or 
muscles.  Minute  hemorrhages,  met  with  occasionally,  have  probably  occurred 
during  the  last  moments  of  life.  In  a  few  cases,  apparently  similar  to  the 
others,  slight  scattered  indications  of  inflammation  have  been  found  in  the 
gray  matter  of  the  cord,  with  degenerative  changes  in  the  ganglion  cells 
(Immermann).  In  addition  to  the  enlargement  of  the  spleen  observed  dur- 
ing life  and  found  also  after  death,  the  abdominal  glands  have  been  found 
swollen.  Bacteria  were  found  in  the  glands  by  Baumgarten,  but  others 
(Wesphal,  Kahler  and  Pick)  have  looked  for  them  without  success. 

In  the  absence  of  any  constant  anatomical  changes  the  nature  of  the  dis- 
ease is  a  matter  of  speculation,  which  is  the  more  uncertain  since  the  clini- 
cal separation  of  this  from  other  maladies  is  often  difficult.  The  traces  of 
inflammation  in  the  gray  matter,  which  have  been  found  in  a  few  cases  of 
ascending  course,  have  been  regarded  by  some  writers,  in  France  especially, 
as  an  indication  that  the  disease  is  really  a  form  of  polio-myelitis,  inseparable 
from  the  common  form  of  acute  atrophic  paralysis.  But  the  fact  that,  in 
patients  who  survive,  there  is  no  wasting  and  there  is  no  change  in  the  elec- 
trical irritability  of  the  muscles,  seems  opposed  to  this  view,  and  the  com- 
mon absence  of  fever  makes  it  very  difficult  to  regard  the  lesion  as  a  pri- 
mary inflammation.  These  considerations,  coupled  with  the  frequently  rapid 
course  of  the  malady,  have  suggested  to  many  pathologists  the  idea  of  a  toxic 
influence  acting  on  the  cord ;  and  this  idea  receives  support  from  the  dis- 
covery that  acute  swelling  of  the  spleen  is  common,  and  of  the  lymphatic 
glands  not  rare.  Such  lesions  indicate  a  morbid  blood  state.  The  fact 
that  paralysis  of  accommodation  has  been  observed  affords  some  confirmation 
of  this  view,  since  the  isolated  acute  paralysis  of  a  functional  centre,  not 
anatomatically  separate  from  others,  is  known  only  as  a  consequence  of  toxic 
influence.  If  this  hypothesis  is  admitted  as  probable,  the  question  remains 
— on  what  nerve  structures  is  this  toxic  influence  exerted  ?  It  is  clearly 
upon  some  part  of  the  motor  path.  The  absence  of  atrophy  or  altered 
reaction  of  the  muscles  shows  that  the  interruption  is  not  in  the  lower  seg- 
ment of  the  motor  path  (p.  130),  while  the  flaccidity  of  the  muscles  and 
the  prolonged  impairment  of  myotatic  irritability  suggests  that  the  structures 
on  which  the  morbid  influence  acts  are  not  far  from  the  lower  segment,  are 
in  or  near  the  gray  matter  in  which  that  segment  begins.  Curara  abolishes 
the  function  of  the  termination  of  the  lower  segment  of  the  motor  path, 
i.  e.,  of  the  nerve  endings  in  the  muscles.  It  may  be  that,  in  this  disease, 
some  toxic  influence  impairs  in  an  analogous  manner  the  function  of  the 
termination  of  the  upper  segment,  paralyzes  the  ramification  in  which,  as 
we  have  seen  (p.  130),  the  pyramidal  fibres  must  end  in  the  gray  matter, 
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and  by  which  they  are  connected  with  the  lower  segment.*  It  has  been 
already  pointed  out  (p.  154)  that  the  nutritional  stability  of  the  termination 
is  probably  lower  than  that  of  any  other  part  of  each  segment,  since  it  is 
the  part  farthest  from  the  nerve  cell-from  which  the  fibre  proceeds,  and  on 
which  its  nutrition  depends.  The  greater  length  of  the  fibres  for  the  lumbar 
region  may  render  their  termination  more  susceptible  than  that  of  the  fibres 
for  the  arm,  and  hence  the  ascending  course  of  the  paralysis.  It  is,  more- 
over, readily  conceivable  that  the  effect  extends  in  slight  degree  to.  other 
structures  i'n  the  gray  matter  ;  those,  for  instance,  which  intervene  between 
the  sensory  and  motor  cells,  and  thus  the  loss  of  reflex  action  and  myotatic 
irritability  are  explained,  as  well  as  the  muscular  relaxation,  since,  as  we 
have  seen,  muscular  tone  must  be  ascribed  to  a  reflex  process.  The  structure 
affected  may  vary  somewhat  in  different  cases,  and  thus  the  state  of  reflex 
action  may  vary.  The  facts  of  diphtheritic  paralysis  also  show  that  the  effects 
of  such  toxic  influence  may  lead  to  a  secondary  inflammation,  and  we  can 
thus  understand  that  indications  of  such  inflammation  in  the  gray  matter 
may  be  occasionally  met  with.  The  bulbar  symptoms  come  under  the  same 
explanation.  The  motor  path  through  the  nuclei  of  the  medulla  has  the 
same  pathological  relations  as  that  which  passes  through  the  gray  matter  of 
the  spinal  cord.  The  separate  affection  of  nerve  structures,  distinct  from 
others  only  in  function,  is  common  in  the  phenomena  of  toxic  actions. 
There  are  no  facts  to  show  the  nature  of  the  blood  state,  its  causes,  or  alli- 
ances, except  that  on  the  one  hand  the  frequent  relation  of  the  disease  to 
cold  suggests  an  analogy  with  rheumatic  blood  states,  while,  on  the  other, 
its  occasional  relation  to  acute  specific  diseases  is  noteworthy.  Perhaps  the 
malady  to  which  acute  ascending  paralysis  bears  the  closest  analogy  is  diph- 
theritic paralysis.  The  supposed  relation  of  some  cases  to  syphilis  is  as 
obscure  as  are  most  other  points  in  the  pathology  of  the  disease,  f 

Diagnosis. — The  disease  is  recognized  by  the  rapid  development  of 
ascending  palsy  with  relaxation  of  the  muscles,  and  with  loss  of  reflex  action, 
without  fever,  considerable  pain,  or  loss  of  sensation,  and  if  the  patient 
survives,  without  wasting  of  the  muscles  or  change  in  electrical  irritability. 
The  latter  characteristic  distinguishes  the  disease  from  acute  atrophic  paraly- 
sis, while  the  absence  of  pain  in  the  back  and  of  spasm  is  a  distinction  ifrom 
meningeal  hemorrhage.  The  diagnosis  from  general  ascending  myelitis  has 
been  already  considered  (p.  234). 

Prognosis. — The  affection  is  one  of  extreme  gravity.  The  danger  to 
life  is  in  proportion  to  the  interference  with  respiration  and  with  the  func- 
tions of  the  bulbar  nerves,  and  also  to  the  rapidity  with  which  the  palsy 
develops.     But  the  cases  which  develop  with  comparative  slowness  are  not 


*  The  symptoms  of  lathyrism  suggest  that  such  an  effect  is  actually  produced  in  that  toxic 
state. 

f  If  a  blood  state  arises  in  the  course  of  syphilis,  capable  of  abolishing  the  function  of  cer- 
tain nerve  structures,  the  fact  is  of  great  interest  in  connection  with  the  relation  to  syphilis  of 
degenerations  of  the  spinal  cord. 
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devoid  of  danger.  Even  when  the  symptoms  only  reach  their  height  at  the 
end  of  three  or  four  weeks,  death  may  occur  in  the  same  way  as  in  the  more 
rapid  cases.  On  the  other  hand  recovery  has  been  known,  although  the 
patient  has  lost  all  power  of  motion  at  the  end  of  the  second  day.  The 
danger  is  great  as  long  as  the  symptoms  are  increasing,  and  only  when 
distinct  improvement  can  be  recognized  is  it  justifiable  to  anticipate 
recovery. 

Treatment.— During  the  early  stage  of  an  attack  of  acute  ascending 
paralysis,  the  treatment  must  be  that  suitable  for  acute  myelitis,  since,  at  the 
onset,  the  diagnosis  between  the  two  diseases  can  never  be  certain.  A  warm 
bath,  or  still  better  a  vapor  bath,  should  be  given  if  the  symptoms  followed 
exposure  to  cold.  It  should  be  followed  by  counter- irritation  over  the  spine. 
A  long,  narrow  mustard  plaster  may  be  applied  to  the  entire  length  of  the 
spinal  cord.  More  energetic  counter-irritation,  even  the  actual  cautery, 
has  been  recommended.  The  little  that  is  known  of  the  pathology  of  the 
disease  suggests  that  the  dorsal  position  may  be  less  injurious  than  in  mye- 
litis; but  until  the  nature  of  the  case  is  clear,  the  patient  should  be  kept  on 
the  side  if  this  does  not  involve  frequent  change  of  posture.  The  body 
should  be  kept  in  as  perfect  rest  as  possible.  In  very  few  cases  have  drugs 
appeared  to  exert  any  influence  on  the  course  of  the  disease,  and  the  malady 
is  so  rare  that  experience  accumulates  slowly.  Salicylate  of  soda  seems  to 
deserve  a  trial  in  cases  that  follow  exposure  to  cold.  Ergotin  has 
been  given,  and  one  case  in  which  it  was  used  deserves  special  mention. 
The  patient  was  a  man  aged  fifty-seven,  who,  a  week  after  exposure  to  cold 
and  wet,  complained  of  a  feeling  of  weight  and  weakness  in  the  legs ;  the 
temperature  rose  to  1030  ;  the  loss  of  power  gradually  became  complete  in 
the  legs  and  spread  to  the  arms,  without  loss  of  sensation.  At  the  end  of 
the  second  day  there  was  a  difficulty  in  swallowing,  in  articulation,  and  in 
breathing,  and  death  seemed  near.  Ergotin  was  given  every  hour,  and  dur- 
ing the  night  the  patient  took  twenty  grains.  In  the  morning  the  bulbar 
symptoms  were  better,  the  arms  stronger  and  there  was  a  trace  of  motor 
power  in  the  legs.  The  patient  rapidly  improved,  and  at  the  end  of  a  week 
was  well.*  If  swallowing  becomes  difficult,  care  must  be  taken  to  adminis- 
ter a  sufficient  amount  of  nourishment,  either  by  the  rectum  or  by  the  nasal 
tube. 


PARALYSIS  FROM  LESSENED  ATMOSPHERIC  PRESSURE  : 
DIVERS'    PARALYSIS. 

Divers,  and  those  who  work  in  caissons,  at  such  a  depth  beneath  water 
that  they  are  exposed  to  considerable  pressure,  sometimes  become  paraplegic 
soon  after  their  return  to  the  surface.  Apoplectic  attacks  and  hemiplegia 
also  sometimes  occur,  but  paralysis  of  the  legs  is  by  far  the  most  common 
effect,  and    it  is,,  therefore,   clear  that    the  spinal  cord  suffers  in  greater 

*  Sorgenfrey,  Neurologisches  Centralblatl,  /88j,  p.  198. 
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degree  than  any  other  part  of  the  nervous  system.  Miners  have  been  said 
to  suffer  also,  but  this  is  doubtful,  because  a  pressure  equal  to  at  least  an  ad- 
ditional atmosphere  seems  necessary  for  the  production  of  the  symptoms. 
Most  of  the  subjects  of  the  disease  have  worked  at  a  depth  of  from  forty 
to  ninety  feet  below  the  surface  of  water.  The  symptoms  come  on,  not 
during  the  exposure  to  the  increased  pressure,  but  from  half  an  hour  to  an  hour 
after  the  return  to  the  surface,  and  only  if  the  individual  has  been  previously 
exposed  to  the  increased  pressure  for  more  than  an  hour.  Those  who  are 
not  used  to  such  work  seem  especially  liable  to  suffer,  and  there  are  also  con- 
siderable individual  variations  in  the  degree  of  liability. 

Pains  in  the  limbs,  and  often  in  the  joints,  precede  the  onset  of  the  pa- 
ralysis, which  is  usually  sudden.  In  a  few  minutes  the  legs  may  be  power- 
less. Sensation  is  often  lost  as  well  as  motion,  and  in  all  severe  cases  the 
sphincters  are  affected.  The  arms  are  seldom  involved.  If  the  paralysis  is 
incomplete  the  power  may  return  in  the  course  of  a  few  days,  but  in  severe 
cases  the  palsy  usually  lasts  for  weeks  or  months,  and  may  be  permanent. 
Death  may  occur  quickly  from  acute  cerebral  symptoms,  or  after  some  weeks 
from  bedsores,  cystitis,  etc. 

A  careful  examination  of  the  spinal  cord  has  been  made  in  only 
two  cases  (Leyden,  Schultze).  In  neither  was  there  any  trace  of  hemor- 
rhage, but  in  each  there  were  indications  of  a  slight  disseminated  myelitis 
in  the  dorsal  region.  These  cases  teach  us  nothing  of  the  nature  of  the 
primary  lesion.  It  is  clearly  related  in  some  way  to  the  diminution  of  the 
pressure  to  which  the  body  has  been  exposed.  It  has  been  suggested  that 
gases  may  escape  from  the  blood  and  block  up  vessels,  but  it  is  diffi- 
cult to  see  why  this  should  occur  especially  in  the  spinal  cord,  and  why 
such  an  effect  should  be  delayed  until  an  hour  after  the  increased  pressure 
is  removed.  Moxon  has  associated  the  effect  with  the  imperfect  blood  sup- 
ply to  the  lower  part  of  the  cord,  and  suggested  that  the  long  small  arteries 
which  pass  along  the  nerves  of  the  cauda  equina  may  be  compressed  by  the 
cerebro-spinal  fluid.  But  it  seems  to  be  the  dorsal  and  not  the  lumbar  region 
in  which  the  morbid  process  occurs.  The  pressure  drives  the  blood  from 
the  surface,  and  probably  lessens  the  amount  in  all  vessels  to  which  its  influence 
extends.  On  the  removal  of  the  increased  pressure  the  conditions  must  be 
reversed,  perhaps  in  a  degree  proportioned  to  the  duration  of  the  pressure. 
Hence,  the  paralysis  is  perhaps  due  to  an  acute  revulsive  anaemia  of  the 
cord,  analogous  to  that  which  sometimes  follows  loss  of  blood.  The  dorsal 
cord,  to  judge  by  inflammation,  is  more  prone  to  suffer  acute  disturbance  of 
nutrition  than  any  other  part  of  the  central  nervous  system. 

The  treatment  most  suitable  to  this  disease  is  probably  that  for  acute 
myelitis. 

HEMORRHAGE  INTO  THE  SPINAL  CORD  :    H^MATOMYELIA. 

Primary  hemorrhage  into  the  spinal  cord,  sufficient  to  cause  symptoms, 

is  a  very  rare  disease,  and  it  is  even  more  rare  than  is  suggested  by  the  cases 

now  and  then  recorded  as  such.     We  have  already  seen  that  hemorrhage 
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may  accompany  myelitis  ;  a  considerable  extravasation  may  occur  when  the 
inflammation  is  only  commencing,  during  the  stage  of  congestion,  and  while 
the  symptoms  are  slight.  Such  cases  are  easily  mistaken  for  primary  hemor- 
rhage. The  risk  of  error  is  not  always  removed  by  pathological  observation. 
Inflammation  results  from  hemorrhage,  and  when  indications  of  myelitis 
are  found  about  a  clot,  it  may  be  impossible  to  say  whether  these  are  pri- 
mary or  secondary.  It  is  probable  that  many  cases  of  secondary  myelitic 
hemorrhage  have  been  regarded  and  described  as  primary,  and  it  is  possible 
that  a  few  cases  of  primary  hemorrhage  have  been  regarded  as  secondary. 
One  writer,  Hayem,*  goes  so  far  as  to  deny  the  occurrence  of  primary  non- 
traumatic hemorrhage  ;  but  such  an  exclusive  view  is  unwarranted.  It  is  cer- 
tain, however,  that  the  history  of  primary  hemorrhage  has  been  largely 
written  from  uncertain  data,  and  will  need  extensive  revision  when  a  suffi- 
cient number  of  exact  observations  have  accumulated. 

Etiology. — The  rarity  of  hemorrhage  into  the  cord  is  especially  great  in 
comparison  with  the  frequency  of  hemorrhage  into  the  brain.  The  differ- 
ence probably  depends  on  the  tortuous  and  long  course  of  the  arterial  path 
to  the  cord,  whereby  the  vessels  are  preserved  from  the  high  pressure  which 
is  the  chief  cause  of  the  degeneration,  dilatation  and  rupture  of  the  cerebral 
arteries.  Miliary  aneurisms  are  not  found  within  the  spinal  cord.  Hemor- 
rhage is  far  more  common  in  males  than  in  females.  It  may  occur  at  any  age, 
but  is  most  frequent  between  twenty  and  forty.  It  has  been  seen  in  young 
children,  even  so  early  as  seven  months,  f  and  many  of  the  subjects  have 
been  in  advanced  life.  It  is  possible  that  the  apparent  preponderance  of 
cases  between  twenty  and  forty  is  due  to  the  inclusion  of  many  instances  of 
myelitis,  which  is  especially  common  at  that  period.  Of  immediate  causes, 
injury  is  the  most  frequent,  especially  falls  which  involve  a  severe  concussion 
of  the  spine ;  the  spinal  column  may  or  may  not  be  injured  at  the  same  time. 
Over-exertion  and  exposure  to  cold  have  in  rare  cases  preceded  the  onset. 
Chronic  alcoholism  and  sexual  excess  have  been  thought  to  predispose.  In 
a  case  related  to  me  by  Dr.  Radcliffe,  an  extensive  hemorrhage  into  the 
gray  substance  at  the  top  of  the  lumbar  enlargement,  resulted  from  coitus 
four  times  repeated,  the  symptoms  commencing  suddenly  during  the  fourth 
act.  Minute  extravasations  are  often  found  after  death  from  diseases  which 
interfere  with  respiration  and  cause  venous  congestion,  and  they  are  espe- 
cially frequent  in  maladies  which,  at  the  same  time,  cause  functional  excite- 
ment of  the  cord.  Thus  they  are  common  in  tetanus  and  in  convulsions. 
They  cause  no  symptoms,  and  are  probably  produced  during  the  last 
moments  of  life.  They  have  been  termed  "accessory."  The  diseases  of 
the  cord  that  lead  to  secondary  hemorrhage  are  chiefly  inflammation,  tumors, 
and  cavities  in  the  cord.  Thus  we  may  distinguish  four  chief  classes  of 
hemorrhage :  primary,  secondary,  traumatic,  and  accessory. 

Pathological  Anatomy. — The  minute  extravasations  just  mentioned,  as 


*"Des  H6morrhagies  Intra-rachidiennes,"  Paris,  1872. 
f  Clifford  Allbutt,  Lancet,  1870,  vol.  ii,  p.  84. 


282  SPINAL   CORD. 

met  with  after  asphyxial  and  convulsive  diseases,  are  found  in  both  the  gray 
and  white  substance,  but  especially  in  the  former.  ,  They  are  usually  micro- 
scopic, or  visible  to  the  naked  eye  as  minute  red  points,  distinguishable  from 
distended  vessels  only  by  their  slighter  resistance  to  a  stream  of  water.  The 
extravasation  may  occupy  the  perivascular  sheath,  or  the  cavity  in  which  the 
vessel  lies,  or  extend  between  the  nerve  elements.  The  larger  non-traumatic 
hemorrhages,  which  cause  symptoms,  always  begin  in  the  gray  substance, 
and  are  often  confined  to  it,  extending  into  the  white  columns  only  when 
large  in  size.  The  vessels  of  the  gray  substance  are  more  numerous  than 
those  of  the  white,  have  less  external  support,  and  probably  undergo  more 
considerable  changes  in  state.  The  effusion  forms  a  cavity  in  the  cord, 
sometimes  more  or  less  rounded  in  transverse  section,  and  half  an  inch  or 
more  in  vertical  extent.  Sometimes  the  extravasation  is  irregular  in  shape. 
The  cord  is  enlarged  at  the  seat  of  the  hemorrhage,  and  this  may  be  visible 
externally  as  a  dark  swelling  the  size  of  a  nut  or  a  bean.  Very  rarely  the 
hemorrhage  tears  the  layer  of  cord  which  limits  it,  and  blood,  usually  only 
in  small  quantity,  escapes  into  the  membranes.  The  tissue  of  the  cord  adja- 
cent to  the  clot  is  usually  broken  down,  stained,  and  softened,  and  inflam- 
matory changes  may  be  recognized  in  it  with  the  microscope,  just  as  in  the 
neighborhood  of  hemorrhages  into  the  brain.  As  in  the  latter,  the  effused 
blood  slowly  undergoes  changes  in  tint,  becoming  first  rusty  and  then  yellow, 
and  ultimately  a  cyst  may  remain.  Several  extravasations  may  coexist, 
usually  in  the  same  part  of  the  cord.  In  contrast  to  this  focal  hemorrhage 
there  may  be  an  infiltration  of  the  gray  matter  with  punctiform  extravasa- 
tions, which  appear,  until  closely  examined,  to  be  a  single  hemorrhage. 
The  tissue  between  these  small  extravasations  is  broken  down.  It  is  probable 
that  this  form  is  always  secondary  to  myelitis.  In  such  secondary  cases  a 
careful  microscopical  examination  usually  reveals  indications  of  inflamma- 
tion much  more  extensive  than  the  area  affected  by  the  hemorrhage.  A 
growth  into  which  hemorrhage  occurs  is  usually  a  glioma,  unaffected  parts 
of  which  will  be  found  in~  the  neighborhood  of  the  extravasation.  The 
cavities  in  the  cord  into  which  blood  may  escape  are  sometimes  of  consid- 
erable vertical  extent.  I  have  known  a  fissure  in  the  posterior  column  to  be 
filled  with  blood  through  almost  the  whole  length  of  the  cord. 

Symptoms. — Slight  symptoms,  "  prodromata,"  have  been  observed  in 
some  cases,  chiefly  in  the  form  of  trifling  sensory  disturbance,  tingling,  etc., 
in  the  limbs  afterward  paralyzed.  They  have  existed  for  a  few  hours  or 
days,  or  even  for  two  or  three  weeks  before  the  onset.  It  is  probable,  how- 
ever, that  these  have  been  cases  of  secondary  myelitic  hemorrhage,  and  that 
there  are  no  premonitory  symptoms  in  primary  extravasations.  The  actual 
onset  is  always  sudden  ;  the  symptoms  attain  a  considerable  height  in  the 
course  of  a  few  minutes.  Occasionally  there  has  been  transient  loss  of  con- 
sciousness without  any  cerebral  lesion,  or  rarely  the  onset  has  been  by  a 
series  of  successive- sudden  augmentations  of  the  symptoms.  Sometimes  the 
symptoms  come  on  during  sleep.  The  suddenness  of  the  onset  is  the  char- 
acteristic of  the  disease ;  the  symptoms  which  thus  develop  vary  according 
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to  the  seat  and  extent  of  the  extravasation.  In  the  majority  of  cases  there 
is  paraplegia,  complete  motor  and  sensory  paralysis  up  to  the  level  of  the 
lesion,  with  loss  of  power  over  the  sphincters.  Pain  commonly  but  not  inva- 
riably accompanies  the  sudden  palsy ;  it  may  be  felt  in  the  spine,  or  in  the 
sacrum,  or  round  the  trunk,  or  in  the  legs.  If  in  the  spine  it  is  local,  and 
does  not  extend  through  a  considerable  length  of  the  spine,  as  in  meningeal 
hemorrhage,  and  there  is  not  the  initial  spasm  and  rigidity  which  characterize 
the  latter  disease.  The  spinal  column  may  be  tender  at  the  seat  of  the  hem- 
orrhage. Usually  the  paralyzed  muscles  are  relaxed.  Sometimes  they  are 
the  seat  of  early  clonic  contractions,  or  these  may  come  on  a  few  days  after 
the  onset.  When  the  hemorrhage  is  in  the  cervical  region  all  the  limbs  are 
powerless  ;  one  arm  is  often  affected  before  the  other.  The  state  of  reflex 
action  varies  according  to  the  seat  of  the  disease ;  if  it  is  at  first  abolished  it 
quickly  returns  to  the  leg  (unless  the  hemorrhage  is  in  the  lumbar  enlarge- 
ment), and  it  soon  becomes  excessive.  Vasomotor  and  trophic  changes  in 
the  skin  are  common  ;  there  is  often  vascular  dilatation ;  bedsores  readily 
form,  and  cystitis  often  results.  Frequently  the  secretion  of  sweat  is 
increased  for  a  time.  The  temperature  is  normal  at  the  onset,  but  it  usually 
rises  in  the  course  of  a  few  days  from  secondary  inflammation  in  the  cord. 

The  palsy  developed  at  the  onset  usually  continues  for  a  week  or  ten  days, 
although  the  pain  may  lessen.  The  symptoms  do  not  always  increase  during 
the  stage  of  inflammation,  perhaps  because  this  only  involves  the  structures 
which  are  already  impaired  by  pressure ;  but  if  the  patient  has  been  brought 
near  to  death  by  the  primary  hemorrhage,  the  secondary  inflammation  may  end 
life.  Occasionally,  moreover,  symptoms  of  an  ascending  or  descending 
myelitis  may  come  on,  and  the  former  may  cause  death  by  its  interference 
with  the  muscles  of  respiration.  It  is  probable  that  this  extension  only 
occurs  in  cases  of  myelitic  hemorrhage,  in  which  the  extravasation  is  merely 
an  incident  in  the  course  of  a  commencing  inflammation.  In  cases  of  pri- 
mary hemorrhage  the  symptoms  pass  into  a  chronic  stage,  improvement 
being  usually  slow.  Some  lasting  loss  of  power  remains  in  most  cases,  and 
there  is  often  some  permanent  muscular  wasting  on  account  of  the  frequency 
with  which  the  hemorrhage  is  in  the  cervical  or  lumbar  gray  matter.  Occasion- 
ally there  is  rapid  recovery  up  to  a  certain  point ;  a  hemorrhage  of  small  size 
may  abolish  conduction  in  the  white  columns  by  the  suddenness  with  which 
it  compresses  them,  and  the  effects  of  the  pressure  may  quickly  pass  away. 

Diagnosis. — The  diagnosis  rests  on  the  actually  sudden  onset  of  the 
symptoms.  It  must  be  remembered,  however,  that  we  cannot  assume  that 
symptoms  which  come  on  during  the  night's  sleep  are  of  sudden  onset. 
Neglect  of  this  consideration  sometimes  causes  a  mistake  in  diagnosis.  The 
mode  of  onset  is  a  sufficient  distinction  from  all  other  organic  diseases, 
except  hemorrhagic  myelitis  and  meningeal  hemorrhage.  The  former  is  dis- 
tinguished by  the  existence  of  slight  symptoms  before  the  sudden  attack. 
We  are  not  justified  in  regarding  as  primary  hemorrhage  any  case  in  which 
premonitory  symptoms  existed  for  more  than  a  few  minutes,  unless  such 
symptoms  were  so  pronounced  and  sudden  in  onset  that  they  might  have 
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been  due  to  a  small  extravasation.  Initial  fever  in  any  case  makes  myelitis 
probable.  The  distinction  from  meningeal  hemorrhage  has  been  mentioned 
in  the  account  of  the  symptoms. 

Prognosis. — In  all  cases  in  which  the  symptoms  are  considerable  in 
degree  or  wide  in  range,  the  danger  to  life  is  great,  and  remains  great  until 
they  begin  to  subside.  The  prognosis  is  better  when  the  disease  is  in  the 
dorsal  region  than  when  it  is  in  the  enlargements.  It  is  better  when  sensa- 
tion returns  in  the  course  of  a  few  days,  but  if  the  enlargements  are  affected 
other  sources  of  danger  remain  considerable.  Early  trophic  changes  also 
render  the  prognosis  worse.  After  the  onset  is  over  it  is  guided  by  the 
general  principles  that  determine  the  prognosis  in  myelitis. 

Treatment. — The  treatment  of  hemorrhage  into  the  substance  of  the 
cord  is  the  same  as  that  of  hemorrhage  into  the  membranes  (p.  213).  Ab- 
solute rest  is  essential,  and  the  prone  position  desirable.  Ice  should  be 
applied  to  the  spine  opposite  to  the  seat  of  the  hemorrhage.  Full  doses  of 
ergot  or  ergotin  may  be  given:  gss  of  the  liquid  extract  or  five  grains  of 
ergotin  may  be  given  by  the  mouth,  or  three  grains  of  ergotin  may  be 
injected  under  the  skin,  and  the  dose  may  be  repeated  two  or  three  times,  at 
intervals  of  two  hours.  A  few  large  doses  are  probably  more  effectual  than 
smaller  doses  continued  for  a  longer  time,  since  the  hemorrhage  probably 
does  not  go  on  for  long.     The  after-treatment  must  be  that  for  myelitis. 


DEGENERATIONS  OF  THE  SPINAL  CORD. 

A  large  and  important  class  of  diseases  of  the  spinal  cord  consists  of 
those  in  which  there  is  a  slow  degeneration  of  the  nerve  elements,  with  an 
overgrowth  of  connective  tissue,  and  in  which  structures  are  affected  that 
have  a  common  function,  while  others  that  have  a  different  function  escape 
even  when  they  are  adjacent  to  the  elements  that  are  diseased.  Affecting 
thus  functional  " systems, "  they  are  termed  "system  diseases."  This  fact 
affords  strong  reason  for  believing  that  the  primary  change  is  in  the  nerve 
elements  themselves,  and  that  the  overgrowth  of  interstitial  tissue  is  sec- 
ondary. The  process  is  thus  analogous  to  that  which  occurs  in  the  second- 
ary degenerations,  in  which  the  first  change  is  certainly  in  the  nerve  ele- 
ments, the  destruction  of  which  is  followed  by  an  overgrowth  of  connective 
tissue,  a  "sclerosis"  as  it  is  termed.  We  have  seen  (p.  239)  that  the  pro- 
cess is  by  some  regarded  as  a  slow,  parenchymatous  inflammation,  an 
inflammation  beginning  in  the  proper  functional  elements  of  the  organ.  To 
term  a  process  "inflammation,"  which  proceeds  so  slowly  that  five  or  six 
years  may  pass  before  it  attains  a  considerable  degree  (as  is  sometimes  the 
case),  and  in  which  there  is  commonly  no  primary  vascular  disturbance, 
involves  a  change  in  our  conception  of  inflammation ;  but  so  far  as  the 
process  is  concerned  the  question  is  one  of  name  rather  than  of  nature. 

Another  question  of  much  greater  interest  is  the  relation  of  the  two  ele- 
ments in  the  process,  the  wasting  and  the  growth,  the  atrophy  of  the  nerve 
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tissue,  the  hypertrophy  of  the  connective  tissue.  The  failure  of  nutrition 
in  the  one  causes  an  increased  energy  of  nutrition  in  the  other.  We  have 
seen  this  relation  in  the  nerve  fibres.  The  degeneration  of  a  fibre  is 
attended  by  an  active  growth  of  its  nuclei  and  protoplasm.  The  nutrition 
of  the  two  elements,  the  neural  and  the  adventitial,  is  connected  in  the 
closest  manner,  but  in  inverse  degree.  It  is  important  to  recognize  the  fact 
that  the  process  of  growth  of  the  connective-tissue  elements  is  an  active 
manifestation  of  the  nutritional  energy,  which,  when  once  excited,  may  be 
to  some  extent  independent  of  its  cause.  It  may,  when  very  active,  pass 
beyond  its  original  limits.  It  may,  when  very  rapid,  have  some  of  the 
characters  of  an  interstitial  inflammation. 

The  degenerative  diseases  are  not  numerous,  but  they  are  of  great  import- 
ance. They  are  degeneration  of  the  anterior  cornua  and  anterior  root 
fibres,  causing  muscular  atrophy;  degeneration  of  the  posterior  columns 
and  posterior  root  fibres,  causing  locomotor  ataxy ;  and  degeneration  of 
the  pyramidal  tracts,  causing  spastic  paraplegia,  a  disease  the  exact  patho- 
logical position  of  which  is  not  quite  certain.  These  degenerations  may  be 
variously  combined. 

In  every  form  of  spinal  degeneration  there  is  a  tendency  for  the  morbid 
process  to  extend  beyond  the  system  in  which  it  begins  and  to  which  it  is, 
for  a  time,  confined.  This  tendency  is  much  more  marked  in  some  degen- 
erations than  in  others.  It  is  apparently  due  to  two  influences.  One  is 
the  tendency  of  the  secondary  interstitial  process  to  independent  extension, 
by  which  it  may  invade  structures  adjacent  to,  but  distinct  from,  those 
which  first  undergo  degeneration.  But  the  extension  cannot  always  be  ex- 
plained by  contiguity.  More  distinct  systems  of  structure  may  also  suffer, 
apparently  because  the  tendency  to  decay  involves  them  also,  although  in 
slighter  degree  and  at  a  later  date  than  the  elements  first  affected.  In 
most  degenerative  diseases,  in  cases  of  severe  degree  and  very  long  dura- 
tion, almost  all  the  elements  of  the  cord  may  be  in  some  degree  involved. 
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SCLEROSIS). 
The  malady  thus  named  is  the  most  common  chronic  disease  of  the  spinal 
cord.  It  consists  in  a  degeneration  in  the  posterior  columns  of  the  spinal 
cord,  or  the  peripheral  sensory  nerves,  or  both,  and  is  manifested,  when 
considerable,  by  incoordination  of  movement,  peculiar  pains,  and  defective 
sensibility.  The  name  "locomotor  ataxy  "  was  given  to  the  disease  by 
Duchenne;  "tabes  dorsalis,"  or  "  wasting  of  the  back,"  is  a  term  applied 
by  Hippocrates  to  certain  symptoms  supposed  to  be  due  to  venereal  excess, 
and  long  ago  limited  in  Germany  to  symptoms  believed  to  depend  on 
atrophy  of  the  spinal  cord.  It  then  included  all  chronic  paraplegias,  but 
was  further  restricted  to  this  disease  by  Romberg.  It  has  lately  obtained 
wider  use  on  account  of  the  discovery  that  incoordination  may  be  absent 
when  the  disease  is  slight  in  degree. 
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The  symptoms  vary  much  in  different  cases.  Besides  the  varieties  thus 
produced,  there  are  two  forms  which  present  many  and  important  differences 
from  that  commonly  met  with.  One  is  the  so-called  "  hereditary  ataxy." 
The  other  is  that  in  which  both  weakness  and  incoordination  coexist  from 
the  first;  "ataxic  paraplegia"  it  maybe  called.  Each  differs  from  other 
varieties  with  sufficient  constancy  to  merit  separate  consideration.  These 
varieties  are  not  included  in  the  following  account. 

History. — The  incoordination  of  movement  and  other  symptoms  of  the 
disease  were  frequently  noted,  during  the  first  third  of  this  century,  in  cases 
of  disease  of  the  spinal  cord,  but  such  cases  were  not  distinguished  from 
those  with  actual  loss  of  power.  The  incoordination  was  found  to  be 
associated  with  disease  of  the  posterior  columns  by  Stanley.*  The  first 
really  exact  account  of  the  disease  was  published  in  1847  by  Todd,f  who 
distinguished  the  cases  with  incoordination  and  without  weakness,  from 
simple  paraplegia,  and  apparently  not  aware  of  Stanley's  observation,  he 
inferred  (from  the  character  of  the  symptoms  and  his  theory  that  the  posterior 
columns  contain  fibres  connecting  segments  of  the  cord  at  different  levels) 
that  the  posterior  columns  would  be  found  diseased  ;  and  he  verified  this 
inference  by  finding  in  two  cases  disease  of  these  columns.  The  credit  of 
the  discovery  of  the  disease  belongs,  if  to  any  one,  unquestionably  to  Todd. 
Four  years  later  (in  185 1)  Romberg  described  the  disease  and  the  lesion  in 
the  posterior  columns,  but  he  failed  to  exclude  loss  of  power  from  the 
symptoms.  Russell  Reynolds  in  1855  gave  an  accurate  description  of  the 
symptoms,  and  was  the  first  to  attribute  them  to  muscular  anaesthesia.  J  A 
series  of  cases  was  described  by  Gull  in  1856  and  1857.  Tiirck  first  observed, 
with  the  microscope,  the  wasting  of  the  fibres  in  the  posterior  columns. 
Duchenne  in  1858-9  published  an  independent  and  very  able  analysis  of  the 
symptoms  of  the  disease,  and  gave  it  the  name  "locomotor  ataxy."  He 
obtained  for  it  (with  the  help  of  Trousseau)  the  recognition  that  previous 
descriptions  had  failed  to  secure. 

Causes. — The  disease  is  much  more  frequent,  in  this  country  at  least,  in 
urban  than  rural  populations.  Inherited  influence  is  to  be  traced  only  in  a 
small  proportion  of  the  cases,  perhaps  in  not  more  than  10  percent.  It  is 
usually  a  general  neurotic  heredity,  manifested  by  the  occurrence  in  relatives 
of  such  diseases  as  insanity,  epilepsy,  and  other  degenerative  diseases  of 
the  nervous  system.  Instances  of  this  are — father  epileptic  ;  father  insane  ; 
two  sisters  insane.  Direct  inheritance  of  the  disease  is  extremely  rare  (the 
special  hereditary  form  being  always  excluded).  A  boy  with  distinct  symp- 
toms, and  optic  nerve  atrophy,  was  the  son  of  a  man  who  presented  charac- 
teristic indications  of  the  early  stage  of  tabes  (Remak). 

*  Med.  Gazette,  Feb.,  1840,  and  Med.-Chir.  Trans.,  vol.  xxiii. 

f  "  Cyclopsedia  of  Anatomy  and  Physiology,''  vol.  Hi,  p.  721. 

\  Reynolds,  "  Diagnosis  of  Diseases  of  the  Brain,  etc.,"  1855,  "  Anesthesia  Muscularis." 
Certain  words  are  worth  quoting :  "  It  appears  most  probable  that  the  centripetal  tract  of 
fibres  is  affected  ;  and  that  the  locality  of  lesion  is  very  variable." — P.  165. 
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Males  suffer  far  more  frequently  than  females,  the  proportion  being  about 
ten  to  one.  When  every  allowance  has  been  made  for  the  different  inci- 
dence of  causal  influences,  the  fact  seems  to  indicate  a  proclivity  inherent 
in  the  male  sex.  The  same  preponderance  of  males  obtains  in  a  disease 
that  has  some  alliances  with  tabes— general  paralysis  of  the  insane.  The 
middle  period  of  adult  life  is  that  in  which  the  disease  usually  commences. 
No  less  than  half  the  cases  begin  between  thirty  and  forty,  one-quarter 
between  forty  and  fifty,  and  rather  less  than  a  quarter  between  twenty  and 
thirty.  It  rarely  begins  after  fifty,  but  I  have  once  known  it  to  develop  at 
sixty-six.  Under  twenty  it  is  still  more  rare,  but  cases  have  been  seen  as 
early  as  ten  and  twelve. 

Among  the  individual  causes,  one  overshadows  all  the  rest — the  influence 
of  syphilis.  A  very  large  proportion  of  the  sufferers  have  had,  at  some 
previous  time,  constitutional  syphilis,  either  distinct  secondary  symptoms 
or  an  indurated  sore.  The  proportion  is  almost  as  large  in  the  upper  and 
middle  classes  as  in  the  lower.  Of  fifty  consecutive  cases  of  the  disease  in 
men,  seen  in  private  consulting  practice,  no  less  than  twenty-nine,  or  58 
per  cent. ,  gave  a  history  of  a  chancre  known  to  be  hard,  or  of  secondary 
symptoms ;  and  eight  others  had  had  a  venereal  sore  of  unknown  nature. 
In  the  lower  classes  the  proportion  is  higher,  and  has  been  estimated  at  70 
or  80  per  cent.,  or  even  more.  When  a  deduction  is  made  for  possible 
accidental  coincidence,  there  remains  at  least  one-half  of  the  cases  in  which 
numerical  coincidence  must  depend  on  causal  relationship.  It  is  probable 
indeed  that,  taking  all  cases,  a  causal  proportion  of  two-thirds  would  be 
nearer  the  truth.  In  women,  also,  antecedent  syphilis  can  often  be  traced, 
although  rather  less  frequently  than  in  men.  At  the  same  time  the  full  facts 
are  difficult  to  ascertain,  since  in  married  women  syphilis  often  runs  a  latent 
course.  But  in  the  Case  of  tabes  that  succeed  syphilis  the  lesion  is  not 
syphilitic  in  histological  character.  In  these,  as  in  the  cases  in  which 
syphilis  can  be  excluded,  the  disease  is  a  degenerative  one.  It  is,  moreover, 
rarely  influenced  by  anti-syphilitic  treatment.  Hence  it  must  be  regarded 
as  a  degenerative  sequel  of  syphilis  rather  than  as  a  true  syphilitic  disease. 
It  is  probably  the  influence  of  syphilis  that  determines  the  greater  incidence 
on  the  urban  than  on  the  rural  population,  and  the  preponderance  of  cases 
in  middle  life.  Inherited  syphilis  also  seems  capable  of  causing  the  disease. 
In  several  cases  of  tabes  in  young  persons,  indications  of  inherited  syphilis 
have  been  present.  I  have  seen  one  example  of  this.  The  interval  between 
the  primary  syphilis  and  the  first  symptoms  of  the  disease  varies  from  two 
to  twenty  years.  It  is,  however,  rarely  less  than  five  years,  and  in  most 
cases  it  is  between  six  and  twelve  years.  Occasionally  the  malady  develops 
as  a  sequel  to  some  more  distinctly  syphilitic  lesion  of  the  cord.* 

*  Although  an  occasional  relation  to  syphilis  had  been  noted  by  several  preceding  observers, 
Fournier  was  the  first  (in  1876)  to  assert  the  wide  extent  of  this  relation.  His  statements 
were  received  with  doubt,  because  syphilitic  patients  constituted  his  field  for  observation, 
but  they  were  confirmed  from  the  neurological  side  by  myself  {British  Med.  Journal, 
March  1,  1879)   and  Erb  [Arch.  f.  klin.  Med.,  July,  1879);  abundant  corroboration   has 
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It  is  certain,  however,  that  syphilis  is  not  the  only  cause  of  the  disease. 
In  a  few  cases,  perhaps  10  per  cent,  of  the  whole,  it  can  be  excluded  with 
confidence.  The  causes  operative  in  these  can  be  traced  also  in  some  of 
the  patients  who  present  a  history  of  syphilis,  and  in  such  cases  the  causa- 
tion of  the  malady  is  probably  complex. 

One  of  these  causes,  which  can  sometimes  be  clearly  traced,  is  injury, 
such  as  involves  concussion  of  the  spine.  The  immediate  results  of  the 
injury,  whether  slight  or  grave,  transient  or  lasting,  are  followed  by  the 
symptoms  of  the  degenerative  malady.  In  one  case  a  man  fell  from  a  height 
on  to  the  deck  of  a  ship  ;  transient  paraplegia  resulted,  but  six  weeks  after 
the  accident  the  man  presented  extreme  ataxy,  with  good  power,  and  no 
knee  jerk  (Arnold).  I  have  known  the  symptoms  to  develop  gradually  a 
few  months  after  a  fall  from  a  horse.  Exposure  to  cold  and  wet  has  occa- 
sionally preceded  the  onset  so  directly  that  it  must  be  regarded  as  a  cause. 
In  other  cases  the  disease  has  succeeded  excessive  fatigue  and  over-exertion, 
and  also  certain  acute  diseases,  especially  acute  rheumatism  and  typhoid 
fever.  The  latter  is  known  to  cause  focal  myelitis ;  except  by  such  an 
agency  acute  diseases  can  hardly  do  more  than  excite  to  activity  a  preexist- 
ing tendency.  Alcoholic  excess  has  been  noted  in  rare  cases,  and  the  influ- 
ence of  this  cause  is  intelligible  since  it  is  known  to  cause  neuritis,  and 
sometimes  such  a  form  of  neuritis  as  occurs  in  tabes.  Indeed,  it  is  strange 
that  this  cause  cannot  be  traced  more  frequently.  Sexual  excess  has  been 
supposed,  by  some,  to  be  a  cause ;  but  its  influence  can  rarely  be  traced,  and 
its  significance  is  uncertain,  since  sexual  excitement  is  undoubtedly  some- 
times an  early  symptom  of  the  disease. 

Secondary  Tabes. — Symptoms  of  locomotor  ataxy  sometimes  succeed  other 
diseases  of  the  spinal  cord,  and  such  sequence  is  especially  common  in 
syphilitic  subjects.  Myelitis  and  syphilitic  gummata  may  be  thus  succeeded 
by  tabes.  It  is  not  surprising  that  a  degenerative  tendency,  effective  alone, 
should  be  determined  in  its  operation  by  local  disease.  Thus  an  officer  in 
India,  who  had  had  syphilis,  having  suffered  for  a  day  or  two  from  pains  in 
the  back,  took  a  bath  in  snow  water,  and  in  a  few  days  his  legs  were  abso- 
lutely powerless.  He  gradually  recovered  power,  but  could  not  coordinate 
the  movements :  as  power  returned,  lightning  pains  came  on,  and  a  year 
afterward  he  presented  the  typical  condition  of  locomotor  ataxy.  Again, 
a  man,  twelve  years  after  syphilis,  had  a  severe  fall,  followed  by  gradual  loss 
of  power,  so  that  at  the  end  of  three  weeks  he  could  scarcely  stand.     The 

been  since  afforded  ;  many  who  at  first  doubted  have  been  convinced  by  fresh  observations. 
The  difference  in  the  character  of  the  lesion  from  that  of  changes  known  to  be  syphilitic 
has  been  urged  as  an  objection  by  many  writers,  but  such  theoretical  considerations  must 
yield  to  facts,  and  instead  of  denying  that  this  or  that  lesion  can  be  produced  by  a  given 
cause,  we  may  have  to  widen  our  view  of  the  operation  of  that  cause.  Other  degenerations 
of  the  nervous  system  seem  to  have  a  relation  to  syphilis,  and,  as  I  wrote  some  years  ago, 
"  it  seems  that  one  effect  of  constitutional  syphilis  may  be  to  induce  a  neuropathic  state  in 
which  certain  degenerative  diseases  of  the  nervous  system  readily  occur"  {Lancet,  Jan. 
15,  1881). 
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legs  remained  weak  for  a  month,  and  then  improved,  but  ataxy  came  on ; 
three  months  later,  power  was  good,  incoordination  extreme.  A  similar 
succession  may  occasionally  be  observed  in  those  who  have  not  had,  syphilis. 
In  many  cases,  however,  muscular  strength  does  not  rise  to  the  normal 
standard,  and  the  condition  is  one  of  combined  weakness  and  ataxy. 

In  recognizing  the  fact  that  tabes  is  occasionally  secondary  to  a  primary 
myelitis,  it  is  necessary  to  note  that  myelitis  may  also  occur  in  the  course  of 
tabes.  We  must,  therefore,  ascertain  the  absence  of  preceding  tabetic 
symptoms  before  the  disease  can  be  regarded  as  purely  secondary. 

Symptoms. — A  typical  case  of  developed  tabes  presents  certain  motor, 
sensory,  and  reflex  symptoms.  There  is  incoordination  of  movement  of  the 
legs,  sometimes  of  the  arms  also,  without  loss  of  power  or  muscular  wasting. 
There  are  pains  in  the  affected  parts,  especially  sharp  momentary  "  light- 
ning" pains ;  there  is  some  loss  of  sensation ;  there  is  often  loss  or  diminu- 
tion of  reflex  action  from  the  skin,  and  almost  always  entire  loss  of  the 
myotatic  irritability  that  is  revealed  by  the  so-called  "tendon  reflexes," 
and  especially  by  the  knee  jerk ;  there  are  retention  or  incontinence  of 
urine,  constipation,  and  often  loss  of  sexual  power.  Of  this  group  of 
symptoms,  two  usually  precede  the  others — the  pains,  and  the  loss  of  the 
knee  jerk.  These  may  exist  alone,  even  for  years,  before  incoordination 
comes  on.  Thus  the  symptoms  are  far  wider  in  range  than  the  name 
"ataxy  "  suggests,  and  while  incoordination,  if  it  exists,  is  the  most  obtru- 
sive objective  symptom,  it  is  not  the  essential  symptom  of  the  disease,  and, 
indeed,  may  never  be  developed.  Hence  physicians  have  extensively  fallen 
back  on  the  older  term  "  tabes  dorsalis."  But  recent  expansion  of  our 
knowledge,  especially  the  discovery  of  the  extent  to  which  the  symptoms 
may  depend  on  disease  of  the  peripheral  nerves,  shows  that  even  the  quali- 
fying "dorsalis"  narrows  the  term  within  the  pathological  conception  of 
the  disease. 

Besides  the  symptoms  above  enumerated,  others  are  occasionally  present. 
Of  these  the  most  important  are  atrophy  of  the  optic  nerve,  and  occa- 
sionally of  other  cranial  nerves,  trophic  changes  in  the  skin,  the  bones  and 
the  joints,  and  an  ultimate  extension  to  motor  paralysis  and  muscular  wast- 
ing. The  combinations  of  symptoms  present  in  different  cases  vary  much. 
It  will  be  convenient  to  consider  first  the  symptoms  in  their  various  degrees, 
and  then  their  grouping  and  sequence. 

Motor  Symptoms. — The  characteristic  incoordination  of  movement  devel- 
ops gradually.  It  is  always  increased  (as  Romberg  first  pointed  out)  by 
closure  of  the  eyes,  and  at  first  may  only  exist  when  the  guiding  influence 
of  vision  is  thus  withdrawn.  Before  it  causes  ataxy  of  movement,  it  may 
render  difficult  the  maintenance  of  equilibrium  when  the  base  of  support  is 
narrowed  by  the  feet  being  placed  close  together,  toes  and  heels.  If  then 
the  eyes  are  closed,  the  patient  sways,  and  may  even  tend  to  fall.  In  health 
slight  unsteadiness  is  thus  produced,  varying  in  degree  in  different  persons, 
but  never  amounting  to  even  a  suggestion  of  a  fall.  The  effect  of  closure 
of  the  eyes  is  greatest  when  sensation  in  the-  soles  of  the  feet  is  defective, 
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but  does  not  depend  on  this  loss ;  it  may  be  marked  when  sensation  on  the 
soles  of  the  feet  is  perfect.  The  early  defect  in  coordination  may  be  dis- 
covered, by  the  patient  when  he  walks  in  the  dark,  or,  not  uncommonly, 
when  he  shuts  his  eyes  in  the  process  of  washing  the  face.  In  a  further 
degree  of  incoordination  there  is  inability  to  stand  with  the  feet  together 
even  when  the  eyes  are  open,  and  the  patient  is  only  steady  when  the  feet 
are  wide  apart.  If  the  feet  are  bare,  the  difficulty  is  greater,  because  mus- 
cular action  has  to  replace  the  rigid  base  of  the  boot.  The  irregular  con- 
traction of  the  muscles  is  shown  by  the  conspicuous  movement  of  the  ten- 
dons on  the  back  of  the  feet.  The  patient  may  oscillate  from  toes  to  heels 
before  he  comes  to  rest.  As  the  defect  progresses,  uncertainty  is  felt  in 
walking  even  with  full  visual  guidance,  especially  on  uneven  ground,  or  on 
a  very  smooth  surface.  A  slight  visible  alteration  in  gait  is  then  appreci- 
able, the  feet  are  not  placed  on  the  ground  quite  as  in  health,  or  there  is  dis- 
tinct difficulty  in  maintaining  equilibrium  when  the  patient  turns  quickly. 
He  has  to  put  a  foot  down  suddenly  to  keep  from  falling.  The  alteration  is 
greater  when  the  eyes  are  closed,  and  is  especially  conspicuous  on  an 
attempt  to  walk  backward — a  test  that  I  have  seen  employed  by  Sir  William 
Jenner  many  years  ago.  As  the  incoordination  increases,  the  change  in 
gait  becomes  greater,  but  varies  much  in  its  precise  characters,  probably 
according  to  the  muscles  that  are  most  affected.  Often  the  feet  are  raised 
too  high,  thrown  forward  too  far,  brought  down  too  suddenly,  and  the 
whole  sole  comes  in  contact  with  the  ground  at  once.  There  may  be  a  ten- 
dency for  one  foot  to  be  brought  in  front  of  the  other,  or,  in  avoiding  this, 
the  feet  may  be  moved  too  far  outward.  Often  the  foot  becomes  inverted 
when  it  touches  the  ground.  Efforts  to  correct  error  in  movement  have 
themselves  to  be  corrected.  In  other  cases  the  defect  in  maintaining  equi- 
librium is  greater  than  the  disorder  of  movement ;  the  patient  sways  about . 
in  the  manner  of  one  who  has  cerebellar  disease.  As  the  defect  progresses, 
the  patient  is  only  able  to  walk  by  steadying  himself  with  a  stick,  or  by 
taking  hold  of  the  arm  of  another  person,  or  of  adjacent  objects.  At  first 
a  very  slight  degree  of  this  help  is  sufficient ;  guidance  rather  than  support 
is  needed.  Afterward,  however,  considerable  support  is  necessary,  and  ulti- 
mately the  patient  may  be  unable  to  stand  even  with  help.  When  he 
attempts  to  rise,  the  legs  move  hurriedly  forward  and  backward,  and  if  the 
upright  posture  is  at  last  achieved  the  legs  slip  forward,  and  only  strong 
support  saves  the  patient  from  a  fall.  The  ataxy  is  manifest  also  in  other 
movements  of  the  legs.  If  the  patient,  when  lying,  tries  to  touch  an  object 
with  his  foot,  the  leg  is  moved  irregularly,  goes  beyond  the  place,  and  then 
is  brought  too  far  back,  and  only  at  last  does  it  come  in  contact  with  the 
object,  often  with  unintended  force.  This  incoordination,  like  that  in 
standing,  is  much  greater  if  the  eyes  are  closed. 

The  arms  may  present  similar  incoordination,  although  they  may  escape, 
even  when  the  affection  of  the  legs  is  extreme.  Sometimes  both  legs  and 
arm  are  deranged  together ;  very  rarely  the  arms  suffer  before  the  legs.  The 
commencing  defect  is  first  revealed  by  delicate  movements,  such  as  writing. 
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When  slight  it  may  be  conspicuous  if  the  patient  tries,  with  closed  eyes,  to 
touch  some  object,  such  as  his  own  nose,  or,  having  abducted  his  arms,  tries 
to  bring  the  forefingers  together.  As  it  increases,  all  movements  become 
irregular  ;  it  is  impossible  for  the  patient  to  button  his  coat,  or  to  pick  up  a 
small  object  from  the  table;  the  fingers  twist  about  in  the  attempt,  and  the 
grasp -is  not  sustained  ;  first  one  finger  is  felt  to  relax  and  then  another.  If 
the  patient  attempts  to  hold  out  his  hand  in  a  fixed  posture  it  is  seen  that 
the  same  irregularity  obtains ;  instead  of  a  uniform  balanced  contraction 
the  muscles  contract  and  relax  involuntarily,  and  slow,  unintended  move- 
ments of  the  fingers  result  (Fig.  106),  sometimes  closely  resembling  those 
of  athetosis.  The  same  spontaneous  movements  may  also  be  observed  in 
the  legs.  They  cease  at  once  when  the  muscular  effort  is  relinquished. 
Occasionally  the  muscles  of  the  trunk  present  a  similar  ataxy.  Thus  one 
patient  could  sit  steadily  on  a  chair  when  his  eyes  were  open,  but  if  he  closed 
them  would  at  once  fall  off.  In  such  a  case,  if  the  legs  are  but  little  affected, 
there  may  be  (as  I  have  seen)  scarcely  any  incoordination  of  movement  of 
the  legs,  but  extreme  unsteadiness  and  reeling  on  an*  attempt  to  stand  or 
walk.  The  movements  of  the  head,  face,  tongue,  and  eyes .  always  escape 
derangement. 

Even  with  extreme  incoordination,  motor  power  may  be  unimpaired. 
Occasionally  some  group  of  muscles,  as  the  flexors  of  the  ankle,  become 
weak  for  a  little  time  and  then  strong  again,  just  as  may  the  eyeball  muscles, 
as  we  shall  presently  see.  In  some  cases  motor  power  in  the  limbs  remains 
unimpaired  to  the  end ;  more  often,  when  the  ataxy  has  become  great, 
some  muscular  weakness  supervenes,  with  or  without  wasting  of  the  weak 
muscles.  There  is  a  distinct  group  of  cases  in  which  weakness  and  ataxy 
come  on  together,  but  these  are  considered  separately  ("Ataxic  Para- 
plegia"). 

Sensory  symptoms  are  prominent  in  most  cases.  They  consist  of  subjective 
sensations,  chiefly  of  pain  and  loss  of  sensibility.  Spontaneous  pains  are 
present  in  some  degree  in  nine-tenths  of  the  cases  of  tabes.  The  most  fre- 
quent and  characteristic  are  the  sudden  and  lancinating  pains  called  "  light- 
ning pains."  They  occur  chiefly  in  the  legs,  but  may  be  felt  in  the  trunk, 
arms,  and  even  in  the  head.  They  are  usually  paroxysmal ;  attacks  of  such 
pains  last  for  some  hours  or  for  a  day  or  two,  varying  in  seat,  but  often  felt  in 
the  same  part  throughout  an  attack.  Sometimes  they  are  felt  in  a  limited 
area  of  the  skin,  sometimes  they  seem  more  deeply  seated,  sometimes  they 
dart  down  the  limb.  They  may  correspond  to  a  nerve  trunk,  but  more  fre- 
quently have  no  relation  to  the  nerves.  Although  the  pains  are  usually  acute 
and  "stabbing,"  they  are  sometimes  of  different  character.  Thus  in  one 
patient  the  sensation  was  as  if  both  legs  were,  for  a  moment,  on  fire.  When 
referred  to  the  skin,  this  often  becomes  tender,  so  that  even  the  contact  of 
the  bedclothes  cannot  be  borne.  When  pains  continue  at  one  spot  for  some 
days,  ecchymoses  have  been  known  to  form  there.  In  one  case,  after  pains 
had  been  felt  at  one  part  of  the  scalp  for  a  time,  the  growth  of  the  hair  was 
changed;  each  hair  bent  and  broke  short  off,  over  an  area  the  size  of  half- 
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a-crown  ;  after  the  pains  ceased  the  growth  of  the  hair  became  normal.  A 
sharp  pain  may  be  accompanied  by  a  sudden  reflex  spasmodic  movement  of 
the  legs,  or  by  inhibitory  weakness.  Thus,  in  one  case,  a  sudden  pain 
would  often  make  the  patient  fall  on  his  knees.  The  pains  may  be  so  severe 
as  to  prevent  sleep  for  several  days. 

Other  kinds  of  severe  pain,  less  brief  than  the*  lightning  pains,  occur  in 
some  cases,  and  are  described  by  various  epithets,  as  "burning,"  "tear- 
ing," "gnawing."  Burning  pain  in  the  toes  distressed  one  patient.  Much 
more  common,  and  occurring  with  other  pains,  are  slighter  dull  pains  like 
those  of  rheumatism,  for  which  they  are  often  mistaken,  an  error  that  is 
facilitated  by  the  circumstance  that  any  of  the  pains  of  tabes  may  be  influ- 
enced by  weather,  being  especially  increased  by  damp  cold.  A  painful 
sense  of  constriction  is  felt  by  some  sufferers  in  the  legs,  groins,  genitals,  or 
trunk ;  it  is  less  common  than  in  myelitis,  but  when  it  does  occur  it  is 
sometimes  very  intense ;  the  patient  may  feel  as  if  the  whole  trunk  were 
tightly  enveloped  in  a  cuirass  of  brass.  In  the  hands  pains  are  common, 
but  are  usually  slight  in  degree,  and  are  occasionally  felt  chiefly  in  the  ulnar 
area.  Visceral  pains  may  also  occur,  usually  paroxysmal,  and  referred  to 
the  stomach,  bladder,  rectum,  etc.  These  will  be  again  considered  in  con- 
nection with  the  visceral  symptoms  of  tabes.  Pains  are  not  only  the  most 
common,  they  are  often  the  earliest  symptom  of  the  disease.  Nevertheless 
they  are  sometimes  slight,  and  occasionally  are  altogether  absent.  Perhaps 
they  sometimes  occur  alone  ;  I  have  seen  two  patients  who  suffered  charac- 
teristic lightning  pains,  but  presented  no  other  symptoms  of  tabes ;  the 
tabetic  nature  of  the  pains  is  therefore  uncertain. 

Sensations  other  than  pain  are  also  common.  They  are  various  in  char- 
acter, described  as  "  tingling,'.'  "  pins  and  needles,"  "  creeping,"  and  very 
often  as  if  the  skin,  especially  of  the  soles,  was  covered  by  some  soft  sub- 
stance. Sensations  of  cold  or  of  heat  are  also  common ;  the  feet  may  feel 
as  if  the  legs  were  always  in  cold  water ;  a  sensation  of  cold  about  the  testi- 
cles is  occasionally  complained  of.  The  sense  of  heat  may  be  so  intense  as 
to  amount  to  pain,  as  already  mentioned.  Similar  cutaneous  sensations  are 
also  common  in  the  hands.  Increased  sensitiveness  of  the  skin,  chiefly  to 
pain,  may  also  exist,  especially  on  the  soles  of  the  feet,  and  often  accom- 
panies lessened  sensibility  to  touch. 

A  diminution  of  sensibility  is  also  present  in  most  cases  of  the  developed 
disease.  It  may  involve  all  forms  of  sensibility,  or  one  much  more  than  the 
others,  or  some  forms  may  be  much  impaired  and  others  normal.  It  is 
equally  common  for  either  pain  or  touch  to  be  affected  alone ;  for  instance, 
a  prick  may  cause  no  sensation  of  pain,  although  the  least  touch  of  the  finger 
is  everywhere  perceived.  A  firm  touch  (z.  e.,  slight  pressure)  may  be  felt 
when  a  slight  touch  is  unperceived.  When  a  touch  is  felt,  the  power  of 
localizing  it  may  be  impaired.  Temperature  sensations  are  rarely  affected 
without  other  forms  of  sensibility,  but  they  may  be  impaired  with  pain  when 
tactile  sensibility  is  normal.  On  the  other  hand,  there  may  be  extensive 
loss  to  pain  without  any  defect  of  the  temperature  sense.     A  prick  may  then 
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cause  only  a  sensation  of  heat,  and  extreme  degrees  of  heat  or  cold  cause 
pain  less  readily  than  normal.  The  temperature  loss  may  be  partial — either 
cold  or  heat  may  be  unperceived  while  the  other  is  recognized.  When 
touch  is  slightly  impaired  there  may  be  an  inability  to  discriminate  differ- 
ences in  the  degree  of  pressure  on  the  skin. 

Accompanying  the  diminution  or  increase  of  sensitiveness  there  are  some- 
times curious  changes  in  the  sensation  produced.  One  of  these  is  a  delay 
in  the  perception  of  pain,  which  may  amount  to  several  seconds.  The 
greatest  delay  I  have  met  with  amounted  to  seven  seconds,  but  one  of  fifteen 
seconds  has  been  described  (Eulenberg).  The  contact  of  a  point  may  be 
felt  at  once,  the  pain  only  after  a  considerable  delay.  Often  there  is  an 
after-pain  lasting  sometimes  for  a  quarter  or  half  a  minute  or  longer,  and 
the  maximum  sensation  may  not  be  attained  until  some  seconds  after  the 
pain  is  first  felt.  Thus,  in  a  case  in  which  there  was  a  delay  of  seven 
seconds,  the  maximum  sensation  was  only  felt  twenty-five  seconds  after  the 
prick  (Obersteiner).  A  second  increase  of  pain  has  been  noted  (Naunyn). 
I  have  known  a  sort  of  rhythmical  recurrence  of  sensation  j  the  pain  was 
not  felt  for  several  seconds,  and  then  the-  sensation  was  repeated  several 
times  in  successive  darts  of  pain.  A  delay  greater  than  normal  may  also 
attend  the  sensation  of  heat.  The  localizing  power  is  sometimes  strangely 
perverted.  A  touch  or  prick  on  one  leg  may  be  referred  to  the  other,  some- 
times with  singular  uniformity  in  position  (allocheiria).  A  prick  in  one 
spot  may  be  felt  in  many  places  (polyassthesia)  on  the  same  or  (as  I  have 
seen)  on  both  legs.  It  is  said  that  the  reaction  of  the  sensory  nerves  to 
electricity  may  be  changed  in  the  same  way  as  that  of  the  motor  nerves  is 
changed  when  they  are  degenerated.  Instead  of  the  earliest  sensation 
occurring  on  closure  of  the  circuit,  at  the  negative  pole  (kathode),  as  in 
health,  it  may  be  felt  at  the  positive  pole  (anode).     (Mendelssohn.) 

The  region  in  which  sensibility  is  impaired  varies  much  in  different  cases. 
The  loss  occurs  most  frequently,  and  is  usually  greatest,  in  the  lower  part  of 
the  legs  and  feet.  It  may  be  limited  to  the  soles,  and  usually  then  ceases 
at  the  outer  sharp  edge  of  the  foot,  but  extends  for  an  inch  or  so  up  the 
inner  side.  Touch  or  pain  may  be  lost  on  the  sole  only,  and  even,  strange 
to  say,  the  form  of  sensibility  that  is  lost  on  the  sole  may  alone  persist  in  the 
legs.  Although  the  sole  is  usually  most  affected,  sensation  may  be  perfect 
on  the  sole  when  lost  elsewhere.  One  leg  is  often  more  affected  than  the 
other.  The  loss  may  extend  to  the  trunk  or  even  the  neck.  In  the  arms  it 
is  usually  greatest  on  the  hands,  and  often  commences  on  the  palmar  aspect 
of  the  fingers.  Sensation  may  be  lost  on  the  trunk  and  not  on  the  limbs, 
an  important  fact,  because  the  anaesthesia  may  then  readily  be  overlooked. 
On  the  head  a  loss  is  rare,  but  has  been  noted  on  the  cheeks. 

The  loss  of  sensibility  is  not  confined  to  the  skin,  but  affects  the  deeper 
tissues  also  in  many  cases.  The  contraction  of  the  muscles  on  electrical 
stimulation  may  be  unfelt,  and  the  muscles  may  be  insensitive  to  pressure  or 
forcible  extension.  It  is  probable  that  the  sensibility  of  the  joints,  fibrous 
tissues,  and  tendons  is  also  involved.     The  position  of  the  limbs  in  passive 
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as  well  as  in  active  movements  may  not  be  perceived.  In  slight  cases  this 
sense  of  posture  may  not  be  lost,  but  in  severe  cases  it  may  be  so  absolutely 
abolished  that  one  of  my  patients,  who  often  fell  out  of  bed,  had  always  to 
look  to  see  where  his  legs  had  gone  to  before  he  attempted  to  rise.  The 
anaesthesia  may  extend  to  the  viscera  when  the  trunk  is  involved.  In  conse- 
quence of  the  loss  of  sensation  grave  injuries  to  the  limbs,  such  as  burns,  may 
be  unperceived,  and  visceral  disease  may  be  unattended  with  the  customary 
pain.     I  have  known  a  severe  attack  of  pleurisy  to  be  absolutely  painless. 

Cutaneous  anassthesia,  although  it  is  thus  a  common,  and  often  an  early, 
symptom,  is  not  invariable.  Every  test  may  fail  to  reveal  any  loss,  and  this 
integrity  of  sensation  may  exist  in  patients  who  present  considerable  incoor- 
dination, and  in  those  who  suffer  severe  pains,  as  well  as  in  those  who  have 
had  no  pains.  But  it  is  very  rare  to  have  no  sensory  loss  when  incoordi- 
nation is  considerable. 

Reflex  action  from  the  skin  is  usually  impaired  in  proportion  to  the  loss 
of  cutaneous  sensibility,  and  especially  to  the  loss  of  tactile  sensibility.  It 
may  be  normal  when  pain  is  unfelt.  But  reflex  action  may  be  lessened  when 
there  is  no  loss  of  sensation.  The  plantar  reflex  is  most  frequently  impaired, 
and  the  progress  upward  of  the  disease  may  be  attended  by  a  progressive 
loss  of  the  gluteal,  cremasteric,  and  abdominal  reflexes.  On  the  other  hand, 
in  the  early  stage  of  the  disease,  there  is  sometimes  a  very  marked  excess  of 
all  cutaneous  reflex  action,  and  this  may  reach  a  degree  rarely  met  with  in 
any  other  affection.  In  one  case  a  touch  on  the  sole  would  make  the  foot 
fly  up,  and  if  the  naked  trunk  was  stroked,  so  violent  a  start  was  caused  that 
the  patient  on  one  occasion  rolled  off  a  sofa.  In  this  patient  considerable 
ataxy  coexisted  with  the  excess,  but  the  reflex  over-action  is  usually  an  early 
symptom,  and  passes  away  as  the  ataxy  becomes  well  developed. 

The  sexual  act  is,  in  part,  a  superficial  reflex  action,  and  increased  sexual 
excitement  sometimes  coexists  with  the  excess  of  reflex  action.  In  the  case 
just  mentioned  there  was  intense  satyriasis.  In  the  same  manner  the  sexual 
power  usually  fails  when  the  superficial  reflex  actions  subserved  by  the  cor- 
responding region  of  the  cord  are  abolished — the  cremaster  and  the  lower 
abdominal  reflexes,  but  to  this  rule  exceptions  occur.  Loss  of  sexual  power 
is  an  exceedingly  common  and  often  an  early  symptom  of  the  disease.  It 
may  precede  any  impairment  of  sensory  or  reflex  functions.  On  the  other 
hand,  exceptions  are  met  with  in  which  sexual  power  persists  to  a  late  period 
of  the  disease,  even  until  the  patient  has  lost  the  ability  to  walk  alone. 

If  the  condition  of  cutaneous  reflex  action  is  somewhat  inconstant,  this  is 
not  the  case  with  the  reflex  process  on  which  the  myotatic  irritability  depends. 
A  loss  of  the  knee  jerk,  as  Westphal  first  pointed  out,  is  one  of  the  earliest 
and  most  constant  symptoms  of  tabes.  With  it  disappears,  also,  all  other 
indications  of  this  irritability.  In  cases  with  great  excess  of  cutaneous  reflex 
action,  the  knee  jerk  is  lost  as  in  other  cases,  and  the  contrast  between  the 
two  forms  of  reflex  action  is  very  striking.  It  is  exceedingly  rare  for  the 
knee  jerk  to  be  obtained  in  any  case  of  true  tabes.  Very  rarely  an  early 
case  may  be  met  with  in  which  it  is  not  lost,  although  diminished,  and 


LOCOMOTOR   ATAXY. 


295 


Fig.    106. 


commonly  unequal  on  the  two  sides.  In  one  or  two  cases  I  have  found  it 
slight  on  one  side  and  lost  on  the  other  when  distinct  ataxy  was  present, 
and  have  observed  its  speedy  entire  disappearance.  In  one  case,  in  which 
the  jerk  was  lost  in  one  leg  only,  lightning  pains  were  confined  to  this  leg. 
The  loss  often  precedes  for  many  years  the  development  of  incoordination. 
But  the  muscles  preserve  their  irritability  to  percussion,  the  contraction  thus 
produced  being  limited  to  the  part  struck.  In  cases  of  ataxic  paraplegia, 
which  are  often  confounded  with  true  tabes,  the  knee  jerk  is  not  lost,  and 
is  usually  excessive,  arid  these,  for  the  most  part,  constitute  the  cases  some- 
times described  of  locomotor  ataxy  without  loss  of  this  phenomenon. 

Eye  Symptoms. — The  functions  of  the  internal  muscles  of  the  eye  are  often 
affected  in  tabes.  In  no  less  than  four-fifths  of  the  cases  the  reflex  action  of 
the  iris  to  light  is  lost.  In  most  of  these  the  contraction  on  accommodation 
is  preserved — a  characteristic  first  noted  by  Argyll-Robertson.  Often,  also, 
(as  Erb  has  shown)  the  dilatation  that  occurs  on  painful  stimulation  of  the 
skin  of  the  neck,  etc.,  can  no  longer  be  thus  produced.  Sometimes  the 
ciliary  muscle  is  also  paralyzed,  causing  loss  of  accommodation.  Very  rarely 
there  is  loss  of  accommodation  and  of  the  associated  contraction  of  the  iris, 
without  loss  of  the  light  reflex.  The  pupils  are  often  very  small  ("spinal 
myosis"),  especially  when  there  is  loss  of  the  reflex  dilatation  from  the  skin, 
a  loss  which  seems  to  be  accompanied  by  atony 
of  the  radiating  fibres  supplied  by  the  sympa- 
thetic. The  pupils  are  not  always  small  j  they 
may  be  of  medium  size  or  beyond  medium  size, 
and  then  I  have  usually  found  that  the  skin 
reflex  can  be  obtained,  although  the  light  reflex 
cannot.  They  are  often  not  perfectly  circular, 
and  are  sometimes  unequal.  Both  eyes  are 
usually  affected  in  the  same  manner;  occasion- 
ally the  reflex  action  is  lost  in  one  and  only  les- 
sened in  the  other.  On  the  other  hand,  the 
action  of  the  iris  is  sometimes  perfectly  natural,, 
even  in  advanced  cases. 

Paralysis  of  the  external  ocular  muscles  is 
also  common  in  tabes,  and  occurs  in  several 
forms:  (i)  Transient  weakness,  lasting  a  few 
days  or  weeks  and  then  passing  away.  (2) 
Permanent  paralysis,  complete  or  incomplete, 
of  a  single '  nerve  or  part  of  a  nerve.  Either 
form  may  occur  at  any  stage,  but  the  first  is 
most  common  in  the  early,  and  the  second  in 
the  later,  stages  of  the  disease.  The  transient 
palsy  renders  diplopia  a  common  symptom  in 
the  early  period ;  any  muscle  may  be  affected,  but  the  external  rectus  is  that 


Double  tabetic  ptosis.* 


*  From  a  Salpfetriere  photograph,  for  which  I  am  indebted  to  M.  Charcot. 
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which  most  frequently  suffers.  The  persistent  palsy  may  affect  one  or  more 
muscles;  often  the  levator  is  involved,  causing  what  has  been  termed 
"tabetic  ptosis"  (Fig.  106).  Sometimes  the  whole  third  nerve  is  para- 
lyzed. (3)  There  may  be  a  combined  palsy  suggesting  a  cerebral  origin. 
Rarely  there  is  loss  of  the  movement  of  convergence  associated  with  loss 
of  accommodation,  although  the  internal  recti  may  act  in  the  movement 
toward  one  side.  (4)  Many  or  all  the  muscles  of  both  eyes  may  gradually 
become  paralyzed,  "external  ophthalmoplegia,"  in  consequence  of  disease 
of  their  centres.*  This  is  very  rarely  met  with  in  tabes,  although  it  seems 
to  bear  a  similar  relation  to  syphilis. 

Atrophy  of  the  optic  nerve  occurs  in  tabes,  and  this  disease  furnishes  a 
large  proportion  of  the  cases  of  simple  atrophy.  Its  frequency  is  difficult 
to  ascertain,  but  is  certainly  less  than  is  often  supposed.  It  does  not  occur 
in  more  than  one  case  in  ten.  It  is  generally  an  early  symptom,  usually 
commencing  before  incoordination  is  developed,  and  in  a  large  number  of 
cases  ataxy  never  comes  on,  the  spinal  malady  becoming  stationary  when 
the  nerve  suffers.     It  rarely  begins  after  the  gait  is  considerably  disordered. 

The  failure  of  sight  usually  commences  with  a  peripheral  limitation  of  the 
field  and  loss  of  color  vision,  but  sometimes  central  acuity  fails  early.  When 
this  remains  good,  the  peripheral  loss  may  reach  a  considerable  degree  before 
it  is  suspected  by  the  patient. .  The  visible  pallor  of  the  optic  disk  is  not 
always  proportioned  to  the  failure  of  sight.  The  change  in  tint  depends  on 
wasting  of  the  capillaries,  and  this  is  not  always  proportioned  to  the  wasting 
of  the  nerve  fibres.  Ultimately  the  disk  is  grayish  in  tint,  and  the  retinal 
vessels  are  but  little  narrowed. f  Occasionally  there  are  slight  signs  of  con- 
gestion in  the  early  stage  of  the  atrophy,  and  then  some  tissue  of  gelatinous 
aspect  may  develop  in  the  disk,  and  the  vessels  may  be  narrowed. 

The  course  of  the  atrophy  is  usually  slowly  progressive,  and,  in  most  cases, 
it  ends  in  total  or  almost  total  blindness.  It  may,  however,  cease  to 
progress,  and  even  undergo  slight  improvement.  The  onset  is  not  always 
gradual.  Sometimes  sight  fails  considerably  in  the  course  of  a  few  days 
without  ophthalmoscopic  changes  to  account  for  it.  I  have  met  with  one 
case  in  which  temporal  hemiopia  coming  on  rapidly  suggested  disease  at  the 
optic  chiasma.  The  atrophy  is  often  more  advanced  in  one  eye  than  in  the 
other,  and  very  rarely  one  eye  only  suffers.  Flashes  of  light  are  occasionally 
experienced  in  the  course  of  the  atrophy,  comparable  to  the  lightning  pains 
in  the  limbs,  but  they  are  not  common.  Headache  is  occasionally  trouble- 
some in  cases  of  tabetic  atrophy,  and  cephalic  lightning  pains  are  sometimes 
severe.     Organic  cerebral  disease  may  be  thus  suggested.  » 

Deafness,  having  the  characters  of  nerve  deafness,  is  met  with  in  some 
cases,  sudden  or  gradual  in  onset,  transient  or  lasting.  The  persistent  deaf- 
ness has  been  attributed  to  an  atrophy  of  the  auditory  nerve,  analogous  to 
that  of  the  optic  nerve,  but  certainly  in  many  cases  without  sufficient  reason. 

*  Buzzard,  "Clin.  Lect.  on  Diseases  of  the  Nervous  System,"  1882,  p.  180. 
f  Further  details  will  be  found  in  "  Medical  Ophthalmoscopy,"  2d  ed.,  p.  163. 
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It  is  very  difficult  to  distinguish  an  affection  of  the  nerve  from  one  of  the 
labyrinth  independent  of  the  nerve.  Even  in  a  case  of  bilateral  deafness 
coming  on  in  the  course  of  tabes,  in  which  the  patient  could  hear  only  a 
loud  voice,  and  deep  notes  better  than  high  ones,  in  which  atrophy  has  been 
diagnosed,  Lucae  found  calcareous  masses  in  each  of  the  labyrinths,  and  the 
auditory  nerves  were  quite  normal.  But  if  there  is  a  progressive  limitation 
of  the  range  of  hearing,  analogous  to  the  peripheral  limitation  of  the  field 
of  vision,  we  are  justified  in  assuming  nerve  atrophy.  I  have  seen  two 
cases  of  this  kind.  In  each  there  was  also  optic  nerve  atrophy,  and  the 
other  symptoms  of  tabes  were  distinct.  In  one  only  notes  between  E2  and 
D  could  be  heard.  *  In  the  other  the  patient,  when  first  examined,  was 
absolutely  deaf  to  notes  above  E2  and  below  G^  A  few  months  later  the 
restriction  had  confined  the  range  of  hearing  to  the  octave  in  the  treble  clef, 
between  E2  and  E1,  even  Ep1  being  inaudible.  Thus  the  loss  occurred 
chiefly  from  below  upward.  Ultimately  no  note  could  be  heard.  Attacks 
of  vertigo  are  frequent  in  the  cases  attended  by  deafness,  and  seem  to 
depend  on  the  disturbance  of  the  labyrinth  or  auditory  nerve,  and  to  be 
thus  connected  only  indirectly  with  the  primary  disease. 

The  functions  of  the  other  cranial  nerves  are  often  affected.  Pains  may 
be  felt  in  the  region  of  the  fifth  nerve.  Unilateral  atrophy  of  the  tongue 
has  been  noted  in  one  case.  In  the  larynx,  besides  the  spasm  to  be  presently 
described,  paralysis  of  the  vocal  cords  has  been  met  with  in  rare  cases,  both 
as  an  isolated  symptom  and  also  after  attacks  of  spasm  have  occurred  for  a 
long  time.  Both  posterior  cricoarytenoids  have  been  paralyzed  (Oppenheim), 
and  in  one  case  paralysis  of  one  posticus  occurred  very  early  in  the  disease 
(Remak).  A  sort  of  ataxic  irregularity  in  the  movement  Of  the  cords  has 
been  described  by  Uhthoff. 

Sphincters. — The  functions  of  the  bladder  are  frequently  deranged  ;  there 
may  be  either  sluggish  micturition  or  a  tendency  to  incontinence,  and  often 
the  bladder  is  not  perfectly  emptied.  These  symptoms  frequently  occur 
in  the  disease,  and  it  may  be  indeed  only  for  these  that  the  patient  seeks 
medical  advice.  Occasionally  there  is  a  curious  reflex  susceptibility  on  the 
part  of  the  bladder ;  thus  the  urine  always  escaped  from  one  patient  when 
his  hands  were  placed  in  cold  water.  The  retention  may  become  absolute, 
or  there  may  be  overflow  incontinence;  there  is  rarely  paralytic  incon- 
tinence. More  commonly  the  affection  of  the  bladder  remains  slight  in 
degree,  although  even  this  may  have  serious  effects.  If  the  bladder  for  a  long 
time  is  imperfectly  emptied,  cystitis  is  apt  to  occur,  and  secondary  renal 
disease  is  a  not  uncommon  cause  of  death  when  the  difficulty  of  micturition 
has  been  insignificant.  The  sphincter  ani  is  often  also  weak,  so  that  a  loose 
stool  can  be  retained  with  difficulty,  but  its  paralysis  rarely  reaches  a  high 
degree.     Constipation  is  extremely  common. 

*  The  seven  notes  above  the  middle  C  of  the  bass  clef  are  designated  by  simple  letters, 
those  of  each  higher  and  lower  octave  are  indicated  by  small  figures  placed  above  and  below 
the  letter.     Thus  the  middle  C  of  the  treble  clef  is  C2. 

*9 
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Vasomotor  and  trophic  disturbances  constitute  a  singular  group  of  symp- 
toms to  which  much  attention  has  lately  been  drawn.  Transient  oedema  of 
the  limbs  may  occur  without  albuminuria,  and  is  sometimes  an  early  symp- 
tom. Local  sweating  has  been  noted,  confined,  for  instance,  to  the  palms 
and  soles,  or  to  one  side  of  the  head.  The  ecchymoses  and  altered  growth 
of  hair,  in  connection  with  attacks  of  pain,  have  been  already  mentioned. 
Pigment  may  disappear  from  the  skin  and  hair  in  isolated  spots.  Herpes  of 
the  skin  is  not  uncommon,  and  usually  occurs  in  association  with  attacks  of 
pain.  I  have  twice  known  the  penis  to  be  the  seat  of  herpetic  eruptions.  The 
epidermis  of  the  sole  becomes  thickened ;  blisters  readily  form  beneath  it 
and  may  lead  to  indolent  ulcers.  The  curious  affection  known  as  "  perfo- 
rating ulcer  of  the  foot  "  has  been  found  to  be  almost  confined  to  cases  of 
tabes.  Troublesome  ulceration  of  the  toes,  especially  about  the  nails,  is 
also  occasionally  met  with,  and  may  necessitate  amputation.  The  growth 
of  the  nails  of  the  feet,  and  sometimes  of  those  of  the  hands,  may  be 
changed.      They  may  be  thickened  and  the  surface  furrowed  and  uneven. 

Fig.  107. 


Perforating  ulcer  of  the  foot  in  tabes.     {From  a  Salpctrtire  photography 

The  nails  may  even  fall  off  and  be  slowly  renewed.  The  teeth  sometimes 
decay  quickly,  and  may  drop  out.  I  have  seen  one  patient,  who  had  pre- 
viously lost  many  of  his  nails,  in  whom  all  the  teeth  of  the  upper  jaw  fell 
out  in  the  course  of  three  days,  without  any  pain  or  decay  of  the  teeth. 
Wasting  of  the  muscles  may  occur  in  the  later  stage  of  the  disease,  usually 
greatest  toward  the  extremity  of  the  limbs,  and  sometimes  so  great  as  to 
resemble  that  of  progressive  muscular  atrophy. 

Changes  in  the  nutrition  of  the  joints  and  bones  have  attracted  much 
notice  since  attention  was  directed  to  them  by  the  careful  investigations 
of  Charcot.  They  are  not  very  common,  but  are  sufficiently  frequent  and 
well  marked  to  place  their  relation  to  the  disease  beyond  doubt.  The  bones 
may  become  brittle,  and  may  break  readily  in  so-called  "spontaneous" 
fractures.  The  process  of  union  is  attended  with  the  formation  of  a  large 
amount  of  callus.  Sometimes  there  is  ossification  of  the  tissues  adjacent  to 
injured  bones.  In  the  joints  the  changes  consist  of  erosion  of  the  carti- 
lage, wasting  of  the  heads  of  the  bones,  ossification  of  the  ligaments,  and 
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sometimes  irregular  bony  growths.  The  movement  of  the  joints  may  be 
thus  too  free  or  too  limited.  The  wasting  of  the  head  of  the  femur  renders 
dislocation  of  the  hip  easy.  A  remarkable  instance  of  these  osseous  changes 
has  been  recorded  by  Charcot ;  a  tabetic  woman  suffered  successively,  in 
the  course  of  a  few  years,  dislocation  of  both  hips,  fractures  of  the  left 
femur,  of  both  bones  of  each  forearm,  and  dislocation  of  one  shoulder ; 
after  death  old  fractures  were  found  in  both  scapulae  and  the  left  clavicle. 
With  these  changes,  and  often  when  they  are  slight  in  degree,  there  is  effu- 
sion within  the  joints  and  occasionally  oedema  outside  them.  The  larger 
joints  are  those  most  commonly  diseased — knee,  hip,  ankle,  elbow — but  the 
small  joints  of  the  fingers  have  been  known  to  suffer  (Westphal).  The 
lesions  are  sometimes  excited  by  injury,  and  the  extraordinary  changes  that 
may  follow  traumatic  influence  is  alone  a  conclusive  indication  that  abnor- 
mal trophic  influences  are  at  work.  Fig.  108  represents  the  arm  of  a  man 
who  fell  and  struck  his  elbow,  fracturing  the  olecranon  and  condyle.  It 
was  followed  by  extreme  painless  swelling,  and  bony  masses  could  be  felt, 

Fig.  jo8. 


Locomotor  ataxy,  painless  swelling  of  elbow  joint  after  a  fall  on  it. 
One  condyle  of  the  humerus  and  olecranon  were  found,  after  death, 
to  have  been  broken  off.  Several'separate  pieces  of  new  bone  had 
formed  in  the  capsule  of  the  distended  joint. 

gradually  increasing  in  size.       After  death  the  fractures  of  the  bone  were 
found,  and  masses  of  new  bone  had  formed  in  the  capsule  of  the  joint. 

The  origin  of  the  changes  in  some  joints,  as  the  knee,  is  more  complex. 
This  joint  depends  for  its  functional  capacity  partly  on  its  ligaments,  and 
partly  on  the  support  of  the  muscular  tendons  that  pass  by  it,  in  one  of 
which  the  patella  is  inserted.  The  sudden  variations  in  the  contraction  of 
the  muscles  both  render  this  support  variable  and  determine  sudden  strains 
on  the  unsupported  ligaments.  Under  this  strain  they  yield,  and  when  the 
patient  stands  the  joint  may  become  retroflexed  as  in  Fig.  109.  The  strain 
on  the  ligaments  and  capsule  leads  to  effusrbn,  and  may  excite  the  more 
serious  trophic  changes  already  described.  Changes  in  the  tarsal  bones  and 
articulations  may  cause  the  foot  to  become  flat,  with  a  projection  inward  or 
backward  of  the  tarso-metatarsal  articulation,  and  of  the  tarsal  bones.  The 
condition  has  been  called  the  "  tabetic  foot,"  by  Charcot  and  Fere.* 

*  The  trophic  changes  in  bone  and  joint  have  been  regarded  by  some  as   simple  chronic 
osteo-arthritis,  without  causal  relation  to  the  nerve  disease  in  their  subjects.     All  evidence 
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Fig.  iog. 


Visceral  symptoms  of  peculiar  character  occur  in  many  cases  of  tabes.* 
They  consist  almost  entirely  of  paroxysmal  disturbance  of  function,  usually 
attended  with  great  pain,  and  have  been  termed,  by  the  French  crises,  with 
qualifying  adjectives  according  to  the  seat  of  the  symptom.  There  is  a  ten- 
dency to  over-elaborate  this  terminology. 
The  most  frequent  seat  of  such  disturb- 
ance is  the  stomach,  and  these  attacks  are 
called  gastric  crises.  They  consist  of 
paroxysms  of  severe  gastric  pain,  felt  in 
the  epigastrium  and  often  passing  through 
to  the  back.  The  pain  is  accompanied 
by   vomiting, 


with   or   without   nausea. 

Fig.  iio. 


"*^s# 


Locomotor  ataxy;  retroflexion  of  knee  joints. 


Tabetic  Foot. 
(From  a  photograph  by  Mr.  Marriott,  B.  Sc.) 


The  vomiting  is  often  incessant,  and  is  first  of  food,  then  of  clear  liquid, 
which  may  be  very  abundant ;  ultimately  bile  is  vomited,  and  sometimes 
blood.  Retardation  or  irregularity  of  the  action  of  the  heart  has  sometimes 
attended  such  attack,  and,  rarely,  pyrexia  has  been  noted.  I  have  known 
frequent  hiccough  to  accompany  the  vomiting.  Such  an  attack  lasts  for  some 
hours  or  days,  and  then  subsides,  to  recur  in  a  few  weeks.  During  the  inter- 
vals the  functions  of  the  stomach  may  be  performed  in  a  perfectly  normal 
manner.  Although  pain  and  vomiting  usually  occur  together,  some  patients 
have  attacks  of  pain  without  vomiting,  and  in  others  there  is  vomiting  with- 
out pain.  Rarely  there  is  nausea  alone.  A  temperate  man,  in  the  early 
stage  of  tabes,  suffered  during  three  years  from  frequent  attacks  in  which, 
for  several  days,  he  had  intense  nausea  each  morning,  passing  away  in  the 
afternoon,  and  succeeded,  in  the  evening,  by  an  inordinate  craving  for  food. 
He  never  vomited  unless  he  made  himself  do  so,  in  the  vain  hope  of  thus 


seems  to  me  opposed  to  this  view.  The  arguments  that  can  be  adduced  in  support  of  it  will 
be  found  in  some  of  the  speeches  delivered  at  a  discussion  at  the  Clinical  Society,  Nov.  and 
Dec,  1885. 

*  The  occurrence  of  attacks  of  vomiting,  sometimes  early  in  the  disease,  was  pointed  out 
by  Topinard,  but  thought  by  him  to  be  a  mere  complication.  (Topinard,  "  De  l'ataxie  loco. 
motrice,"  Paris,  1864,  p.  273.) 
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obtaining  relief.     After  two  years  attacks  of  laryngeal  spasm  were  added  to 
the  attacks  of  nausea. 

The  chief  intestinal  disturbance  is  constipation,  but  paroxysmal  diarrhoea 
has  been  supposed  to  be  of  vasomotor  origin,  and  connected  with  the  dis- 
ease (Pierret).  Paroxysms  of  rectal  pain  {rectal crises)  are  not  uncommon, 
and  are  often  accompanied  by  distressing  tenesmus,  sometimes  by  a  sensa- 
tion as  if  there  was  a  foreign  body  in  the  rectum.  In  rare  cases,  paroxysms 
of  pain  have  precisely  the  character  of  attacks  of  renal  colic  (jiephralgic 
crises),  or  are  felt  in  the  neck  of  the  bladder  or  along  the  urethra  or  at  the 
meatus  (vesical  or  urethral  crises).  These  may  be  attended  by  an  intense 
desire  to  micturate,  although  the  bladder  may  be  empty  and  only  a  few  drops 
of  urine  may  be  expelled.  In  one  patient  such  pain  was  repeated  several 
times  an  hour,  and  each  attack  lasted  for  several  days.  Blood  may  be  passed 
after  an  attack.  Paroxysms  of  sexual  excitement  in  women  have  been  some- 
what unnecessarily  termed  "  clitoris  crises." 

"Laryngeal  crises"  are,  perhaps,  after  those  of  the  stomach,  the  most 
common  of  these  symptoms.  They  vary  much  in  character.  The  most 
common  form  is  a  true  laryngeal  spasm,  with  noisy  inspiration  and  expi- 
ration, cough,  and  often  considerable  dyspnoea.  The  paroxysms  may 
resemble  those  of  whooping  cough  or  of  laryngeal  stridulus.  Pressure  on 
the  superior  laryngeal  nerve  at  its  entrance  into  the  larynx,  or  on  the 
trachea,  or  the  introduction  of  a  sound,  will  sometimes  induce  an  attack. 
The  spasm  may  last  for  a  quarter  of  an  hour  or  for  some  hours,  but  rarely 
continues  so  long  as  the  gastric  crises.  In  one  recorded  case  the  spasm 
spread  to  the  pharynx,  making  swallowing  impossible ;  a  very  violent  attack 
extended  to  the  muscles  of  respiration  and  the  patient  died  asphyxiated. 
Death  from  these  attacks  is,  however,  extremely  rare.  Paroxysms  of  rough 
cough  have  been  termed  "  bronchial  crises ;  "  in  one  case  such  attacks  ceased 
when  the  patient  began  to  suffer  from  gastric  crises.  These  crises  are  often 
early  symptoms,  and  they  may  continue  for  many  years.  I  have  seen  a 
patient,  still  in  the  first  stage,  who  gave  a  history  of  gastric  crises  during  the 
preceding  eighteen  years. 

Comparable  to  these  paroxysmal  visceral  disturbances,  although  very  dif- 
ferent in  character  and  more  alarming  in  aspect,  are  cerebral  symptoms, 
which  are,  fortunately,  very  rare.  They  resemble  the  attacks  that  are  com- 
mon in  general  paralysis  of  the  insane,  and  consist  of  transient  apoplecti- 
form seizures,  hemiplegia,  or  convulsions  general  or  one-sided.  They  may 
occur  early  in  the  course  of  the  disease.  The  alarm  they  occasion  is  not 
without  foundation,  since  death  has  been  known  to  occur  during  an  attack 
of  apoplectic  semblance.  Paroxysms  of  vertigo  sometimes  seem  to  be  of 
similar  nature,  but  they  more  often  depend  on  derangement  of  the  auditory 
nerve. 

Course  and  Termination. — It  is  convenient  to  divide  the  course  of  the 
disease  into  three  stages  :  (i)  In  which  there  is  no  alteration  in  gait,  the 
chief  indications  of  the  malady  being  the  loss  of  the  knee  jerk  and  the  pains, 
often  associated  with  loss  of  the  light  reflex  of  the  iris,  and  unsteadiness  on 
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standing  with  the  feet  together  and  eyes  shut.  (2)  That  in  which  there  is 
distinct  affection  of  gait,  slight  or  considerable,  but  in  which  the  patient  is 
still  able  to  walk,  alone  or  with  the  aid  of  one  or  two  sticks.  (3)  In  which 
walking  is  possible  only  with  the  aid  of  another  person,  or  it  is  impossible 
for  the  patient  to  walk  or  to  stand.  The  first  stage  is  not  always  present. 
Incoordination  may  be  the  earliest  symptom,  and  I  have  known,  in  one  or 
two  cases,  characteristic  ataxy  to  be  developed  before  the  knee  jerk  was 
lost. 

The  course  of  the  symptoms  is  extremely  variable.  The  epithet  "  pro- 
gressive "  given  to  the  malady  by  Duchenne  expresses  a  characteristic  of  a 
large  proportion  of  the  cases  in  which  ataxy  is  developed,  and  he  knew  of 
no  other  cases  of  the  disease.  The  incoordination  tends  to  increase,  slowly 
or  rapidly,  until  it  reaches  a  considerable  degree,  and  the  sensory  loss  shows 
a  like  tendency.  The  pains  fortunately  do  not  always  progress  with  the 
other  symptoms.  They  are  often  most  severe  in  the  early  period  of  the  dis- 
ease, and  may  either  lessen  or  continue  unchanged  as  the  loss  of  sensation 
increases.  But  the  power  of  recognizing  the  first  stage  of  the  disease,  which 
we  owe,  especially,  to  Westphal's  discovery  of  the  loss  of  the  knee  jerk,  has 
enlarged,  and  in  enlarging  has  to  some  extent  modified,  our  conception  of 
the  general  tendency  of  the  disease.  It  is  exceedingly  common  for  the  first 
stage  to  remain  stationary  for  a  long  time,  for  ten,  twenty,  and  even,  in  one 
case,  for  twenty-five  years,  if  the  duration  of  the  lightning  pains  may  be 
accepted  as  proof  of  its  existence.  When  all  cases  are  taken  together  and 
patients  are  subjected  to  careful  treatment,  I  do  not  think  that  the  disease 
shows  a  progressive  tendency  in  more  than  one-half  of  the  cases. 

The  various  symptoms  do  not  always  progress  pari  passu.  Sensibility  may 
fail  although  incoordination  does  not  increase.  Conversely,  the  ataxy  may 
become  greater  although  sensation  remains  the  same,  and  even  when  it  shows 
a  distinct  improvement.  Thus  a  patient  had  slight  ataxy,  loss  to  pain  on 
thighs,  legs,  and  trunk,  and  no  loss  to  touch  or  temperature.  At  the  end  of 
a  year  and  a  half  pain  was  perceived  on  the  thighs,  and  touch  and  tempera- 
ture were  still  normal,  although  the  ataxy  had  increased  considerably.  So 
marked  indeed  is  the  contrast  between  the  course  of  different  symptoms  in 
some  cases  that  it  suggests  a  certain  alternative  tendency.  If  optic  nerve 
atrophy  develops,  the  spinal  symptoms,  in  most  cases,  remain  stationary.  So, 
too,  of  visceral  crises.  I  have  known  gastric  crises  to  cease,  when  the  inco- 
ordination began  to  develop.  In  one  patient  all  the  symptoms  of  tabes 
passed  away,  the  knee  jerk  returned,  optic  nerve  atrophy  ceased  to  advance, 
but  the  patient  became  insane. 

When  the  disease  progresses,  the  rate  of  its  advance  varies  much.  Some- 
times it  is  slow  and  uniform,  and  the  ataxy  is  considered  only  at  the  end  of 
several  years.  On  the  other,  hand  it  may  be  rapid,  so  that  in  a  few  months 
the  patient  is  scarcely  able  to  walk.  More  commonly  the  progress  is  varied  ; 
periods  in  which  the  disease  is  almost  stationary  alternate  with  others  in 
which  the  symptoms  increase  rapidly.  The  exacerbations  may  seem  spon- 
taneous,  or  may  be  distinctly  excited  by  some  prejudicial  influences, — a 
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chill,  a  fall,  or  some  excess,  alcoholic  or  sexual.  They  are  sometimes  very 
acute;  a  marked  change  may  occur  in  the  course  of  a  few  days,  or  even  in 
a  few  hours.  Thus  I  have  known  a  patient  to  pass,  in  the  course  of  twenty- 
four  hours,  from  a  condition  in  which  he  could  walk  fairly  well  to  one  in 
which  he  could  scarcely  stand.  Muscular  power  may  lessen  in  such  a  sud- 
den exacerbation,  or  the  increase  may  be  confined  to  the  true  symptoms  of 
the  disease.  In  the  former  case  it  is  probable  that  there  is  a  myelitic  or 
neuritic  complication  ;  in  the  latter  there  seems  to  be  merely  an  acute  pro- 
cess developed  in  the  nerve  elements  in  which  the  chronic  disease  was  in 
progress.  It  is  often  accompanied  by  acute  sensory  disturbance.  One 
patient  felt  for  weeks  as  if  his  feet  were  of  enormous  size,  as  large  as  the 
room  he  was  in.  The  conditions  thus  developed  may  pass  away  again,  leav- 
ing the  patient  on  a  little  lower  level  than  before,  or  they  may  persist  with- 
out any  considerable  recovery. 

There  is  nothing  in  the  nature  of  the  disease,  in  most  cases,  to  produce 
death.  The  only  direct  effect  of  the  malady,  which  has  ended  life,  is  laryn- 
geal spasm  or  paralysis.  Even  the  gastric  symptoms,  prostrating  as  they 
are,  are  never  fatal.  Patients  who  have  reached  the  third  stage  have  lived, 
bedridden,  for  twenty  years.  Death  often  results  from  intercurrent  mala- 
dies, some  of  which  are  more  dangerous  to  tabetics  than  to  others,  because 
they  may  develop  painlessly  and  attain  a  serious  degree  before  their  existence 
is  suspected.  But  many  patients  die  from  indirect  results  of  the  disease. 
Kidney  complications  are  the  most  common  ;  they  often  develop  most  insidi- 
ously, and  then,  as  it  were,  explode.  The  patient  may  be  seized  with  acute 
febrile  symptoms,  the  exact  nature  of  which  may  be  unsuspected  until  the 
urine  is  examined.  I  have  known  a  patient,  still  in  the  first  stage,  die  thus 
after  a  few  days'  illness.  Bedsores  and  pyaemia  occasionally  cause  death, 
although  less  frequently  than  in  some  other  diseases  of  the  spinal  cord. 

Complications. — Occurring,  as  most  cases  do,  in  syphilitic  subjects,  tabes 
is  sometimes  complicated  by  true  syphilitic  lesions  of  the  brain  or  cord. 
Some  of  the  cranial  nerve  palsies  that  are  observed  in  the  early  stage  of  the 
disease  are  of  this  nature. 

Acute  or  subacute  myelitis  may  occur  during  the  course  of  the  disease  as 
well  as  before  its  development.  In  such  cases  rapid  loss  of  power,  with  other 
symptoms,  indicates  the  occurrence  of  an  acute  process  involving  other  ele- 
ments of  the  cord  than  those  on  which  the  special  symptoms  of  tabes  depend. 
Such  myelitis  is  probably  also,  in  some  cases,  of  syphilitic  origin.  Some- 
times it  is  apparently  simple  ;  it  may  develop  after  exposure  to  some  exciting 
cause,  as  in  the  case  already  mentioned,  in  which,  after  the  patient  has  suf- 
fered for  four  years  from  gastric  crises  and  pain,  complete  paraplegia  devel- 
oped a  few  days  after  he  had  sat  for  some  time  on  wet  grass.  Such  a  complica- 
tion must  not  be  confounded  with  the  simple  acute  exacerbation  in  the  spe- 
cial symptoms  already  described. 

Other  system  diseases  of  the  cord  may  develop  as  complications  of  tabes. 
The  lateral  columns  may  degenerate  with  the  posterior,  giving  rise  to  "ataxic 
paraplegia,"  but  this  is  rather  a  distinct  affection  than  a  complication  of 
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Fig.  i:i. 


true  tabes,  and  will  be  so  described.  Weak- 
ness may,  however,  supervene  slowly  in  the 
course  of  locomotor  ataxy,  without  muscular 
atrophy,  and  with  a  persistence  of  the  spe- 
cial symptoms  of  the  disease,  from  a  later 
extension  of  the  morbid  process  to  the 
lateral  columns.  Another  occasional  com- 
plication is  progressive  muscular  atrophy. 
We  have  already  seen  that  local  atrophy  of 
muscles  is  not  very  rare  in  the  later  stages 
of  tabes,  but  in  the  cases  now  under  con- 
sideration, muscular  atrophy  develops  as  in 
its  primary  form,  and  runs  an  independent 
course,  such  as  it  pursues  when  it  exists  alone. 
Thus  a  gentleman,  who  had  had  hemiplegia 
from  syphilitic  vascular  disease,  developed 
the  first  stage  of  tabes — pains,  loss  of  knee 
jerk,  loss  of  the  iris  reflex,  and  slight  un- 
steadiness. He  had  two  courses  of  treatment 
at  Aix-la-Chapelle,  and  at  the  end  of  the 
second,  by  which  he  was  much  prostrated, 
the  muscles  of  the  hands  began  to  waste. 
The  atrophy  spread,  and  in  the  course  of 
two  years  almost  all  the  muscles  of  the 
arms,  shoulders,  and  back  became  extremely 
wasted.  In  rare  cases  the  legs  present  the 
symptoms  of  tabes,  while  in  the  arms  there 
is  a  jerky  incoordination  of  disseminated 
sclerosis,  and  the  coexistence  of  the  two 
diseases  has  been  demonstrated  post-mortem. 
Another  very  important  and  frequent 
complication  of  tabes  is  general  paralysis  of 
the  insane.  The  two  diseases  have  many 
alliances.  It  is  probable  that  syphilis  pre- 
disposes to  general  paralysis  as  well  as  to 
tabes.  Reflex  iridoplegia  is  common  in 
both  diseases.  The  two  maladies  are  often 
combined,  and  the  symptoms  of  one  or  the 
other  may  preponderate.  Thus  many  gen- 
eral paralytics  present  symptoms  of  tabes, 

Fir,,  hi. — Locomotor  ataxy  involving  the  legs  only.  Sclerosis 
of  the  whole  posterior  columns  in  the  lumbar  region,  gradu- 
ally becoming  limited,  in  the  lower  dorsal  region,  to  the  root 
zone  and  posterior  median  column.  The  latter  is  only 
affected  in  the  upper  half  of  the  cord  (ascending  degenera- 
tion). There  is  also  ascending  degeneration  in  the  antero- 
lateral ascending  tract.  Tim  is  rather  greater  on  the  left 
side,  while  the  post-median  degeneration  is  greater  on  the 
right,  in  harmony  with  the  theory  put  forward  on  p,  133, 
that  the  latter  contains  fibres  which  do  not  decussate. 
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and  its  characteristic  lesion  is  found  after  death.  On  the  other  hand,  cases 
of  tabes  may  present  slight  symptoms  of  general  paralysis,  perhaps  only 
slight  optimism  and  mental  weakness,  which  may  remain  subordinate  or 
may  increase  to  a  pronounced  and  preponderant  degree.  It  may  be  diffi- 
cult to  say  in  which  category  a  case  should  be  placed.  It  is  sometimes  said 
that  a  case  may  commence  as  ataxy,  and  may  change  to  general  paralysis, 
but  a  more  correct  expression  of  the  facts  is  the  coexistence  of  the  two  affec- 
tions, and  the  dominance  of  the  symptoms  of  one  or  the  other. 

Of  complications  of  tabes  outside  the  nervous  system,  valvular  heart  dis- 
ease is  the  most  important,  and  usually  develops  without  any  of  the  usual 
antecedents  of  heart  disease,  and  at  an  age  at  which  degeneration  is  unlikely. 
Aortic  regurgitation  is  especially  frequent.  It  is  not  improbable  that  the 
cardiac  and  neural  diseases  own  a  common  cause — syphilis,  and  that  the 
valvular  lesion  is  due  to  the  syphilitic  process  that  is  known  sometimes  to 
attack  the  cardiac  and  especially  the  aortic  valves. 

Pathological  Anatomy. — In  most  cases  the  spinal  cord  presents  changes 


Fig.  112. 


Tabes  with  ataxy  of  the  arms  as  well  as  the  legs.  Section  of  cord  in  cer- 
vical region,  showing  sclerosis  of  the  post.-med.  column  and  root  zone 
of  post.-ext.  col.    Degeneration  of  left  ant.  cornu. 

visible  to  the  naked  eye.  The  posterior  columns  have  a  gray  translucent 
appearance,  which  is  due  to  the  loss  of  the  white  myelin  of  the  nerve  fibres, 
and  to  an  increase  of  the  connective  tissue  ("gray  degeneration  ").  The 
whole  of  the  posterior  columns  may  be  thus  changed,  or  only  parts  of 
them,  the  distribution  of  the  visible  alteration  being  that  of  the  histological 
changes  revealed  by  the  microscope  and  presently  to  be  described.  In  the 
cord  hardened  by  bichromate  of  potash  or  chromic  acid,  the  difference  of 
tint  in  the  diseased  areas  is  even  more  distinct  than  it  is  in  the  fresh  organ. 
The  posterior  columns  are  also  smaller  than  normal,  because  the  bulk  of  the 
connective  tissue  is  less  than  that  of  the  normal  fibres ;  hence  the  shape  of 
the  cord  is  slightly  changed. 

In  a  section  of  the  cord  stained  with  carmine  or  other  agent,  and  exam- 
ined under  the  microscope,  the  affected  areas  are  conspicuous  by  the  deep 
staining  of  the  connective  tissue.  The  position  of  the  excess  of  this  tissue, 
of  the  "sclerosis,"  as  it  is  termed,  indicates  the  place  in  which  the  nerve 
fibres  have  degenerated.  In  the  most  frequent  condition,  in  which  the  legs 
only  are  affected,  the  sclerosis  occupies  the  whole  of  the  columns  in  the 
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lumbar  region  (Fig.  in),  but  it  is  often  slight  in  the  anterior  parts  of  the 
postero-external  columns,  which  may  even  be  free  from  sclerosis,  and  in  the 
middle  of  these  columns  many  normal  nerve  fibres  may  be  mingled  with 
tracts  of  connective  tissue.  The  sclerosis  is  most  dense  in  the  part  adjacent 
to  the  posterior  cornu,  through  which  the  posterior  root  fibres  run,  and  near 
the  surface  of  the  cord.  Above  the  lumbar  enlargement  the  affection  of  the 
postero-external  columns  gradually  ceases,  but  the  degeneration  is  intense 
in  the  postero-median  columns,  and  has  the  distribution  of  an  ascending 
degeneration,  as  it  in  fact  is,  receding,  in  the  upper  cervical  region,  from  the 
commissure.  (Compare  Fig.  in  with  Fig.  67,  p.  131.)  In  other  cases  the 
external  band  of  sclerosis,  adjacent  to  the  cornu,  extends  up  through  the 
dorsal  cord  and  even  through  the  cervical  enlargement,  blending  with  the 
median  tract  at  the  periphery  (Fig.  112).  The  median  degeneration  then 
extends  up  to  the  commissure  throughout  the  cervical  region,  just  as  does 
the  secondary  degeneration  that  results  from  a  cervical  lesion  (see  Fig.  69, 
p.  131).  But  in  the  cervical  enlargement  the  unaffected  area  in  the  anterior 
part  of  the  postero-external  column  is  usually  much  larger  than  in  the  lum- 
bar enlargement. 

In  rare  cases,  of  severe  degree  and  long  duration,  the  posterior  columns 
are  occupied  by  connective  tissue  in  their  w-hole  extent  from  one  end  of  the 
cord  to  the  other.  A  few  fibres  of  the  posterior  roots  and  a  few  vertical 
fibres  near  the  commissure  may  alone  be  recognizable.  An  instance  of 
such  complete  sclerosis  is  shown  in  Fig.  113. 

On  the  other  hand,  in  slight  cases,  in  which  the  disease  is  still  in  the  first, 
or  in  the  commencement  of  the  second  stage,  the  sclerosis  is  moderate  in 
degree  even  in  the  regions  of  the  cord  most  affected.  The  separation  of 
the  sclerosed  areas  in  the  postero-external  and  postero-median  columns  may 
be  distinct  throughout  the  cord,  except  in  the  lumbar  enlargement,  where 
the  median  degeneration  expands  into  the  external  column.  The  sclerosis 
of  the  postero-external  column  is  then  usually  limited  to  the  root  zone,  and 
varies  in  width,  according  to  the  width  of  the  area  of  the  column  through 
which  the  root  fibres  pass.  In  the  dorsal  region  there  is  usually  a  narrow 
band  of  sclerosis  close  to  the  posterior  cornu ;  in  the  lumbar  region  it 
reaches  almost  to  the  median  septum.  The  anterior  part  of  the  post.-exter- 
nal  column  is  often  free  from  disease.  In  some  instances,  however,  a  very 
slight  degree  of  sclerosis  extends  from  the  most  affected  tracts  through  the 
rest  of  the  columns  and  is  generally  greatest  in  their  posterior  half.  This 
condition  existed  in  the  very  instructive  case  shown  in  Fig.  114.  The 
intensification  of  this  diffuse  sclerosis  in  the  root  zone  and  median  columns 
is  very  distinct,  although  the  affection  of  the  latter  is  unusually  slight. 
There  is,  moreover,  in  the  dorsal  region,  sclerosis  of  another  part  of  the 
postero-external  column — the  comma-shaped  tract  of  short  fibres,  which 
degenerates  downward  for  a  few  inches  below  a  transverse  lesion  of  the  cord 
(see  p.  133  and  Figs.  69  and  98,  f).  It  is  most  distinct  at  d,  8,  but  can  be 
traced  up  to  the  cervical  region,  where  its  form  is  changed. 

The  antero-lateral  columns  may  be  perfectly  normal,  even  when  the  dis- 
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Fig.  113. 


^Locomotor  ataxy :  extreme  incoordination  and 
anaesthesia  in  both  arms  and  legs ;  the  poste- 
!*;<  rior  columns  are  sclerosed  throughout  the 
k'  cord  in  their  entire  extent.  A,  upper  cervi- 
cal, B,  Cj  D,  dorsal,  E,  lumbar  regions.  In 
D  there  is  also  some  degeneration  of  the 
intermediate  gray  substance. 
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ease  of  the  posterior  columns  is  great.  Often,  however,  in  old  cases,  there 
is  a  slight  general  increase  in  the  connective  tissue  throughout  the  cord. 
Sometimes  there  is  distinct  sclerosis  of  other  definite  tracts.  The  ascending 
antero-lateral  tract  may  be  degenerated  above  the  lower  dorsal  region,  below 
which  it  seems  not  to  exist ;  the  fibres  probably  pass  to  it  from  the  posterior 
commissure  in  the  lower  dorsal  region.  An  example  of  this  degeneration  is 
shown  in  Fig.  in.  The  direct  cerebellar  tract  is  also  occasionally  diseased, 
but  certainly  less  frequently  than  has  been  alleged.  In  rare  cases  there  is  a 
distinct  degeneration  of  the  pyramidal  tracts.  The  peripheral  layer  of  the 
antero-lateral  column  is  occasionally  the  seat  of  sclerosis,  the  connective 
tissue  extending  in  from  the  pia  mater ;  this  is  usually  also  thickened,  appa- 
rently from  chronic  inflammation,  which  will  be  again  referred  to. 

In  slight  cases  it  is  difficult  to  distinguish  any  change  in  the  gray  matter 
of  the  cord,  although  it  is  probable  that  there  is  an  atrophy  of  some  of  the 
nerve  cells  and  fibres  in  the  posterior  horn.  In  more  advanced  cases  such 
atrophy  is  constant,  as  Lockhart  Clarke  first  showed.  The  posterior  com- 
missure may  also  be  smaller  than  normal.  The  posterior  vesicular  column 
(of  Clarke)  shows  distinct  degeneration  in  many  cases.  Some  atrophy  of  the 
plexus  of  fine  fibres  contained  in  these  columns  is  said  to  be  almost  invariable 
(Lissauer).  In  other  cases  the  change  is  greater,  the  cells  and  vertical  fibres 
waste,  and  only  a  few  shrunken  cells  scattered  through  a  translucent  nucleated 
tissue  may  remain.  The  atrophy  of  the  cells  is  said  to  be  associated  with 
sclerosis  of  the  direct  cerebellar  tract.  When  the  cells  are  unaffected,  although 
the  intervening  substance  is  diseased,  the  cerebellar  tract  may  be  normal,  and 
the  fibres  passing  to  it  from  the  front  of  the  vesicular  tract  may  be  unaffected. 
The  degeneration  of  the  gray  matter  often  extends  into  the  intermediate 
region  between  the  cornua  (Fig.  113,  b);  the  intermediate  lateral  tract  of 
cells  may  be  atrophied,  and  occasionally  even  the  anterior  cornu  and  its 
cells  suffer  in  a  similar  way  (Figs.  112,  114,  d,  i).  This  change  is  met 
with  in  the  cases  in  which  there  is  secondary  muscular  atrophy. 

The  sclerosis  varies  considerably  in  its  histological  characters.  In  slight 
cases,  there  is  merely  a  moderate  thickening  of  the  trabecular  and  their 
branches.  The  larger  tracts  are  more  fibrous  than  normal,  and  more  nuclei 
are  seen  than  in  health.  Everywhere  the  new  growth  of  connective  tissue 
proceeds  chiefly  from  the  preexisting  tracts,  trabeculae,  vessel  walls,  etc. 
When  the  change  is  considerable,  the  trabecular  are  very  broad,  and  areas 
seem  to  consist  wholly  of  connective  tissue,  fibrillated  and  nucleated.  In 
old  cases  there  is  sometimes  little  appearance  of  fibrillation  in  the  most 
affected  region  ;  cells  and  thickened  vessels  lie  in  granular  or  homogeneous 
tissue.  From  the  parts  most  affected,  the  nerve  fibres  have  wholly  disap- 
peared. In  other  parts,  however,  close  examination  reveals  many  fibres 
narrower  than  normal,  and  many  points  that  may  possibly  be  axis  cylinders. 
The  walls  of  the  vessels  are  usually  increased  in  thickness,  sometimes  to 
a  very  considerable  degree.  The  coat  next  the  endothelium  may  be  thick- 
ened and  contain  many  nuclei,  but  the  chief  thickening,  in  most  cases,  is 
in  the  outer  coat  and  adventitia.     The  vessels  are  most  affected  near  the 
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posterior  median  septum,  the  posterior  surface,  and  the  gray  matter.  From 
the  thickened  wall  trabeculae  pass  off  into  the  adjacent  tissue.  The  pia 
nater  is  sometimes  thickened  over  the  posterior  columns  •  the  vessels  in  it 
may  be  similarly  changed.  The  alteration  in  the  membrane  may  extend 
over  the  neighboring  part  of  the  lateral  column,  and  even  around  the  cord 
(Fig.  115),  and,  as  already  stated,  septa  passing  from  it  into  the  cord  may 
be  thickened  in  the  circumferential  zone.  In  cases  of  rapid  course,  pro- 
ducts of  degeneration,  masses  of  myelin  and  granule  corpuscles,  may  be 
found  in  the  affected  parts. 

In  rare  cases  other  lesions  are  found  in  the  cord,  corresponding  to  the 
complications  already  described.  The  lateral  columns  may  be  sclerosed 
apart  from  any  thickening  of  the  membranes.  Diffuse  myelitis  may  be  met 
with,  and-,  occasionally,  characteristic  insular  sclerosis  has  been  found  in 
the  cervical  region  with  posterior  sclerosis  in  the  lumbar. 

The  posterior  nerve  roots  may  appear  normal  in  slight  cases;  it  must  be 

Fig.  115. 


Tabes.  Chronic  meningitis.  Cervical  region.  Sclerosis  of  post. -median 
columns  and  slight  diffuse  sclerosis  of  the  cord,  least  in  ant.  cols., 
dense  in  the  right  lateral  column.  Thickened  pia  mater,  and  damage 
to  subjacent  superficial  layer  of  the  cord. 

remembered  that  only  a  considerable  degree  of  disease  can  be  detected 
even  by  the  microscope.  Often  their  disease  is  conspicuous ;  when  the 
cord  is  much  affected  they  are  invariably  atrophied,  gray  and  thin  to  the 
naked  eye,  and  the  microscope  shows  wasting  of  the  nerve  fibres  and  slight 
increase  of  connective  tissue.  The  change  may  extend  down  to  the  gang- 
lia, where  it  ceases.  The  ganglia  themselves  are  almost  always  normal  in 
structure,  and  the  mixed  nerve  beyond  them  is  free  usually  from  degenera- 
tion. The  anterior  nerve  roots  are  altogether  normal,  except  in  the  rare 
cases  in  which  the  anterior  cornua  have  suffered,  and  then  some  of  their 
fibres  may  be  degenerated.  In  this  case  these  atrophied  fibres  may  be 
traced  also  in  the  mixed  nerve  trunk  beyond  the  ganglion. 

The  peripheral  spinal  nerves  have  been  recently  found  to  undergo  atrophy 
in  a  large  number  of  cases  of  tabes.*     The  change  consists  in  a  wasting  of 

*  The  first  observation  was  made  by  Westphal,  but  the  extent  and  significance  of  the 
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the  nerve  fibres,  beginning  in  the  white  substance,  which  may  be  reduced 
to  a  very  narrow  layer.  Ultimately  the  axis  cylinders  perish.  There  may 
be  a  slight  increase  in  the  interstitial  tissue  and  nuclei,  but  the  change 
seems  to  commence  in  the  nerve  fibres  themselves.  The  degeneration  is 
greatest  in  the  cutaneous  nerve  filaments,  and  lessens  in  degree  as  the 
nerves  are  examined  higher  up.  In  nerves  one  or  two  millimetres  thick  it 
is  still  considerable,  although  there  are  more  healthy  fibres  than  in  the 
peripheral  twigs.  In  larger  nerve  trunks  it  gradually  ceases,  and  near  the 
spine  the  nerves  are  always  healthy.  The  sensory  fibres  seem  to  be 
exclusively  affected.  The  lesion  has  hitherto  been  found  chiefly  in  the 
sensory  nerves  that  supply  the  skin  and  joints,  but  that  the  sensory  nerves 
of  muscle  undergo  a  similar  change  has  been  ascertained  by  D6jerine.  The 
peripheral  degeneration  is  found  most  commonly  in  the  legs,  but  is  met 
with  also  in  the  arms  when  these  are  the  seat  of  symptoms.  The  change  in 
the  nerves  bears  no  relation  to  that  in  the  spinal  cord  in  degree,  or  even  in 
existence,  for  extreme  alterations  have  been  found  in  the  nerves  when  the 
cord  is  quite  normal.  On  the  other  hand,  in  some  cases,  the  nerves  have 
been  examined  and  found  healthy. 

The  optic  nerves  when  atrophied  present  wasting  of  the  nerve  fibres,  and 
very  often  a  remarkable  increase  in  the  interstitial  connective  tissue,  which 
forms  thick  tracts,  of  gelatinous  aspect,  between  the  bundles  of  nerve  fibres. 
Degeneration  of  the  ascending  root  of  the  fifth  nerve  has  been  found  (first 
by  Westphal  in  1864)  in  cases  in  which  symptoms  were  present  in  the  area 
of  its  distribution.     Sclerosis  of  the  third  nerve  has  also  been  found. 

Pierret  has  described,  as  common  in  cases  with  vasomotor  and  visceral 
symptoms,  a  degeneration  of  the  intermedio-lateral  tract  and  adjacent 
nerve  fibres  in  the  upper  part  of  the  cord,  traceable  up  the  medulla  oblongata 
in  the  region  of  the  so-called  "  slender  column,"  adjacent  to  the  accessory, 
glossopharyngeal,  and  pneumogastric  nuclei  from  which  it  is  supposed  that 
the  chief  visceral  and  vasomotor  influences  are  exerted.  The  sympathetic 
has  been  examined  in  several  cases,  and  found  healthy,  with  one  exception, 
in  which  the  sympathetic  on  the  left  side  of  the  neck  was  degenerated  in 
association  with  left  exophthalmos. 

In  the  cases  in  which  arthritic  symptoms  have  been  present  during  life,  or 
fractures  have  occurred,  conspicuous  changes  are  found  after  death.  There 
is  occasionally  an  extraordinary  wasting  of  the  articular  ends  of  the  bones, 
which  seems  to  begin  by  rapid  erosion  of  the  cartilages,  extending  quickly  to 
the  bone  beyond,  the  extremity  of  which  may  be  much  reduced  in  size  and 
altered  in  form.  In  the  hip  joint,  for  instance,  in  a  case  recorded  by  Char- 
cot, the  edges  of  the  acetabulum  had  been  removed,  and  the  whole  of  the 
head  of  the  femur  and  most  of  the  trochanter  had  disappeared  (Fig.  116). 

Similar  changes  have  been  found  in  most  of  the  larger  joints.  In  the 
bones,  the  compact   tissue  has  been  found  thinner  and  more  porous  than 


change  in  the  nerves  was  pointed  out  by  Pierret  (1880),  and  his  observation  was  soon  after 
confirmed  and  extended  by  Dejerine  and  Pitres. 
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normal.  At  the  seat  of  old  fractures  a  large  amount  of  bony  callus  is 
formed  (Fig.  116),  and  sometimes  new  bone  is  found  in  the  capsule  of 
joints  that  have  been  injured. 

Pathology. — The  great  fact  of  the  pathology  of       .__       Fia' II6' 

tabes  is  that  it  is  a  neural  degeneration  in  the  sensory  /<<;■ . 

nervous  system,   peripheral  and  central.      In  both  ( *-?']  \ 

peripheral  nerves  and  spinal  cord,  the  incidence  of  '\\  j 

the  disease  is  almost  exclusively  on  sensory  structures,  ;Hj\S 

and  the  changes  seem  to  begin  in  the  nerve  elements  %    i 

themselves.     The  cerebral  system  suffers  in  far  less  $';.«]  \{};'  \ 

degree  than  the  spinal,  and  in  more  irregular  form,  jj,;f|  ^--rf 

but  in  the  occasional  peripheral  degeneration  of  the  £.!^;,||  V --'//' • 

optic  nerve  and  the  central  changes  in  the  roots  of  the  •''>'/."  *  K > ,' . 

fifth  we  may  trace  the  same  law  of  distribution.     It  fi.-A:''  li'*1': 

is  less  dominant,  however,  than  in  the  spinal  system,  \; ''"' ,  {  H  ''""''?  -;  j 

since  some  of  the  cranial  nerve  symptoms  are  ex-  ;'?,vi         ft  -?'•»'  \ 

clusively   motor.     The  motor  character  of  the  lead-  vOV.I         s'i--M  ;,',:-' I 

ing  symptom,  ataxy,   is,   as  we  shall  see,   only  an  [(:;:)'!         jf.;# ;  |  K'-.  1 

apparent  and  not  a  real  exception  to  the  general  he',  j        kp  ,  U;  ■  i 

sensory  character  of  the  malady.  i  *|i;*  j 


The  degeneration,  it  has  just  been  said,  must  be  l.-'C   !          i ;, . 

regarded  as  commencing  in  the  nerve  elements  them-  ,   , 

selves;   the  overgrowth  of  connective  tissue,  which  ,:i -'",<■       /*'•'■/.., 

gives  to  the  lesion  its  obtrusive  character,  is  second-  l-"^J:i.i\    h-'>? ':>.'■) k-  S 

ary.     That  this  is  true  of  the  spinal  cord  lesion  has,  yfp8lk0        M    ^4j 

indeed,  been  doubted,  chiefly  on  the  ground  of  the  Osseous  lesions  in  tabes.  (After 

thickening  of  the  walls  of  the  vessels  seen  in  some  head  of  the  femur,  b.  Exces- 

.   t ,  .  .  .    .       .  -  sive  formation  of  callus  after 

cases,  and  the  manner  in  which  the  increase  of  tissue     so-caiied"  spontaneous  "frac- 

,     r  ,-,  t\    .   .>       ,  f  »»i  ture  of  the  ulna  and  radius. 

seems  to  start  from  them.  But  the  "system  char- 
acter of  a  disease,  the  limitation  of  a  widespread  lesion  in  its  early  stage 
or  slight  degree  to  structures  having  a  common  function,  is  probably  in 
all  cases  proof  of  its  neural  origin,  z.  e.,  its  origin  in  the  nerve  elements 
themselves.  In  tabes  the  evidence  thus  afforded  is  corroborated  by  the 
disease  of  the  peripheral  nerves,  which  unquestionably  commences  in 
the  nerve  fibres,  and  by  the  partial  character  of  the  sensory  loss,  which 
means  the  limitation  of  the  chief  lesion  to  fibres  of  one  sensory  function. 
There  is  every  gradation,  moreover,  between  the  cases  in  which  the  ves- 
sels of  the  cord  suffer  much,  and  those  in  which  they  are  unchanged, 
and  in  which  there  is  nothing  even  to  suggest,  an  initial  interstitial 
process.  The  change  in  the  vessels  may  reach  a  high  degree  in  the 
posterior  median  columns  when  their  degeneration  is  secondary,  and  cer- 
tainly commences  in  the  nerve  fibres  ;  a  similar  thickening  of  the  vessels  has 
also  been  met  with  in  some  other  instances  of  purely  secondary  degenera- 
tion. We  must,  moreover,  remember  that  the  overgrowth  of  the  neuroglia 
is  a  pathological  process  of  growth  distinguishable  from  the  degeneration  of 
the  fibres  that  excites  it.     It  may  vary  in  degree  in  different  cases,  and  does 
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so  conspicuously  in  secondary  degeneration  of  peripheral  nerves,  in  which 
it  may  assume  an  inflammatory  character  independent  of  any  propagated 
inflammation  from  the  primary  lesion.  Moreover  the  growth  of  new  is 
mainly  from  old  tissue,  and  the  chief  new  tracts  are  clearly  determined  in 
position  by  the  preexisting  tissue.  The  neighborhood  of  vessels  seems  the 
place  in  which  connective  tissue  grows  most  readily.  It  is  from  the  trunk 
that  the  twigs  of  a  pollard  willow  spring,  but  they  would  not  grow  there  had 
not  the  branches  been  lopped  off.  Once  excited,  the  energy  of  tissue 
growth  may  be  in  some  degree  independent  of  its  cause.  Some  vascular 
disturbance  may  attend  it,  and  thus  asubinfiammatory  condition  is  probably 
sometimes  developed,  which  may  invade  the  pia  mater,  and  through  this 
may  spread  widely.  Whether,  in  some  cases,  a  constitutional  state,  disposing 
to  tissue  overgrowth  and  tissue  inflammation  (as  syphilis  perhaps  does  in 
certain  stages),  may  determine  the  degree  of  the  interstitial  change,  is  a 
problem  of  much  interest,  which  does  not,  however,  affect  the  question 
which  has  been  just  discussed. 

The  relation  of  the  disease  to  syphilis  is  as  obscure  in  nature  as  it  is  cer- 
tain in  fact.  There  is  nothing  in  the  histological  character  of  the  lesion 
that  can  be  compared  with  the  morbid  processes  that  are  recognized  as 
certainly  syphilitic.  There  is  nothing,  therefore,  to  warrant  the  opinion  that 
any  morbid  germs  deposited  in  the  cord  or  nerves  lead  to  the  development 
of  the  disease.  It  is  probable  that  syphilis  leaves  behind  it  a  predisposition 
to  nerve  degeneration,  lowers,  in  certain  nerve  elements,  the  capacity  for 
resisting  morbid  influences,  leaves  many  patients  in  a  condition  analogous 
to  that  of  one  who  inherits  a  predisposition  to  neural  diseasas.  Thus  we  can 
understand  the  length  of  time  that  often  intervenes  between  the  syphilis  and 
the  first  symptoms  of  tabes,  the  cooperation  of  other  causes,  and  likewise 
the  fact  that  other  degenerative  diseases,  besides  locomotor  ataxy,  sometimes 
occur  in  those  who  have  had  constitutional  syphilis. 

The  pathological  facts  already  known  afford  an  adequate  and  easy  expla- 
nation of  many  of  the  symptoms  of  the  disease.  There  may  be  an  interrup- 
tion of  the  sensory  path  in  one  or  both  of  two  places,  in  the  peripheral 
nerves,  and  in  the  posterior  root  fibres  as  they  enter  the  cord,  and  an  inter- 
ruption of  the  fibres  in  either  place  will  explain  the  loss  of  sensibility  which  is 
so  frequently  present.  The  pains  may  reasonably  be  ascribed  to  the  molecular 
changes  of  the  process  of  degeneration  in  the  nerve  fibres,  either  in  the 
periphery  or  in  the  cord.  The  intensity  of  a  sensation  is  no  measure  of  that 
of  the  change  that  causes  it.  Whether  the  affection  of  the  sensory  cells  of 
the  cord  takes  part  in  the  production  of  the  pain  we  cannot  tell ;  such  a 
mechanism  is  not  improbable,  since  it  is  certain  that  degeneration  occurs  in 
the  posterior  horns,  and  the  affection  of  the  antero-lateral  ascending  tract 
may  be  taken  as  evidence  of  the  degeneration  of  the  cells  in  which  some 
sensory  fibres  from  the  skin  terminate.*     The  loss  of  reflex  action  from  the 

*  In  disease  of  the  nerve  roots  of  the  Cauda  equina  there  is  always  ascending  degeneration 
of  the  posterior  median  columns,  but  not  of  the  antero-lateral  ascending  tract.     I  have 
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skin  is  explained  by  the  interruption  of  the  sensory  path,  and  an  increased 
irritability  of  the  sensory  nerves,  the  result  of  the  commencing  degenera- 
tive changes,  sufficiently  explains  both  the  hypereesthesia  and  the  increase 
of  reflex  action  sometimes  observed  (see  p.  157).  Whatever  theory  of  the 
nature  of  the  so-called  "tendon  reflex  "  action  is  held,  the  loss  of  the  knee 
jerk  must  be  explained  by  an  interruption  of  the  sensory  path.  On  the  the- 
ory I  have  advanced,  the  arrest  of  impressions  from  the  sensory  muscular 
nerves  abolishes  the  muscle  reflex  action  on  which  the  local  irritability 
depends.  Many  other  facts  of  disease  show  that  this  irritability  is  easily 
lost,  and  that  a  very  slight  change  in  any  part  of  the  reflex  arc,  too  slight 
to  cause  other  symptoms,  is  sufficient  to  arrest  the  knee  jerk.*  Hence  we 
can  understand  that  this  loss  should  be  constant  and  early.  It  is  not  improb- 
able, moreover,  that  these  nerves  suffer  in  special  degree.  The  muscles  may 
be  insensitive  to  pain  as  of  electrical  stimulation.  Pressure  and  extension, 
which  in  health  are  painful,  sometimes  cause  no  sensation,  even  when  the 
skin  is  sensitive. 

The  mechanism  of  the  muscular  incoordination,  which  is  the  obtrusive 
symptom  of  the  disease,  has  been  the  subject  of  much  discussion.  Two  fun- 
damental facts,  however,  limit  the  problem.  First,  the  ataxy  cannot  be 
primarily  due  to  the  loss  of  cutaneous  sensibility.  Disease  of  the  conduct- 
ing path  in  the  cord  may  cause  absolute  anaesthesia  of  the  skin  without  the 
kast  ataxy.  Although  this  does  not  prove  that  interruption  of  the  sensory 
path  in  the  nerves,  between  the  skin  and  the  reflex  centres,  may  not  cause 
incoordination,  this  element  seems  to  be  excluded  by  the  fact  that  there  is 
no  relation  between  the  ataxy  and  the  loss  of  feeling  in  the  skin.  There 
may  be,  in  tabes,  much  ataxy  without  any  cutaneous  anaesthesia,  and  vice 
versa.  The  second  fact  is  that  ataxy  may  exist  in  considerable  degree  when 
the  lesion  is  solely  one  of  the  peripheral  nerves,  and  the  posterior  columns 
of  the  cord  are  free  from  disease.")"  These  two  facts,  taken  together,  seem 
to  show  that  the  ataxy  may  be  produced  by  one  mechanism,  even  operating 
alone,  the  disease  of  the  sensory  muscle  nerves.  If  the  loss  of  the  knee  jerk 
in  tabes  is  to  be  taken,  as  I  believe  it  may,  as  an  indication  of  the  disease  of 
these  nerves,  the  constancy  of  the  loss  shows  the  constancy  of  the  presence 
of  this  element  in  some  degree.  As  just  stated,  a  very  slight  degree  of  dis- 
ease may  abolish  the  knee  jerk;  it  is  probable  that  a  considerable  degree  is 
needed  to  cause  incoordination. 
In  unilateral  lesions  of  the  spinal  cord,  as  we  have  already  seen  (p.  166), 

recently  had  an  opportunity  of  ascertaining  this.  Hence  the  root  fibres  from  which  the  path 
is  continued  by  this  tract  must  end  in  nerve  cells  in  the  posterior  cornua,  and  the  degenera- 
tion  of  this  tract  in  tabes  is  proof  of  the  degeneration  of  these  sensory  cells.  See  the  Lan- 
cet, June  19,  1886. 

*  e.  g.  its  loss  after  diphtheria  when  there  are  no  other  symptoms. 

f  Apart  from  the  evidence  of  this  from  cases  of  true  tabes,  a  very  instructive  case  has  been 
recently  recorded  by  Dr.  Hughes  Bennett,  in  which  all  the  symptoms  of  tabes  were  present 
in  a  case  of  multiple  tumors  of  the  posterior  nerve  roots  ( Clinical  Soc.  Transactions,  vol. 
xviii). ' 

20 
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there  may  be  loss  of  the  sense  of  posture,  with  intact  cutaneous  sensibility, 
on  the  side  of  the  lesion,  and  no  loss  of  this  sense  on  the  opposite  side,  on 
which  cutaneous  sensibility  is  lost.  In  such  a  case  marked  ataxy  has  been 
observed  on  the  side  on  which  the  sense  of  posture  was  lost,  when  motor 
power  returned.*  Whatever  effect  in  causing  ataxy  is  produced  by  disease 
of  the  path  of  muscular  sensibility  in  the  spinal  cord  must  also  be  produced 
by  interruption  of  the  path  between  the  muscles  and  the  cord.  The  latter 
must  also  arrest  whatever  reflex  action  depends  upon  these  muscle  nerves, f 
and  it  is  possible  that  such  reflex  action  takes  some  part  in  the  mechanism  of 
muscular  incoordination. 

In  this  connection  it  is  important  to  note  that  the  fibres  that  pass  up  by  the 
posterior  median  columns  probably  constitute  the  path  from  these  nerves. 
The  root  fibres  to  the  columns  seem  to  pass  up,  as  the  path  is  proved  to  do, 
without  decussating,  and  they  may  be  diseased  in  intense  degree  when  there 
is  no  loss  of  cutaneous  sensibility.  This  tract  is  affected  in  almost  all  cases 
of  tabes  in  which  there  is  a  lesion  in  the  cord,  and  in  all  such  cases  in  which 
there  is  ataxy.  This  fact  suggests  that  the  lesion  of  the  root  fibres  is  first  and 
chiefly  of  those  from  the  muscles.  J 

The  posterior  median  columns  (extensively  connected  with  the  cerebellum) 
and  the  direct  cerebellar  tract  probably  conduct  to  the  cerebellum  the 
impressions  from  the  sensory  muscle  nerves.  If  so,  the  disease  of  these 
tracts  and  nerves  must  interfere  with  the  coordinating  action  of  the  cerebel- 
lum and  cause  some  part  of  the  loss  of  function  which  results  from  the  dis- 
ease of  the  cerebellum  itself. 

There  is  another  mechanism  which  may  cooperate  in  increasing  ataxy. 
The  vertical  fibres  of  the  postero-external  column  have  only  a  short  course, 
and  some  probably  connect  the  posterior  gray  matter  at  adjacent  levels. 
The  affection  of  these  fibres  seems  to  be  proved  by  the  interesting  fact 
already  mentioned  (Fig.  114)  that  the  comma-shaped  bundle  of  fibres  in  the 
front  of  the  post. -external  column  may  be  specially  degenerated.  This 
lesion  may  impair  the  association  of  the  sensory  structures,  and  so  cause  a 
want  of  harmony  in  the  central  mechanism.  The  theory  that  the  ataxy  was 
due  to  this  cause  was  advanced  by  Todd  in  1847.     I'  is  not  probable  that, 


*  Gilbert ;  see  footnote,  p.  1 66. 

f  In  a  case  in  which  the  incoordination  was  much  greater  in  the  right  leg  than  in  the  left, 
and  cutaneous  sensibility  was  equally  impaired  in  the  two,  a  strong  traction  on  the  calf 
muscles,  by  forcible  passive  flexion  of  the  foot,  produced  a  distinct  sensation  in  the  extended 
muscles  of  the  left  leg,  and  no  sensation  in  those  of  the  right.  In  another  case,  in  which  the 
skin  was  sensitive  to  the  slightest  touch,  the  patient  was  unconscious  of  a  vigorous  extension 
of  the  toes  produced  by  faradaic  stimulation  of  their  short  extensor.  This  tract  is  most  dis- 
eased on  the  side  opposite  to  that  on  which  there  is  most  degeneration  of  the  anterolateral 
ascending  tract,  which  probably  conducts  sensations  of  pain. 

X  The  opinion  that  the  ataxy  depends  on  impairment  of  the  muscular  sense  was  put  for- 
ward in  1855  by  Dr.  Russell  Reynolds;  see  p.  286.  Dejerine  has  also  associated  the  ataxy 
with  the  degeneration  of  the  peripheral  sensory  muscle  nerves  [Archives  de  Physiologic,  ^ 
series,  vol.  iii,  p.  231).  , 
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if  effective,  it  has  more  than  an  intensifying  influence,  since  ataxy  may 
exist  when  the  posterior  columns  are  throughout  unaffected. 

Although  cutaneous  ansesthesia  cannot,  alone,  produce  ataxy,  it  may 
reasonably  be  assumed  to  increase  that  which  already  exists.  Sensations  from 
the  skin  furnish  important  guidance  to  the  motor  cerebral  centres,  and  are 
probably  also  concerned  in  such  reflex  muscular  actions  as  that  of  standing. 
Similar  guidance  to  the  cerebral  coordinating  centres  is  also  afforded  by 
visual  impressions,  the  loss  of  which  distinctly  augments  the  defect  of  coordi- 
nation. 

The  varying  characters  of  the  ataxy  in  different  cases  probably  depend  on 
the  local  variations  in  the  degree  of  change  in  the  muscle  nerves.  If,  as 
Flechsig  believes,  the  direct  cerebellar  tract  conducts  impressions  from  the 
trunk  muscles,  its  disease  may  produce  the  trunk  ataxy  described  on  p.  291.* 

It  is  thus  probable  that  coordination  is  chiefly  an  automatic  process, 
depending  partly  perhaps  on  muscle  reflex  actions,  and  on  the  connection  of 
neighboring  sensory  structures  in  the  spinal  cord,  but  chiefly  on  the  function 
of  the  cerebellum  itself,  and  the  connection  of  the  muscles  with  it,  and  that 
the  interruption  of  this  connection  is  the  chief  element  in  the  incoordina- 
tion of  locomotor  ataxy.  It  is  probable,  also,  that  the  automatic  processes 
are  in  part  under  cerebral  control,  guided  by  sensory  impressions  which  do 
enter  the  sphere  of  consciousness,  and  that  the  derangement  of  this  control 
will  intensify  incoordination,  though  incapable  of  producing  it.  We  do 
not  at  present  know  to  what  extent,  in  any  given  case,  the  symptoms  are 
due  to  the  cord  disease  or  to  the  peripheral  nerve  lesion.  Apparently  pains, 
ataxy,  and  anaesthesia  may  be  due  to  either.  The  question  can  only  be 
decided  by  the  comparison  of  symptoms  and  pathological  changes  in  a  large 
number  of  cases.  That  anaesthesia  may  be  due  to  the  peripheral  changes  is 
proved  by  the  observed  correspondence  of  the  two  in  distribution  (Dejerine). 

The  trophic  changes  in  the  skin,  bones,  and  joints  are  probably  due  to 
the  process  of  degeneration  in  the  peripheral  nerves.  The  degeneration  has 
been  found  in  all  cases  of  the  kind  in  which  it  has  been  looked  for,  and  found 
also  in  the  nerves  of  diseased  joints. 

The  pains  in  the  region  of  the  fifth  nerve  are  explained  by  the  lesions  in 
its  root,  especially  in  its  ascending  root,  which,  coming  up  from  the  medulla, 
is  homologous  with  the  posterior  spinal  roots.  This  nerve,  indeed,  as  Pierret 
has  pointed  out,  represents  the  sensory  roots  of  almost  all  the  motor  cranial 
nerves.  The  degeneration  of  the  optic  nerve  is  fairly  comparable  with  that 
of  the  peripheral  spinal  nerves.  Considering  the  special  character  of  the 
optic  nerve  the  absence  of  degeneration  of  the  retina  does  not  seem  to 
destroy  the  analogy  between  the  two.  Regarding  the  pathology  of  the 
visceral  crises  we  know  but  little.     The  changes  observed  by  Pierret  in  the 

*  As  already  mentioned,  the  fibres  in  the  posterior  vesicular  columns  may  be  degenerated, 
when  the  cells  suffer  but  little,  and  the  fibres  from  this  column  to  the  direct  cerebellar  tract, 
and  this  tract  itself,  are  unaffected.  Hence  the  function  subserved  by  this  tract  may  be  lost, 
from  the  peripheral  degeneration  of  the  fibres  to  the  vesicular  column,  when  the  tract  itself 
is  not  diseased. 
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neighborhood  of  the  centre  for  the  pneumogastric  may  be  indications  of 
the  cause  of  the  disturbances  that  occur  within  the  range  of  this  nerve. 

The  transient  motor  symptoms  in  the  limbs  and  in  the  eyeball  muscles  are 
apparently  of  functional  origin.  They  must  be  distinguished  from  the  lasting 
palsies  which  are  probably  due  to  degenerative  processes.  Sclerosis  of  the 
third  nerve  has  been  observed,  and  the  loss  of  function  of  the  internal  ocular 
muscles  must  be  ascribed  to  degeneration  of  the  related  centres  in  the  nucleus 
of  the  third  nerve.  In  the  account  of  the  diseases  of  this  nerve  they  are 
more  fully  described. 

Diagnosis. — The  diagnosis  of  tabes  rests  on  the  combination  of  symp- 
toms already  described.  In  the  early  stage,  the  loss  of  the  knee  jerk, 
together  with  pains,  or  unsteadiness  on  standing  with  the  feet  together  and 
the  eyes  closed,  justifies  a  diagnosis  of  the  commencing  affection,  provided 
we  can  exclude  diabetes,  diphtheritic  palsy,  and  also  a  lesion  of  the  anterior 
cornua  or  nerve  roots  by  the  absence  of  wasting  of  the  muscles  and  change 
in  their  irritability.  The  diagnostic  value  of  the  loss  of  the  knee  jerk  can 
hardly  be  overrated.  It  is  probably  never  absent  in  health.  If  there  is 
doubt  as  to  its  loss,  the  precautions  recommended  on  p.  36  should  be  adopted. 
When  it  is  lost  and  reflex  action  is  in  excess,  a  true  reflex  movement  may 
sometimes  simulate  the  jerk';  the  distinction  is  that  the  tap  sometimes  causes 
a  movement  and  sometimes  does  not ;  that  an  interval,  brief  but  appreciable, 
elapses  before  the  movement  occurs ;  and  that  a  similar  movement  is  caused 
by  a  prick  on  the  skin.  In  cases  in  which  the  knee  jerk  is  present,  the  diag- 
nosis of  tabes  is  only  justified  by  distinct  and  characteristic  incoordination. 
In  the  few  cases  of  this  kind  that  have  come  under,  my  own  observation,  the 
knee  jerk  has  been  either  unequal  on  the  two  sides,  Or  has  been  lost  on  one. 
Such  abnormality  is  probably  the  rule  in  these  cases,  and  the  diagnosis  is 
thus  facilitated.  In  a  case  with  lightning  pains,  but  neither  incoordination 
nor  loss  of  knee  jerk,  a  suspicion  of  tabes  would  only  be  justified  by  the 
presence  of  some  other  symptom,  such  as  retention  or  incontinence  of  urine, 
loss  of  sexual  power,  or  loss  of  the  iris  reflex. 

The  last-named  sign  is  of  great  diagnostic  importance.  Its  significance  is 
that  a  degenerative  process  is  at  work  in  the  nervous  system,  and  it  suggests, 
therefore,  that  other  symptoms  are  also  due  to  degeneration.  But  since  the 
iris  reflex  is  not  always  lost  in  tabes,  the  negative  significance  of  a  normal 
reflex  is  far  less  than  is  the  positive  significance  of  its  loss.  The  practical 
value  of  this  symptom  can  hardly  be  overrated.  It  puts  the  observer,  so  to 
speak,  on  the  track  of  nerve  degeneration. 

There  are  certain  diseases  with  which  tabes  is  especially  liable  to  be  con- 
founded. One  of  these  is  multiple  alcoholic  neuritis.  The  ordinary  form 
of  this  disease  is  readily  distinguished  by  the  symmetrical  paralysis  which  is 
its  chief  manifestation.  In  the  rare  variety  of  alcoholic  nerve  degeneration 
which  closely  resembles  locomotor  ataxy  in  its  symptoms,  "  alcoholic  pseudo- 
tabes" (p.  116),  the  diagnosis  may  be  very  difficult.  The  disease,  moreover, 
resembles  tabes  pathologically,  since  the  lesion  is  a  "  parenchymatous  neuri- 
tis," subacute  degeneration,  beginning  in  the  nerve  fibres.     It  often  affects, 
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however,  in  some  degree  the  motor  as  well  as  the  sensory  nerves,  and  there 
is  then  some  weakness  in  the  distal  portions  of  the  limbs.  An  altered  elec- 
trical reaction  may  be  found  in  the  muscles,  and  there  is  generally  marked 
muscular  tenderness,  scarcely  ever  present  in  tabes.  The  pupils  act  nor- 
mally, but  this  is  not  an  absolute  distinction,  since  they  may  be  unaffected  in 
tabes.  A  history  of  alcoholism  also  helps  the  diagnosis.  By  attention  to  all 
these  points,  a  diagnosis  can  generally  be  made  without  much  difficulty.  In 
rare  cases,  without  motor  symptoms,  it  may  be  impossible  (see  p.  117). 

When  the  symptoms  and  lesion  of  tabes  are  combined  with  those  of 
general  paralysis  of  the  insane,  it  may  be  doubtful  in  which  category  a  case 
should  be  placed.  The  question  is  rather  one  of  the  preponderance  of  the 
symptoms  of  one  or  the  other  malady  than  of  absolute  distinction  between 
them.  In  most  cases,  however,  in  which  this  combination  exists,  the  symp- 
toms of  general  paralysis  become  more  pronounced  as  time  goes  on,  and 
the  spinal  symptoms,  which  at  first  were  the  most  conspicuous,  pass  into  the 
background. 

All  common  forms  of  paraplegia  are  distinguished  by  the  early  loss  of 
power,  and  by  the  persistence  of  the  knee  jerk,  often  emphasized  by  its 
excess  and  by  the  occurrence  of  a  clonus  in  the  rectus  or  the  calf  muscles. 
If  weakness  supervenes  in  tabes,  it  is  usually  late  in  the  course  of  the  disease, 
and  other  symptoms  have  been  and  are  well  marked.  If  the  knee  jerk  has 
been  once  lost  in  this  disease,  it  is  not  reproduced  by  secondary  lesions  of  the 
cord  which  ordinarily  increase  the  knee  jerk.  The  same  distinctions  usually 
suffice  for  the  diagnosis  from  the  combined  form  of  paralysis  and  incoordina- 
tion that  IJiave  termed  "ataxic  paraplegia. ' '  In  this  there  is  always  an  exces- 
sive knee  jerk  and  a  foot  clonus,  pains  and  anaesthesia  are  absent,  and  spasm 
supersedes  ataxy.  The  diagnosis  between  the  two  maladies  can  be  better  dis- 
cussed when  this  disease  has  been  described.  In  other  forms  of  combined 
disease  of  the  cord,  those,  for  instance,  in  which  the  symptoms  of  tabes  are 
associated  with  indications  of  multiple  sclerosis  or  of  progressive  muscular 
atrophy,  the  diagnosis  depends  on  the  recognition  of  union  rather  than  on 
the  distinction  of  difference. 

Acute  lesions  of  the  cord,  probably  situated  in  the  postero-external  col- 
umn, may  produce  incoordination  and  pain,  but  the  suddenness  of  the  onset, 
the  limitation  of  the  symptoms,  and  their  tendency  to  subside,  usually  suffice 
for  the  distinction.  Symptoms  from  this  cause  are  far  more  common  in  the 
arms  than  in  the  legs.  Ataxy  in  one  limb  may  be  produced  by  a  tumor 
growing  in  the  posterior  column,  but  other  symptoms  soon  indicate  the  ten- 
dency of  the  disease  to  invade  the  otfier  elements  of  the  cord.  All  these 
cases  present  the  characteristics  of  a  focal  lesion  with  random  consequences, 
rather  than  of  a  system  disease  with  limitation  to  special  function. 

In  cases  of  diphtheritic  paralysis  in  which  the  nature  of  the  sore  throat 
was  not  recognized,  the  loss  of  the  knee  jerk  may  cause  tabes  to  be  suspected, 
but  weakness  is  usually  distinct  from  the  first.  The  danger  of  a  mistake  is 
greater  in  the  rare  cases  in  which  incoordination  is  the  chief  symptom ;  and 
the  persistence  of  ataxy  may  cause  an  impression  that  the  malady  is  really 
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tabes,  even  if  its  relation  to  diphtheria  is  recognized.  The  paralysis  of 
accommodation  and  of  the  palate  which  almost  always  precedes  the  ataxy, 
and  often  passes  away  as  the  latter  develops,  afford  sufficient  proof  of  the 
nature  of  the  spinal  symptoms.  Pains  are  absent  or  trifling  and  there  is  usu- 
ally some  weakness  in  addition  to  the  ataxy.  True  tabes  never  follows  diph- 
theria, and  the  mere  sequence,  therefore,  affords  proof  of  the  nature  of  the 
case,  and  assurance  that  the  symptoms  will  not  be  permanent,  however  long 
they  persist. 

In  the  cases  in  which  the  dorsal  region  of  the  cord  is  chiefly  affected  the 
nature  of  the  disease  is  often  not  recognized.  The  severity  of  the  pains  in 
the  trunk  may  lead  to  a  suspicion  of  disease  of  the  bones;  but  the  two  are 
distinguished  by  the  special  symptoms  of  each  disease  and  also  by  the 
absence  in  tabes  of  the  increase  of  pain  when  the  patient  moves,  character- 
istic of  bone  disease,  and  by  the  fact  that  the  tabetic  pains  are  wide  in  dis- 
tribution and  variable  in  seat,  while  the  pain  of  bone  disease  is  local  and 
constant.  Such  cases  are  sometimes  also  mistaken  for  neuralgia  of  the  inter- 
costal nerves,  but  even  if  there  are  no  pains  in  the  legs,  the  knee  jerk  is  lost. 
A  careful  examination  will  generally  reveal  some  loss  of  sensibility  in  the 
regions  in  which  the  pains  are  felt ;  and  the  light  reflex  of  the  iris,  so  com- 
monly lost  in  tabes,  is  present  in  all  functional  diseases  with  which  tabetic 
pains  may  be  confounded. 

The  only  organic  intracranial  disease  the  symptoms  of  which  present  any 
likeness  to  those  of  tabes  is  tumor  of  the  cerebellum.  In  some  cases  of 
tabes  the  unsteadiness  bears  considerable  resemblance  to  that  of  cerebellar 
origin.  Loss  of  the  knee  jerk  is  strongly  in  favor  of  tabes ;  although,  in 
some  cases  of  cerebellar  tumor,  it  is  said  to  be  lost,  it  is  much  more  commonly 
increased.  Anaesthesia  and  lightning  pains  are  conclusive  evidence  of  the 
spinal  disorder,  while  in  cerebellar  tumor  severe  occipital  headache  is  almost 
invariable,  and  considerable  optic  neuritis  is  extremely  common.  Optic 
nerve  atrophy  is  only  secondary  to  neuritis,  and  loss  of  the  reflex  action  of 
the  iris  to  loss  of  sight. 

The  various  visceral  crises  are  often  mistaken  for  primary  disorders  of  the 
deranged  organs.  Recurring  attacks  of  the  character  described  should 
always  arouse  suspicion  of  their  possible  tabetic  nature,  and  an  examination 
of  the  knee  jerk  will  usually  decide  the  point.  Errors  in  diagnosis  are  usu- 
ally due  to  ignorance  of  the  occurrence  of  these  visceral  symptoms. 

Prognosis. — The  prognosis  in  tabes  corresponds  with  the  facts  stated  as 
to  the  course  of  the  disease.  It  is  not,  as  was  once  thought,  uniformly  bad. 
Arrest  is  frequent,  considerable  improvement  is  not  rare,  but  perfect  recov- 
ery scarcely  ever  takes  place.  The  earlier  the  stage  of  the  disease,  the  better 
is  the  prognosis.  In  the  first  stage  the  chances  are  in  favor  of  arrest.  When 
ataxy  is  developed,  the  prospect  of  arrest  is  less  than  in  the  first  stage,  but 
is  still  considerable.  One  patient  came  under  my  care  fourteen  years  ago 
with  distinct  incoordination,  which  is  no  greater  now  than  it  was  then.  Occa- 
sionally, even  in  the  typical  form  of  the  disease,  the  amount  of  improvement 
is  very  great.     One  patient  was  scarcely  able  to  walk  across  the  room,  in 
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consequence  of  the  incoordination,  when  he  came  under  treatment,  and 
at  the  end  of  six  months  his  gait  was  scarcely  distinguishable  from  that  of 
a  healthy  person.  When  the  third  stage  is  reached  the  possibility  of  improve- 
ment is  far  less,  but  is  not  quite  absent.  A  woman  suffering  from  pure  tabes, 
when  admitted  to  hospital,  had  been  unable  even  to  stand  for  six  months, 
on  account  of  the  extreme  ataxy,  but  she  improved  so  much  that  in  a  few 
months  she  was  able  to  walk  about  the  room  without  help,  and  has  con- 
tinued, now  for  six  years,  to  do  her  household  work  without  difficulty,  and 
even  to  walk  some  miles  with  the  aid  of  a  stick.  But  in  the  cases  that  pre- 
sent most  improvement  all  the  symptoms  of  the  disease  scarcely  ever  disap- 
pear. I  have  only  known  in  one  case  the  knee  jerk  to  return,  and  in  this 
patient  the  disease  had  not  passed  the  first  stage,  although  the  diagnosis  was 
certain.  It  is  difficult  to  find  any  trustworthy  indications  to  guide  the  prog- 
nosis in  an  individual  case.  The  fact  of  preceding  syphilis  influences  the 
prognosis  only  in  one  condition,  when  the  symptoms  develop  rapidly  and 
the  patient  is  seen  soon  after  their  onset,  and  especially  when  they  occur 
within  two  years  of  infection.  In  some  cases  of  this  kind  anti-syphilitic 
treatment  does  great  good.  Even  in  these,  improvement  cannot  be  confi- 
dently anticipated.  I  have  seen  some  cases  of  this  character  in  which  no 
benefit  resulted  from  the  treatment.  In  most  cases  the  only  trustworthy 
guide  to  prognosis  is  the  observed  tendency  of  the  individual  case. 

Of  special  symptoms,  the  pains  are  often  the  most  distressing,  and  unfor- 
tunately they  are  the  most  obstinate  symptom  of  the  disease.  They  may 
persist  in  undiminished  severity  when  other  symptoms  lessen,  and  on  the 
other  hand  they  may  become  trifling  when  the  disease  increases.  Diminu- 
tion of  the  pain  is  a  good  sign  if  other  symptoms  are  stationary,  but  not  if 
they  increase.  The  optic  nerve  atrophy  is  usually  progressive,  but  not  so 
uniformly  as  is  often  asserted.  In  a  few  cases  I  have  known  its  progress  to 
be  permanently  arrested.  Strange  to  say,  the  occurrence  of  optic  nerve 
atrophy  makes  the  prognosis  as  to  the  spinal  symptoms  better ;  in  most  cases 
of  atrophy  the  spinal  lesion  remains  in  the  first  stage. 

Treatment. — It  is  important,  in  every  case,  that  all  influences  likely  to 
depress  the  nervous  system  should  be  avoided.  Excessive  mental  work  and 
anxiety  are  most  prejudicial.  Physical  fatigue  is  also  harmful.  In  severe 
and  acute  cases,  absolute  rest  for  a  week'or  two  is  often  useful  at  the  onset 
of  treatment.  If  the  patient  walks  about,  exercise  should  always  stop  short 
of  fatigue.  Care  should  be  taken  to  avoid  the  risk  of  falls ;  a  severe  con- 
cussion of  the  spine  will  sometimes  excite  to  fresh  activity  a  stationary 
disease.  Exposure  to  cold  is  also  injurious ;  a  severe  exposure  may  cause 
acute  mischief.  If  practicable,  it  is  well  that  the  winter  should  be  spent  in 
a  warm  and  dry  climate.  A  sea  voyage  is  frequently  useful,  combining,  as 
it  does,  a  maximum  of  fresh  air  with  a  minimum  of  exertion.  If,  however, 
there  is  much  ataxy,  the  risk  of  falls  from  the  motion  of  the  ship  must  be 
taken  into  consideration  ;  it  is  less  than  might  be  anticipated.  A  sea 
voyage  is  especially  useful  in  cases  that  are  already  stationary  ;  such  patients 
often  return  with  a  diminution  in  all  their  symptoms.     When  the  disease  is 
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advancing,  the  influence  of  a  voyage  is  less  frequently  distinct.  The  diges- 
tive organs  should  be  kept  in  careful  order ;  an  attack  of  indigestion  or 
constipation  is  often  attended  by  lightning  pains,  which  cease  when  an 
aperient  has  acted.  Food  should  therefore  be  light  in  quality  and  easily 
digestible.  The  change  from  an  active  to  an  inactive  life,  which  tabes  often 
causes,  may  lead  to  the  development  of  gout  in  an  individual  predisposed  to 
it,  either  by  inheritance  or  by  his  previous  mode  of  life,  and  the  tendency 
must,  as  far  as  possible,  be  obviated  by  regulations  of  diet  and  by  frequent 
aperients.  Smoking  should  be  either  avoided  or  limited  to  a  small  amount. 
Alcoholic  excess  is  especially  harmful ;  it  sometimes  excites  a  very  severe 
exacerbation  of  the  symptoms,  and  this  is  not  surprising,  since,  as  we  have 
seen,  chronic  alcoholism  may  cause  a  disease  resembling  tabes  in  its  symp- 
toms and  pathology.  Sexual  excess  is  also  most  injurious.  Many  patients 
are  preserved  from  this  danger  by  the  disease  itself,  but  it  is  not  always  so. 
Excess  seems  to  have  a  special  influence  on  the  optic  nerve  atrophy.  Sev- 
eral very  painful  instances  of  this  have  come  under  my  notice.  A  man  in 
the  early  stage  of  tabes,  with  slight  atrophy,  some  peripheral  limitation  of 
the  fields,  but  little  impairment  of  acuity  of  vision,  started  on  a  voyage 
from  Australia  to  England.  The  day  before  he  started  he  married,  and  the 
marriage  had  its  common  sequel.  When  he  reached  this  country  he  was 
quite  blind. 

Drugs  have  certainly  some  influence  on  the  disease,  but  it  is  rarely  suffi- 
cient to  check  the  morbid  tendency  when  this  is  very  active.  Moreover, 
the  influence  of  drugs  is  variable ;  that  which  seems  to  do  much  good  in 
one  case  has  no  influence  on  another,  and  this  is  true  also  of  the  same  case 
at  different  periods.  Hence  the  therapeutic  statements  that  have  been  made 
by  various  observers  are  somewhat  discordant.  The  first  question  in  the 
treatment  of  any  disease  that  is  related  to  syphilis,  is  the  influence  of  anti- 
syphilitic  agents.  In  tabes  such  influence  is  distinct  only  in  rare  cases, 
chiefly  under  the  conditions  mentioned  in  the  section  on  prognosis.  In 
those  circumstances,  full  doses  of  iodide  of  potassium  should  be  given,  and, 
if  the  interval  since  the  primary  disease  is  short,  mercury  may  be  rubbed  in 
until  the  gums  are  slightly  affected.  In  cases  of  slow  development,  several 
years  after  primary  syphilis,  iodide  seldom  does  good.  Still,  in  rare  cases, 
improvement  follows  its  administration,  and  therefore  (as  well  as  to  clear 
the  therapeutic  ground)  it  is  desirable  to  let  the  patient  take  iodide  of 
potassium,  if  he  has  not  already  done  so,  in  doses  not  exceeding  thirty 
grains  a  day,  for  six  or  eight  weeks.  Very  small  doses  of  mercury,  such  as 
tV  Srain  of  tlle  red  iodide,  may  also  be  given  for  a  longer  time,  and  may 
often  be  conveniently  combined  with  other  drugs.  It  seems  sometimes 
to  have  a  tonic  influence,  and  perhaps  may  lessen  the  secondary  subinflam- 
matory  process  in  the  cord  and  pia  mater,  which,  as  we  have  seen,  sometimes 
constitutes  part  of  the  morbid  process.  But  in  such  late  cases,  and  in  all 
the  late  nerve  degenerations  that  follow  syphilis,  energetic  mercurial  treat- 
ment only  does  harm.  Its  depressing  influence  often  increases  the  degenera- 
tive tendency,  and  hastens  the  progress  of  the  disease.     I  have  seen  several 


LOCOMOTOR   ATAXY.  321 

such  cases  in  which  an  energetic  course  of  mercurial  treatment,  at  Aix-la- 
Chapelle  for  instance,  had  an  effect  which  was  simply  disastrous. 

Of  drugs  that  have  been  recommended  for  tabes,  those  that  are  most  use- 
ful, in  the  order  of  their  value,  according  to  my  own  experience,  are  arsenic, 
iron,  quinine,  nux  vomica,  nitrate  of  silver,  Calabar  bean,  belladonna, 
ergot,  phosphorus.  Of  these  arsenic  is  certainly  that  which  most  frequently 
does  distinct  good.  Most  of  the  cases  in  which  I  have  known  the 
greatest  improvement  to  occur  have  been  taking  it  at  the  time.  In  several 
of  these  cases  there  was  no  other  change  in  the  conditions  of  life  to  which 
the  improvement  could  be  ascribed.  The  form  in  which  arsenic  is  given 
matters  little  ;  ir\v  or  n\x  of  the  Liq.  Arsenicalis  may  be  given  in  mixture, 
or  y1^  gr.  of  arseniate  of  soda  in  a  pill.  Iodide  of  arsenic  has  no  special 
advantage,  and  is  not  so  well  borne.  This  or  any  other  drug  must  be  con- 
tinued for  at  least  two  months  before  an  opinion  of  its  influence  can  be 
formed.  Rapid  improvement  can  never  be  expected  in  so  chronic  a  dis- 
ease. In  connection  with  the  influence  of  arsenic,  it  is  interesting  to  note 
the  well-known  effect  of  the  drug  in  improving  the  nutrition  of  the  skin, 
and  the  frequency  with  which  the  cutaneous  nerves  are  degenerated  in  tabes. 
Quinine,  nux  vomica,  or  iron  may  be  conveniently  combined  with  arsenic. 
Nitrate  of  silver  is  far  less  useful,  but  it  may  sometimes  be  given  with 
advantage  alternately  with  arsenic.  It  should  not  be  given  in  larger  quan- 
tity than  half  a  grain  a  day,  nor  continued  for  a  longer  period  at  a  time 
than  two  or  three  months.  A  grain,  a  day  has  been  said  to  cause  fatal 
kidney  disease,  and  I  have  seen  a  case  in  which  a  still  smaller  dose  taken 
daily  for  a  long  time  caused  both  wrist-drop  and  •albuminuria. 

Calabar  bean  has  been  recommended  by  Ringer  as  producing  temporary 
improvement  in  many  chronic  spinal  diseases.  Its  influence  is  not  great,  but 
it  seems  to  do  no  harm.  Ergot  is  rarely  useful  in  chronic  diseases  of  the 
cord,  and  it  is  difficult  to  understand  the  estimation  in  which  it  has  been 
held  in  the  treatment  of  tabes.  It  may  perhaps  have  some  influence  on  the 
dilated  vessels  that  are  to  be  seen  in  many  cases,  and  may  therefore  be  given 
in  the  cases  in  which  spinal  pain  suggests  congestion  of  the  membranes,  or 
in  which  an  acute  exacerbation  of  the  symptoms,  or  their  extension  beyond 
the  special  tabetic  limits,  makes  it  probable  that  there  is  a  secondary  subin- 
flammatory  process.  Some  years  ago  I  gave  gold  a  careful  trial,  but  without 
obtaining  any  satisfactory  results. 

Counter-irritation  to  the  spine,  by  blisters  or  the  actual  cautery,  is  some- 
times useful,  chiefly  in  cases  just  mentioned,  in  which  the  disease  develops 
rapidly,  or  the  symptoms  rapidly  increase,  or  in  which  there  is  spinal  pain  or 
tenderness.  It  is  not  probable  that  it  influences  the  process  of  degeneration, 
but  it  may  lessen  any  secondary  inflammation. 

Of  special  symptoms  that  require  treatment  the  pains  are  most  important. 
Unfortunately  they  are  often  most  obstinate,  and  their  variability  renders  it 
very  difficult  to  estimate  the  influence  of  treatment  upon  them.  Severe 
paroxysms  may  yield  only  to  hypodermic  injections  of  morphia,  but  this 
should  be  reserved  for  the  most  intense  attacks,  since  its  use  is  undesirable 
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for  a  recurring  symptom  which  may  continue  for  years.  Among  other  seda- 
tives, Indian  hemp  is  often  effective ;  gr.  ^  or  y2  should  be  given  every  three 
or  four  hours  during  a  paroxysm.  Other  sedatives  are  of  little  use.  Hypo- 
dermic injections  of  cocain  are  uncertain  in  their  influence  on  tabetic  pains, 
but  sometimes  relieve  the  local  pain  that  is  accompanied  with  hypersesthesia. 
The  only  external  application  that  is  of  service  is  chloroform  sprinkled  on 
spongio-piline  (or  lint  and  oiled  silk),  but  this  relieves  only  the  superficial 
pain.  Occasionally  the  pains  are  lessened  by  a  warm  bath.  Counter-irri- 
tation to  the  spine,  as  by  repeated  sinapisms,  sometimes  gives  some  relief, 
but  probably  only  when  the  pain  has  a  spinal  origin.  Visceral  symptoms 
rarely  yield  to  special  treatment ;  when  severe  morphia  alone  mitigates  their 
intensity.  Slight  gastric  crises  may  be  relieved  by  simultaneous  sinapisms 
to  the  epigastrium  and  neck.  Laryngeal  spasm  is  usually  at  once  relieved 
by  nitrite  of  amyl ;  and  the  local  application  of  cocain  is  also  useful.  For 
weakness  of  the  bladder,  nux  vomica,  or  strychnia  is  the  most  useful.  The 
latter  may  be  given  by  hypodermic  injection,  as  recommended  in  the  chapter 
on  muscular  atrophy.  Nocturnal  passage  of  urine  is  often  stopped  by  bella- 
donna. 

If  blisters  or  sores  form  on  the  feet  they  should  receive  careful  local  treat- 
ment until  they  are  well.  If  neglected  they  may  become  very  troublesome. 
Tabetic  patients  should  be  cautioned  never  to  cut  a  corn ;  perforating  ulcer 
is  often  set  up  by  a  corn  being  cut  too  deeply.  The  epidermis  should  be 
softened  with  alkali  and  rubbed  off  with  pumice  stone. 

Attention  to  the  bladder  is  one  of  the  most  important  elements  in  the 
treatment  of  tabes,  as  in  that  of  all  diseases  of  the  spinal  cord,  chronic  and 
acute.  If  there  is  any  reason  to  believe  that  the  bladder  is  imperfectly 
emptied,  a  cathether  should  be  passed,  and  if  residual  urine  is  found,  the 
bladder  should  be  emptied  perfectly  and  washed  out  every  day  or  every  other 
day.  No  hesitation  need  be  felt  in  the  use  of  the  catheter  in  these  cases. 
Scores  of  patients  die  every  year  from  want  of  the  catheter  because  it  is 
thought  that  all  is  right  if  they  pass  urine  freely.  The  residual  accumulation 
or  the  slight  cystitis  sets  up  chronic  pyelo-nephritis,  which  develops  insidi- 
ously, and  is  unsuspected  until  mysterious  febrile  disturbance  occurs,  chronic 
or  acute,  and  leads  to  death.  It  is  probable  that  the  onset  of  the  final  acute 
disturbance  is  sometimes  determined  by  the  passage  of  a  catheter,  just  as  this 
will  cause  a  rigor  or  transient  hematuria  in  a  healthy  person,  and  then  the 
case  is  called  "  catheter  fever."  I  have  seen  many  melancholy  instances  of 
death  from  this  cause  which  might  have  been  prevented,  and  I  have  never 
seen  any  case  in  which  the  early  and  frequent  use  of  the  catheter  did  harm. 
It  is  especially  important  to  insist  on  the  danger  that  the  practitioner  maybe 
misled  by  the  patient,  who  thinks  that  because  he  passes  urine  he  necessarily 
empties  his  bladder. 

Electricity  has  little  influence  on  the  chief  symptoms  of  tabes.  The  voltaic 
current  is  powerless  over  either  the  pains  or  the  ataxy,  whether  it  be  applied 
to  the  spine  or  the  limbs.  Faradisation  of  the  skin  by  the  wire  brush  has 
been  recommended  for  the  defect  of  cutaneous  sensibility,  but  it  has  little,  if 
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any,  influence.  When  the  bladder  or  its  sphincter  is  weak,  faradisation  from 
the  hypogastrium  to  the  perineum  may  be  employed,  and  occasionally  seems 
to  do  some  good.  In  secondary  wasting  of  the  muscles,  an  attempt  may  be 
made  to  maintain  their  nutrition  by  stimulating  them  with  whatever  current 
they  respond  to,  but  the  central  cause  usually  renders  local  treatment 
ineffective. 

There  remains  for  consideration  one  therapeutic  procedure — nerve  stretch- 
ing, an  operation  that  has  usually  been  performed  on  the  sciatic  nerve.  Tn 
the  first  case  in  which  it  was  employed  (by  Langenbuch),  the  procedure  was 
followed  by  remarkable  and  mysterious  improvement,  not  only  in  the  pains, 
but  also  in  the  incoordination.  The  patient  subsequently  died  under  chloro- 
form, administered  in  order  that  the  nerves  of  the  arms  might  be  stretched. 
The  spinal  cord  was  found  by  Westphal  to  be  healthy.  Although  the  nerves 
were  not  examined,  there  can  be  little  doubt  that  it  was  one  of  the  cases  in 
which  the  nerves  alone  are  diseased.  The  operation  has  since  been  per- 
formed in  a  large  number  of  cases.  In  some  the  pains  have  been  lessened 
for  a  time ;  in  a  few  there  has  been  some  temporary  improvement  in  the 
incoordination.  In  many  cases  the  procedure  has  had  no  influence  on  the 
symptoms.  If  ever  justified  it  is  only  as  a  last  resort,  in  a  case  in  which  the 
pains  are  very  intense,  and  are  especially  felt  in  the  region  of  the  sciatic, 
but  it  is  not  justifiable  in  any  case  to  hold  out  an  expectation  of  more  than 
possible,  and  perhaps  transient,  relief  to  the  one  symptom.  It  must  be 
remembered,  moreover,  that  the  operation  is  not  devoid  of  danger  of  evil 
results  ;  there  is  the  risk  incidental  to  the  necessary  anaesthetic,  and  the  ope- 
ration has  also  caused  death  through  the  agencies  of  erysipelas  and  spinal 
hemorrhage.  Its  modus  operandi  is  not  easy  to  explain,  and  the  theories 
that  have  been  advanced  to  account  for  its  influence  are  so  inadequate  as  to 
be  scarcely  worth  reproduction.  Its  common  inutility  is  more  easily  intel- 
ligible.    It  would  seem  now  to  be  passing  into  merited  disuse. 


PRIMARY  SPASTIC  PARAPLEGIA. 
PRIMARY  LATERAL  SCLEROSIS. 

The  morbid  state  thus  designated  is  one  that  has  been,  and  still  is,  the 
subject  of  much  discussion.  Its  relations  are  complex,  and  a  somewhat 
lengthy  pathological  introduction  is  necessary. 

We  have  seen  that,  in  every  kind  of  transverse  lesion  of  the  spinal  cord, 
provided  this  is  situated  above  the  lumbar  enlargement,  the  paralysis  of  the 
legs  is  soon  accompanied  by  excess  of  myotatic  irritability  (increased  knee 
jerk,  foot  clonus),  and  that  the  muscle  reflex  action,  on  which  this  irritability 
(and  muscular  tone)  seems  to  depend,  gradually  increases  to  tonic  spasm,  so 
that  a  condition  develops  to  which  the  term  "  spastic  paraplegia  "  is  applied. 
A  condition,  quite  similar  to  that  which  is  thus  secondary  to  a  transverse 
lesion,  often  develops  gradually,  without  any  indication  of  a  primary  focal 
disease,  and  without  any  sensory  symptoms  to  indicate  that  the  mischief 
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extends  beyond  the  purely  motor  elements  of  the  cord.  We  have  also  seen 
that  these  symptoms  indicate  disease  of  the  upper  segment  of  the  motor 
path,  the  cortico-spinal  segment,  which  extends  from  the  motor  cortex, 
through  the  pyramidal  tracts,  and  ends  in  the  gray  matter  of  the  cord, 
doubtless  by  a  subdivision  and  ramification  of  the  nerve  fibres  in  the  fibril- 
lary network  of  the  spongy  substance.  From  the  gradual  onset  and  limi- 
tation of  the  symptoms  in  these  cases,  it  has  been  assumed  that  the  disease 
consists  of  a  primary  sclerosis  of  the  pyramidal  tracts,  i.  £.,  in  a  degenera- 
tion of  the  fibres  of  this  upper  segment.  Since  these  tracts  run  chiefly  in 
the  lateral  columns,  the  disease  has  been  termed  "  lateral  sclerosis."  The 
clinical  features  presented  by  these  cases,  and  their  probable  significance, 
were  first  pointed  out  by  Erb.*  Degeneration  of  the  pyramidal  tracts  had 
indeed  been  previously  observed,  by  Tiirck  (1856)  and  Charcot  (1865). 
Erb's  inference  as  to  the  nature  of  these  cases  was  supported  by  the  inde- 
pendent (and  indeed  previous)  researches  of  Charcot  on  cases  of  muscular 
atrophy ;  he  showed  that  in  such  cases  muscular  rigidity  coincides  with 
degeneration  of  the  pyramidal  tracts.  Pathologists  have  since  been  search- 
ing for  confirmation  of  the  hypothesis — for  evidence  that  the  symptoms,  in 
their  pure  form,  without  muscular  atrophy,  depend  on  degeneration  limited 
to  the  pyramidal  tracts.  Such  degeneration,  in  slight  degree,  associated 
with  slight  symptoms,  has  been  found  in  cases  of  general  paralysis  of  the 
insane  (by  Westphal  and  others),  but  in  all  other  cases  that  have  been 
examined,  either  other  parts  of  the  white  substance  have  been  degenerated, 
or  the  disease  has  involved  also  the  anterior  cornua.f  In  some  cases,  as  one 
published  by  Dreschfeld  (of  which  a  figure  is  given  at  another  page)  the 
change  in  the  anterior  cornua  has  been  slight,  so  that  the  required  condi- 
tions are  nearly  but  not  quite  fulfilled. 

Although  absolute  demonstration  has  not  yet  been  furnished,  the  indirect 
evidence  of  the  correctness  of  Erb's  hypothesis  is  very  strong,  the  only 
question  being  whether,  in  the  cases  in  which  there  is  no  disease  of  the  motor 
nerve  cells  of  the  anterior  comu,  the  degeneration  is  so  limited  to  the  pyra- 
midal tracts  as  to  constitute  a  system  disease  in  the  strict  sense  of  the  word. 
It  is  not  surprising  that  demonstration  of  the  nature  of  the  pure  cases  is  not 
forthcoming,  since,  as  we  shall  see,  the  disease  has  very  little  tendency  to 
shorten  life. 

Cases  that  present  the  same  group  of  symptoms  are  very  various  in 
nature.  We  have  seen  (p.  154)  that,  in  each  segment  of  the  motor  path, 
the  same  symptoms  are  produced  by  disease  of  any  part  of  the  segment.  In 
the  upper  segment,  with  which  we  are  now  concerned,  the  symptoms 
are  the  same,  whether  the  disease  is  in  the  cortex  of  the  brain,  the 
internal  capsule,  the  pyramids  of  the  medulla,  or  the  pyramidal  tracts  of  the 
cord;  and  they  must  also  be  the  same  if  the  disease  is  limited  to  the  termi- 


*  In  1875  Berlin  klin.  Wochenschr.,  No.  26;   1877,  Virchow's  Archiv,  Bd.  70. 
t  In  a  case  recorded  by  Stofella  no  other  part  than  the  pyramidal  tracts  could  be  seen  dis- 
eased on  naked-eye  observation,  but  no  microscopical  examination  was  made. 
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nation  of  the  segment  in  the  gray  matter  of  the  cord.  In  cerebral  hemiplegia 
the  state  of  the  arm  may  closely  resemble  that  present  when  plastic  para- 
plegia involves  the  arm.  The  leg  in  hemiplegia  presents  a  less  close 
resemblance  to  its  condition  in  spinal  disease,  because  the  leg  is  innervated 
from  both  cerebral  hemispheres,  and  the  supplementary  influence  of  the 
hemisphere  of  the  same  side  lessens  the  effect  of  the  disease  of  the  hemisphere 
of  the  opposite  side.  But  if  there  is  disease  of  the  leg  centres  in  both  hemi- 
spheres, the  state  of  the  legs  may  be  identical  with  that  resulting  from  disease 
of  the  spinal  cord.  Such  bilateral  disease  often  results  from  injury  during 
birth, — meningeal  hemorrhage  over  the  upper  part  of  the  central  convolu- 
tions.    This  resulting  condition  is  termed  "  congenital  spastic  paraplegia."* 

On  the  other  hand,  it  is  extremely  probable  that  degeneration  is  some- 
times limited  to  the  termination  of  the  segment  in  the  gray  matter.  This 
is  probably  susceptible  of  isolated  disease,  just  as  the  corresponding  termi- 
nation of  the  lower  segment  is  paralyzed  alone  by  curara.  In  such  disease 
the  white  columns  would  be  found  normal.  It  is  highly  probable  that  this 
was  the  pathological  condition  in  one  recorded  case,  in  which  the  symp- 
toms of  spastic  paraplegia  existed  during  life,  and  no  anatomical  change 
was  discovered  after  death.  The  detection  of  the  disease  of  the  terminal 
portion  of  the  segment  in  the  gray  matter  is  extremely  difficult,  perhaps 
impossible,  because  the  structure  must  consist  of  nerve  fibrillar  that  inter- 
lace with  others  that  are  unaffected.  In  other  cases,  some  degeneration  has 
been  found  in  the  lateral  pyramidal  tract  in  the  lumbar  region,  slighter, 
however,  than  the  intensity  of  the  symptoms  suggested,  and  gradually  les- 
sening or  even  ceasing  higher  up  the  cord.  Such  a  condition  is  comparable 
to  the  degeneration  of  the  lower  portion  of  the  second  segment  of  the  motor 
tract  in  some  cases  of  peripheral  (degenerative)  neuritis,  in  which  there  is  a 
degeneration  of  motor  nerve  fibres,  greatest  in  their  extremities,  extending 
for  a  variable  distance  up  the  nerves,  but  lessening  long  before  the  spine  is 
reached. 

Both  clinical  and  pathological  evidence  shows  that  the  morbid  state  often 
occurs  also  as  part  of  a  more  extensive  degeneration.  Degeneration  may 
occur  in  both  lateral  and  posterior  columns,  giving  rise  to  combined  paraly- 
sis and  ataxy,  "ataxic  paraplegia,"  sufficiently  definite  in  its  clinical  charac- 
ters and  course  to  make  its  distinction  convenient,  and  it  is  therefore  sepa- 
rately described.  The  following  account  of  the  clinical  features  of  spastic 
paraplegia  is  founded  on  cases  in  which  the  motor  paralysis  and  spasm 
existed  alone,  with  no  definite  sensory  loss,  in  which  they  came  on  gradually, 
with  nothing  in  the  state  of  the  patient  or  the  history  of  his  symptoms  to 
suggest  either  a  focal  lesion  or  an  acute  process. 

Causes. — An  inherited  neuropathic  tendency  is  to  be  traced  occasionally 
in  this  as  in  other  chronic  spinal  diseases.     Thus  in  one  case  there  was  a 


*  Attention  was  called  to  these  infantile  cases  by  v.  Heine  as  early  as  1840,  by  Little,  in 
his  work  on  "  Deformities,"  in  1853,  and  in  the  Obstetrical  Transactions  for  1862.  See 
McNutt,  Am.  Journal  of  Medical Science,  January,  1885. 
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history  of  insanity  in  uncle,  aunt,  and  two  cousins.  The  disease  affects  both 
sexes  in  almost  equal  frequency,  presenting  in  this  a  contrast  to  posterior 
sclerosis.  The  period  of  life  at  which  it  most  frequently  begins  is  between 
twenty  and  forty ;  about  three-quarters  of  the  cases  begin  in  these  two 
decades,  and  about  an  equal  number  in  each.  Cases  frequently  commence, 
however,  in  the  second  decade  of  life,  chiefly  in  its  latter  portion.  After 
forty  they  become  much  less  common  ;  the  latest  age  at  which  I  have  known 
a  typical  case  to  commence  is  sixty-one. 

The  disease  sometimes  follows  syphilis  in  a  way  to  suggest  a  causal  rela- 
tion, even  when  all  cases  are  excluded  in  which  there  is  any  reason  to  suspect 
a  focal  lesion.  In  one  case  the  symptoms  commenced  six  months  after  the 
primary  disease.*  But  this  antecedent  is  not  frequent,  and  in  this  respect 
also  the  disease  contrasts  with  posterior  sclerosis.  Proximate  causes  are  to 
be  traced  only  in  a  minority  of  the  cases.  The  most  frequent  is  concussion 
of  the  spine,  such  as  a  fall  on  the  back.  Some  time,  often  two  or  three 
years,  elapses  between  the  fall  and  the  first  pronounced  symptoms  of  the  dis- 
ease, and  hence  focal  lesions  due  to  the  fall  can  be  excluded.  Next  in  fre- 
quency is  repeated  exposure  to  wet  cold.  Very  rarely  the  symptoms  have 
slowly  followed  some  acute  illness.  In  several  cases  the  disease  has  succeeded 
prostration  after  childbirth  or  abortion,  or  has  commenced  during  lactation. 
In  one  case  an  attack  of  arthritis  in  the  knee  and  ankle  of  one  leg  was  the 
immediate  antecedent,  and  this  leg  was  the  first  to  become  weak.  In  another 
case  the  symptoms  followed  subacute  arthritis  of  both  knee  joints,  apparently 
rheumatic  in  nature.  The  possibility  that  a  joint  inflammation  may  be  of 
spinal  origin  must  be  borne  in  mind  in  considering  the  significance  of  such 
cases,  but  it  is  on  the  whole  probable  that  a  primary  joint  affection  is  an 
occasional  cause  of  the  spinal  disease. f  Acute  arthritis,  certainly  of  spinal 
origin,  has  only  been  observed  in  severe  myelitis.  The  cause  of  the  con- 
genital form  is  always  injury  to  the  brain  during  birth,  in  most  cases  menin- 
geal hemorrhage,  perhaps  sometimes  compression  of  the  cortex. 

Symptoms. — Weakness  of  the  legs,  of  very  gradual  development,  is  the 
first  symptom.  The  patient  finds  that  he  gets  tired  more  readily  than  before, 
and  that  the  legs  feel  heavy.  It  is  very  common  for  one  leg  to  become 
weak  before  the  other.  The  progress  of  the  weakness  is  very  variable,  but 
it  is  slow  in  all  characteristic  cases.  In  many  instances  the  patient  is  still 
able  to  walk  a  mile  or  two,  even  after  the  disease  has  lasted  for  several  years, 
slowly  increasing.  On  the  other  hand,  walking  power  may  be  almost  lost  at 
the  end  of  six  months.  It  is  doubtful  whether  more  acute  cases  should  be 
classed  in  this  category.  When  the  patient  seeks  advice,  the  degree  of  weak- 
ness is  thus  very  variable.  It  will  generally  be  found  that  there  is  very  dis- 
tinct loss  of  power  in  the  flexors,  often  greatest  in  the  flexors  of  the  hip,  but 
considerable  also  in  those  of  the  knee  and  ankle.  The  knee  jerk  is  exces- 
sive and  quick  ;  the  rectus  contraction  can  be  obtained,  as  the  patient  lies, 

*  The  cord  lesion  was  found  to  be  sclerosis,  but  the  direct  cerebellar  tract  was  also  degen- 
erated (Minkowski).  j-  See  "  Arthritic  Muscular  Atrophy." 


PRIMARY   SPASTIC   PARAPLEGIA.  327 

by  tapping  the  depressed  patella,  and  a  rectus  clonus  is  often  obtainable  by 
sudden  depression  of  the  patella.  The  foot  clonus  is  usually  also  obtained 
with  readiness.  In  rare  cases,  in  which  the  upper  part  of  the  legs  surfers 
most,  there  may  be  a  rectus  clonus,  but  only  slight  indications  of  a  foot 
clonus,  two  or  three  movements  quickly  ceasing.  The  tendency  to  spasm 
is  at  first  noticeable  as  slight  stiffness  of  the  legs  on  first  rising  in  the  morn- 
ing, but  it  gradually  increases  in  degree  as  power  lessens,  until  at  last  the 
legs,  whenever  extended,  pass  into  a  condition  of  strong  extensor  spasm, 
rigidly  fixing  them  to  the  pelvis,  so  that,  as  the  patient  lies,  if  one  leg  is 
lifted  from  the  couch  by  the  observer,  the  other  leg  is  moved  also.  The 
spasm  may  be  such  that  the  knee  cannot  be  passively  flexed  by  any  force 
that  can  be  applied  to  it,  until  the  spasm  has  become  less.  When  flexed 
the  limb  is  comparatively  supple,  but  if  it  is  then  extended,  the  spasm  in- 
stantly returns,  making  the  limb  rigid,  and  often  completing  the  extension, 
just  as  the  blade  of  a  knife  opens  out  under  the  influence  of  its  spring, 
"clasp-knife  rigidity."  The  spasm  is,  roughly  speaking,  proportioned  to 
the  loss  of  power,  and  its  extensor  character  may  enable  the  patient  to 
stand,  the  legs  being  fixed  and  rigid,  when  muscular  power  is  quite  in- 
sufficient to  support  the  body,  were  it  unaided  by  the  spasm.  In  a  still 
greater  degree,  a  voluntary  effort  may  only  excite  general  spasm  of  the  limb 
instead  of  causing  a  definite  movement.  Occasionally  there  are  also  par- 
oxysms of  brief  flexor  spasm,  causing  the  legs  to  draw  up.  This  occurs 
chiefly  when  the  patient  is  in  bed,  and  especially  during  sleep.  When  the 
spasm  is  great,  a  paroxysm  may  pass  into  violent  clonic  spasm.  This  was 
termed  "  spinal  epilepsy  "  by  Brown-Sequard,  but  it  has,  of  course,  nothing 
to  do  with  epilepsy.  It  is  merely  the  same  clonus  that  can  be  produced  by 
passive  extension,  excited  by  the  tension  of  the  spontaneous  spasm.  A 
paroxysm  can  often  be  arrested  by  a  strong  sensory  impression,  such  as  a 
prick  or  a  pinch,  and  also,  as  Brown-Sequard  has  shown,  by  a  forcible 
flexion  of  the  great  toe,  which  probably  acts  in  a  similar  manner.  Reflex 
action  from  the  skin  is  also  usually  excessive,  and  the  stimulus  excites  an 
attack  of  spasm. 

The  gait  of  the  sufferers  from  spastic  paraplegia  is  very  characteristic. 
The  legs  seem  to  drag  behind  the  patient,  and,  in  walking,  each  is  hauled 
forward  as  a  rigid  whole,  the  toes  catching  against  the  ground,  and,  when 
the  ball  of  the  foot  rests  on  the  ground,  the  limb  may  shake  from  the 
clonus  developed  by  the  extension  of  the  calf  muscles.  When  the  patient 
sits,  a  similar  trepidation  occurs  until  the  patient  pushes  the  leg  forward  so 
that  the  heel  rests  also  on  the  floor.  The  muscles  of  the  leg  are  usually 
large  and  well  nourished.  They  often  seem,  indeed,  to  be  hypertrophied, 
and  perhaps  are  really  so ;  the  contraction  of  spasm  constitutes  a  physio- 
logical stimulus  to  growth  just  as  does  voluntary  effort.  But  they  are  not 
always  large;  they  are  sometimes  moderately  wasted.  Rarely  they  are 
much  wasted ;  such  cases  are  considered  in  the  chapter  on  muscular  atro- 
phy. The  electric  irritability  is  usually  perfectly  normal,  but  in  the  muscles 
that  present  the  slight  wasting  just  mentioned,   there  may  be  a  trifling 
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diminution  of  irritability,  to  faradaism  and  voltaism  alike.  When  the 
patient  ceases,  or  almost  ceases  to  walk,  contracture  sometimes  occurs  in 
the  calf  muscles.  An  active  contracture  is  indeed  common,  preventing  at 
first  passive  flexion  of  the  ankle  beyond  a  right  angle,  but  if  the  pressure  is 
maintained,  the  muscles  yield  and  full  flexion  is  possible.  But  in  some 
cases  there  is  a  fixed  contracture  that  cannot  be  overcome.  This  rarely 
develops  while  the  patient  is  walking  about,  but  is  common  when  rest  in 
bed  permits  habitual  extension  of  the  foot  on  the  leg.  It  occurs  especially 
when  there  is  slight  muscular  wasting.  Flexor  contraction  at  the  hip  or 
knee  may  occur  also  in  the  same  cases,  under  the  influence  of  posture,  but 
is  on  the  whole  rare,  the  tendency  to  it  being  counteracted  by  the  extensor 
spasm. 

The  arms  are  often  unaffected,  but  they  suffer  in  some  cases,  and  present 
the  same  progressive  weakness  and  excess  of  myotatic  irritability.  Vigorous 
contractions  are  elicited  by  a  tap  on  the  tendon  of  a  muscle,  or  on  the  bone 
to  which  the  tendon,  is  attached,  provided  the  muscle  is  extended.  A 
clonus  can  often  be  obtained  in  the  flexors  of  the  fingers.  There  is  less 
paroxysmal  spasm  than  in  the  leg,  but  much  rigidity  of  the  limb,  from 
active  muscular  contracture,  flexing  the  elbow  and  flexing  the  fingers  at  all 
the  joints,  as  in  the  "  late  rigidity  "  of  hemiplegia.  The  difference  in  the 
form  of  spasm  in  the  arm  and  leg  is  no  doubt  connected  with  existence  of 
the  reflex  extensor  mechanism,  in  the  lumbar  centres,  concerned  in  the  act 
of  standing.  The  muscles  of  the  arm  are  often  as  well  nourished  as  those 
of  the  leg.  The  affection  of  the  two  arms  is  very  rarely  equal,  and  it  is 
common  for  one  arm  to  be  almost  normal  when  the  other  is  much  affected, 
and  both  legs  are  equally  involved.  Sometimes,  however,  the  arm  and  leg 
on  one  side  are  paralyzed,  and  the  limbs  on  the  other  side  very  slightly. 
In  comparison  with  the  palsied  members  those  on  the  other  side  may 
seem  normal,  and  the  patient  often  believes  that  they  are,  but  examination 
almost  always  reveals  slight  weakness  and  an  abnormal  degree  of  myotatic 
irritability. 

The  muscles  of  the  trunk  may  also  suffer.  A  subjective  "  feeling  of 
weakness ' '  in  the  back  is  often  complained  of  early,  but  seems  to  be  as 
much  a  sensory  as  a  motor  symptom.  Painful  spasm  of  the  abdominal 
muscles  may  occur  in  severe  cases,  and  I  have  even  known  attacks  of 
tetanoid  rigidity  of  the  back  to  occur  on  attempts  to  move. 

It  is  not  common,  in  typical  cases,  for  the  symptoms  to  extend  into  the 
region  of  the  cranial  nerves,  but  in  rare  instances  difficulty  of  swallowing 
and  of  articulation  has  existed,  due  to  a  similar  palsy  of  the  bulbar  nerves. 
Excessive  myotatic  irritability  has  also  been  observed  in  the  muscles  of  masti- 
cation, so  that  a  tap  on  the  chin  causes  a  vigorous  elevation  of  the  depressed 
jaw  (Beevdr  ;  see  p.  160). 

Sensory  symptoms  are  often  entirely  absent,  with  the  exception  of  slight 
dull  pains  in  the  legs,  or  more  frequently  in  the  back.  The  sensation  of 
weakness  in  the  back,  already  mentioned,  occasionally  reaches  an  intense 
degree.     Rheumatoid  pains  are  troublesome  in  some  cases ;  sharp  pain  is 
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rare,  except  in  untypical  cases  to  be  presently  mentioned.  In  such  cases, 
also,  there  may  be  very  slight  defect  of  sensibility/  such,  for  instance,  as 
blunting  of  tactile  sensibility  on  the  finger  tips.  Subjective  sensations  of 
"numbness,"  tingling,  formication,  are  more  common.  They  may  exist 
for  years  without  the  development  of  any  other  anaesthesia,  in  spite  of  the 
progress  of  the  motor  symptoms. 

The  sphincters  are  often  affected,  and  sometimes  very  early  in  the  course 
of  the  disease.  Sexual  power  may  be  lost,  or  may  remain,  even  when  the 
spastic  paraplegia  has  reached  a  high  degree.  The  nutrition  of  the  skin  and 
joints  undergoes  no  change. 

Ocular  symptoms  are  extremely  rare.  The  action  of  the  pupils  is  usually 
perfect,  and  I  have  only  once  seen  optic  nerve  atrophy  in  an  uncomplicated 
case. 


Fig.  118. 


Fig.  117. 


Congenital  spastic  paralysis  (cerebral).    Extensor  spasm  in  the 
legs  excited  by  a  sensory  impression.* 


Infantile  spastic  paralysis  of  cere- 
bral origin :  crossed-legged  pro- 
gression. {Drawn  by  Dr. 
Spencer ,  from  a  photograph!) 


The  infantile  form  may  resemble  very  closely  that  which  occurs  in  adults. 
There  is  the  same  extensor  spasm  and  increase  of  all  forms  of  reflex  action. 
As  the  child  sits  on  the  knee  or  a  chair  any  sensory  stimulus  will  make  the 
legs  shoot  out  in  spasm  (Fig.  117).  But  the  spasm  does  not  reach  the 
extreme  degree  often  attained  in  the  common  form.  The  excess  of  the  knee 
jerk  is  always  distinct,  but  a  foot  clonus  is  not  often  to  be  obtained,  perhaps 
because  the  muscle  reflex  mechanism  related  to  the  calf  muscles  has  not 
received  the  functional  development  that  must  result  from  the  ever-recurring 
sequence  of  tension  and  contraction  involved  in  walking.  The  active  con- 
tracture in  the  calf  muscles,  which  most  cases  present,  is  a  serious  hindrance 
to  walking  even  when  the  muscular  power  is  sufficient.    It  is  long  before  the 


*  Drawn  by  Dr.  H.  R.  Spencer,  from  a  photograph  by  Mr.  Hyde  Marriott. 
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attempt  to  walk  overcomes  the  contracture.  In  most  cases,  however,  the 
child  ultimately  gains  the  power  of  walking,  although  much  later  than  nor- 
mal, and  it  often  presents  some  peculiarity  of  gait,  sometimes  a  tendency  to 
"cross-legged  progression,"  in  which  one  foot  gets  over  or  in  front  of  the 
other  (Fig.  118),  or  a  swinging  oscillation  of  the  body  occurs  which  may 
persist  to  adult  life.     The  growth  of  the  legs  is  hindered. 

The  arms  do  not  present  tonic  spasm  such  as  is  seen  in  adult  cases.  There 
maybe  a  choreic  disorder  of  movement,  spontaneous  irregular  movements 
with  incoordination.  In  the  cases  that  can  fairly  be  called  "  spastic  paraple- 
gia," the  arm  symptoms  are  slight.  When  considerable,  the  condition  is 
usually  termed  "  double  athetosis,"  and  its  characters  are  described  in  the 
account  of  diseases  of  the  brain. 

Transitional  forms  are  met  with  which  constitute  gradations  between  pri- 
mary spastic  paraplegia  and  other  varieties  of  sclerosis  of  the  spinal  cord.  Indi- 
cations of  posterior  sclerosis  may  coexist,  and  to  the  motor  symptoms  there 
is  added  incoordination,  sometimes  with  other  sensory  symptoms.  These 
cases  of  "  ataxic  paraplegia  "  are  described  in  the  next  section.  Cases  may 
begin  as  pure  tabes,  and  indications  of  lateral  sclerosis  may  be  superadded. 
On  the  other  hand,  muscular  wasting  in  the  arms,  considerable  in  degree 
and  progressive  in  character,  may  be  associated  with  indications  of  lateral 
sclerosis  in  the  legs,  cases  to  which  the  name  "  amyotrophic  lateral  sclerosis  " 
has  been  given  by  Charcot.  Very  rarely  considerable  muscular  wasting  suc- 
ceeds, in  the  same  part,  the  symptoms  we  have  been  considering. 

Lateral  sclerosis  of  the  spinal  cord  (like  posterior  sclerosis)  often  forms 
part  of  the  morbid  process  that  constitutes  general  paralysis  of  the  insane. 
In  some  cases  of  this  character  the  mental  symptoms  are  extremely  slight, 
and  the  case  may  have  the  aspect  of  a  primary  spinal  disease,  with  slight 
mental  failure  complicating  it. 

The  course  of  characteristic  cases  of  primary  spastic  paraplegia  is  usually 
very  chronic,  and  the  malady  may,  at  any  stage,  cease  to  advance.  In  one 
case  slight  symptoms  have  apparently  been  stationary  now  for  twenty  years. 
Often,  however,  the  disease  reaches  a  considerable  degree  before  it  becomes 
stationary.  It  is  perhaps  the  least  dangerous  to  life  of  any  chronic  spinal 
disease.  Even  secondary  kidney  trouble  scarcely  ever  occurs  ;  perhaps  the 
excessive  reflex  action  may  save  the  bladder  from  injurious  over-distention. 
It  is  when  other  elements  of  the  cord  suffer  that  dangerous  complications 
ensue. 

Pathological  Anatomy. — In  the  fact  just  stated  we  probably  have  an 
explanation  of  the  silence  of  morbid  anatomy  on  the  subject  of  uncompli- 
cated lateral  sclerosis.  "  Nee  silet  mors,"  the  apt  motto  of  the  Pathologi- 
cal Society,  is  true  chiefly  of  disease  that  kills.  Complete  degeneration  of 
the  pyramidal  tracts,  anterior  as  well  as  lateral,  is  met  with  in  the  cases  in 
which  the  anterior  ganglion  cells  and  motor  nerves  are  also  diseased, 
although,  in  some  instances,  the  amount  of  this  disease  is  small,  and  limited 
to  the  cervical  region.  An  instance  of  such  degeneration  is  shown  in  Fig.  119. 
The  degeneration  in    the  lumbar  enlargement   is   usually  limited   to   the 
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lateral  tract,  the  anterior  having  disappeared  higher  up  the  cord.  It  is 
bounded  externally,  in  the  dorsal  and  cervical  regions,  by  the  normal  direct 
cerebellar  tract,  and  internally  by  the 
narrow  "  lateral  limiting  zone,"  which 
intervenes  between  the  pyramidal  tract 
and  the  intermediate  gray  matter. 
There  is  the  usual  increase  of  connec- 
tive tissue  and  wasting  of  nerve  fibres. 
In  many  cases  granule  cells  are  abund- 
ant in  the  affected  area.  They  are  al- 
ways present  in  cases  of  short  duration 
and  indicate  the  stage  rather  than  the 
nature  of  the  process.  The  degenera- 
tion probably  begins  in  all  cases  in  the 
nerve  elements  themselves.  In  most 
cases  many  nerve  fibres  can  still  be  seen, 
scattered  through  the  sclerosed  area ; 
most  of  them  are  fibres  of  the  direct 
cerebellar  tract  which  lie  among  the 
pyramidal  fibres  (see  p.  134).  The 
degeneration  of  the  tract  has  been 
traced  through  the  medulla,  pons,  and 
cerebral  hemispheres,  to  the  motor  cor- 
tex, in  which  indications  of  degenera- 
tion have  also  been  found.  This  de- 
generation through  the  brain  was  traced 
in  one  case  in  which  the  disease  of  the 
anterior  cornua  was  slight,  the  wast- 
ing was  limited  to  the  hand  muscles, 
and  the  spastic  paralysis  began  in  the 
legs  and  then  invaded  the  arms.f  Such 
a  case  is  almost  a  pure   degeneration 

of  the  whole  of  the  first  segment  of  the  motor  path.  The  degeneration  of 
the  pyramidal  tracts  is  well  shown  in  Fig.  120,  from  a  case  of  progressive 
muscular  atrophy.  The  anterior  and  lateral  tracts  are  entirely  degenerated, 
and  the  sclerosis  stops  abruptly  at  the  outer  margin  of  the  lateral,  but  in 
front  extends  forward,  probably  in  the  short  fibres  that  connect  the  anterior 
cornu  at  different  levels.  In  other  cases,  in  which  the  anterior  ganglion  cells 
were  normal,  the  sclerosis  has  not  been  limited  to  the  pyramidal  tracts ;  the 
anterior  columns  have  been  also  sclerosed  in  the  lumbar  region  of  the  cord.  J 


Sclerosis  of  the  lateral  and  (in  the  cervical  region 
anterior)  pyramidal  tracts,  with  slight  degene- 
ration of  the  anterior  cornua.  A,  Cervical ;  B, 
dorsal;  C,  lumbar  sections.* 


*  I. am  indebted  for  these  sections  to  Dr.  Dreschfeld,  who  has  published  the  case  (British 
Med.  Journal,  Jan.  29th,  1881).         f  Kojewnikoff,  Arch,  de  Neurologic,  1883,  No.  18. 

J  As  in  a  case  recorded  as  one  of  spastic  paraplegia  by  Hopkins  (Brain,  Oct.  1883), 
but  this  was  an  example  of  combined  lateral  and  posterior  sclerosis  (ataxic  paraplegia).  An 
illustration  of  the  changes  in  this  case  is  given  in  the  next  section. 
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The  direct  cerebellar  tract  (and  posterior  vesicular  columns)  have  been  also 
found  degenerated  with  the  pyramidal  tract,  and  an  annular  sclerosis  of  the 
periphery  of  the  antero-lateral  column  has  been  found  in  several  cases.* 
More  frequent  still  is  a  combination  with  degeneration  of  the  posterior  col- 
umns, described  more  fully  in  the  next  section.  In  most  of  these  combined 
cases,  the  degeneration  has  lessened  in  the  upper  part  of  the  cord.  In  one 
case,  at  least,  the  white  columns  of  the  cord  have  been  found  healthy.  The 
probable  significance  of  this  fact,  and  the  general  conclusion  from  the  ana- 
tomical evidence,  has  been  already  stated  in  the  introductory  paragraph. 
One  point,  however,  that  deserves  mention  is  the  occasional  occurrence  of 
lateral  sclerosis  in  association  with  insular  sclerosis.  In  some  cases  of  this 
character  the  degeneration  of  the  pyramidal  tracts  is  purely  secondary,  the 
result  of  the  damage  to  the  pyramidal  fibres  by  an  islet  of  sclerosis  situated 


Fie. 


Sclerosis  of  the  pyramidal  tracts,  lateral  and  anterior:  dorsal  region. 
(J*ro/n  a  case  of  muscular  atrophy.') 

in  some  part  of  their  course.  But  it  does  not  appear  that  this  explanation 
can  be  given  of  all  cases.  In  some  instances  the  sclerosis  of  the  pyramidal 
tract  appears  to  be  independent  and  coincident.  A  similar  association  of 
insular  and  posterior  sclerosis  has  also  been  observed. 

The  probable  mechanism  of  the  symptoms  that  give  the  dominant  char- 
acters to  the  malady,  have  been  considered  in  the  general  account  of  the 
symptoms  of  disease  of  the  spinal  cord.  The  most  important  fact  is  that 
the  degeneration,  whatever  its  upward  extent,  always  involves  the  lowest 
part  of  the  pyramidal  segment,  in  consequence  of  its  descending  tendency. 
Hence  the  intra-cornual  termination  must  always  be  involved.  This,  it  is 
assumed,  is  the  structure  that  controls  the  muscle-reflex  centre,  arid  the 


*  Direct  cerebellar  and  pyramidal  tracts  in  a  case  by  Minkowski,  in  which  the  disease  rap- 
idly succeeded  syphilis;  annular  sclerosis  by  Westphal  (see  "Ataxic  Paraplegia"). 
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consequent  loss  of  control  explains  the  excess  of  myotatic  irritability  and 
the  progressive  spasm,  progressive  by  a  functional  hypertrophy  resulting 
from  continuous  over-action.  When  there  is  the  rare  consecutive  wasting  of 
muscles,  we  must  conceive  that  the  degeneration  involves  also  the  ganglion 
cells  and  lower  segment  of  the  motor  path ;  when,  as  is  the  rule,  there  is 
coincident  wasting  of  other  muscles  than  those  that  are  the  seat  of  spasm, 
it  would  seem  that  some  elements  of  this  lower  segment  are  the  seat  of  a 
primary  degeneration.  The  slighter  muscular  wasting  without,  or  with  only 
trifling,  change  in  electrical  irritability,  is  the  expression  of  a  slighter  alter- 
ation in  the  nutrition  of  the  cells  and  fibres,  without  actual  destructive 
degeneration. 

Diagnosis. — The  diagnosis  rests  on  the  combination  of  weakness,  excess 
of  myotatic  irritability,  and  spasm, — on  the  gradual  onset  of  these  symp- 
toms,— and  also  on  the  absence  of  indications  of  a  focal  lesion.  An  acute 
onset,  occupying  a  few  days  or  weeks,  is  prima  facie  evidence  of  a  lesion 
that  takes  the  case  out  of  the  category  of  degenerative  disease.  In  most 
acute  cases  there  is  other  evidence  of  a  focal  lesion,  extending,  at  some 
level,  beyond  the  limits  of  the  motor  path.  Some  indications  are  initial 
impairment  of  sensation,  or  a  girdle  pain.  The  latter -indicates  irritation  of 
the  posterior  root  fibres  at  a  certain  level,  and  proves  that  at  that  level  the 
disease  extends  beyond  the  limits  of  the  pyramidal  tracts.  Spastic  para- 
plegia is  common  after  such  lesions,  but  is  secondary  and  not  primary. 

If  any  marked  sensory  symptoms  exist  in  a  case  that  presents  the  symp- 
toms and  course  of  primary  lateral  sclerosis,  these  are  evidence  that  the 
sclerosis  extends  beyond  the  motor  tracts,  and  the  case  is  not  one  of  pure 
lateral  sclerosis.  It  is  doubtful,  however,  what  significance  is  to  be  attached 
to  very  slight  sensory  symptoms,  such  as  slight  subjective  sensations  of  dull 
pain,  formication,  etc.,  when  they  exist  alone.  It  is  possible  that  they  are 
due  to  functional  disturbance  in  the  sensory  nerve  elements  and  do  not  imply 
structural  disease  outside  the  motor  area.  They  usually  remain  stationary, 
and  are  not  followed  by  any  more  pronounced  sensory  symptoms.  Consid- 
erable muscular  atrophy  in  any  part  is  commonly  regarded  as  bringing  the 
case  under  the  designation  of  "  amyotrophic  lateral  sclerosis,"  but  some 
cases  of  the  kind,  in  which  the  wasting  is  confined  to  a  few  muscles,  resem- 
ble more  closely  the  cases  we  are  now  considering  than  they  do  those 
with  widespread  and  extreme  muscular  atrophy.  These  cases  are  further 
considered  in  the  account  of  progressive  muscular  atrophy. 

The  disease  is  not  uncommon  in  those  who  are  at  the  age  and  of  the  sex 
at  which  hysteria  prevails,  and  there  is  no  form  of  cord  disease  that  is  so 
often  mistaken  for  hysterical  paraplegia.  The  mistake  is  facilitated  by  the 
perfect  muscular  nutrition  in  most  cases  of  spastic  paraplegia.  When  there 
is  considerable  spasm,  the  mistake  ought  not  to  occur,  as  the  extensor  char- 
acter of  the  spasm,  described  above,  is  distinctive ;  nothing  resembling  it 
ever  occurs  in  hysterical  paraplegia.  Hysterical  contracture  is  fixed,  and 
does  not  vary  with  posture  as  does  the  "clasp-knife  rigidity"  of  spastic 
paraplegia.     When  the  spasm  is  trifling  or  absent,  as  in  slight  and  early 
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cases,  the  diagnostic  difficulty  is  much  greater,  and  is  increased  by  the  fact 
that  slight  excess  of  myotatic  irritability  occurs  in  some  cases  of  so-called 
hysterical  paralysis.  But  this  scarcely  ever  reaches  the  degree  necessary  to 
give  rise  to  a  true  foot  clonus  or  a  rectus  clonus.  There  may  be  a  "  spuri- 
ous foot  clonus,"  or  a  true  clonus  may  be  obtainable  if  there  is  hysterical 
contracture,  but  apart  from  such  contracture  a  true  foot  clonus  or  a  rectus 
clonus  deserves  the  greatest  weight,  as  all  but  conclusive  evidence  of  organic 
disease.  I  have  known  many  mistakes  in  diagnosis,  in  which  lateral  sclero- 
sis was  mistaken  for  hysterical  paraplegia  owing  to  disregard  of  the  evidence 
afforded  by  this  symptom,  but  I  do  not  recall  a  single  instance  in  which  the 
opposite  error  resulted  from  undue  regard  to  this  symptom.  When  there  is 
an  excess  of  myotatic  irritability  in  so-called  hysterical  paralysis  it  is  a  per- 
sistent symptom,  and  must  depend  on  more  than  functional  disease.  There 
must  be  changes  in  nutrition,  and  consequent  persistent  defective  control  of 
the  muscle-reflex  centres.  On  the  hypothesis  that  I  have  advanced,  this 
control  is  exerted  by  the  termination  of  the  pyramidal  fibres,  i.  e.,  of  the 
upper  motor  segment,  by  the  structures,  degeneration  of  which  may  prob- 
ably cause  spastic  paraplegia.  A  case  is  actually  on  record,  the  case  of 
lateral  sclerosis  observed  by  Charcot  in  1865,  in  which  an  initial  hysterical 
paraplegia,  cured  suddenly,  and  relapsing  on  emotion,  passed  into  lateral 
sclerosis. 

When  the  arm  and  leg  suffer  on  one  side  only,  the  disease  may  be  mis- 
taken for  cerebral  hemiplegia.  The  resemblance  may  be  very  close.  There 
is  not,  however,  any  affection  of  the  face,  which,  although  theoretically 
conceivable,  is,  as  a  matter  of  fact,  always  absent.  •  The  limbs  on  the  other 
side  are  never  normal,  but  present  slight  symptoms.  The  excess  of  myo- 
tatic irritability  in  the  other  arm  has  afforded,  in  all  the  cases  I  have  seen, 
a  distinct  indication  of  the  nature  of  the  malady.  It  is  never  present  in 
simple  cerebral  hemiplegia,  although  such  excess  is  often  present  in  the  leg 
of  the  unparalyzed  side. 

The  diagnosis  of  the  congenital  infantile  form  is  only  difficult  when  the 
observer  is  unaware  of  the  occurrence  of  these  cases.  A  slight  degree  of 
incoordination  in  the  hands  will  usually  be  found  if  they  are  carefully 
watched  while  the  patient  takes  hold  of  some  object.  The  wide  separation 
and  irregular  movement  of  the  fingers  is  very  characteristic.  Chronic 
primary  cord  diseases  are  almost  unknown  in  young  children.  Caries  of 
the  spine,  causing  paraplegia,  is,  in  them,  always  recognizable,  and  the  dis- 
tinct onset  of  the  paralysis,  in  a  previously  healthy  child,  is  an  absolute  dis- 
tinction from  the  cases  of  birth  palsy.  The  same  fact  also  distinguishes 
glioma  of  the  pons,  which  may  likewise  cause  spastic  paralysis  of  arms  and 
legs. 

The  disease  with  which  the  infantile  form  is  most  frequently  confounded  is 
pseudo-hypertrophic  paralysis,  to  which  a  superficial  resemblance  may  be 
caused  by  the  gait  of  slight  cases,  the  large  muscles,  and  the  contracture  of 
the  calves.  Besides  the  other  characteristic  features  of  the  muscular  malady, 
the  two  are  distinguished  especially  by  the  excessive  knee  jerk  of  spastic 
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paraplegia,  by  the  active  and  yielding  nature  of  the  contracture,  and  by  the 
course  of  the  disease ;  the  impairment  of  locomotion  gradually  lessens  in 
birth  palsy  while  it  increases  in  pseudo-hypertrophic  paralysis. 

Prognosis. — In  primary  lateral  sclerosis  the  chance  of  recovery  and  the 
danger  to  life  are  both  small.  There  is  some  prospect  of  arrest,  and  even 
of  slight  improvement,  if  the  disease  has  not  reached  an  advanced  stage. 
When  the  spastic  state  is  well  developed  and  has  lasted  for  some  time  it  is 
very  rare  for  marked  improvement  to  occur.  This  is  perhaps  due  rather  to 
the  tendency  of  the  disease  than  to  its  degree,  since  a  similar  condition  that  is 
secondary  to  a  focal  lesion  may  undergo  remarkable  improvement.  In  slight 
cases  there  may  be  considerable  gain  of  strength.  In  some  cases  which 
improve  it  is  possible  that  the  disease  is  limited  to  the  terminal  structure. 
In  the  infantile  form,  the  prognosis  is  much  better.  Most  children  ulti- 
mately gain  some  power  of  walking,  and  in  slight  cases  the  ultimate  impair- 
ment may  be  trifling. 

Treatment. — So  far  as  drugs  are  concerned,  the  treatment  is  the  same  as 
that  of  posterior  sclerosis  already  described.  The  drugs  most  useful  are  the 
same,  but,  unfortunately,  their  influence  is  less  frequently  appreciable.  Nux 
vomica  and  strychnine  have,  however,  to  be  given  with  caution,  and  in  very 
minute  doses,  as  they  have  a  tendency  to  increase  the  spasm.  In  severe 
cases  this  is  a  most  distressing  symptom,  and  often  not  amenable  to  any 
influence.  Bromide  sometimes  lessens  it  slightly,  but  even  large  doses  of 
bromide  have  but  a  trifling  effect.  Neither  Indian  hemp,  belladonna,  cala- 
bar bean,  or  piscidia  erythrina  has  much  effect.  Absolute  rest  is  sometimes 
of  service,  and  occasionally  seems  to  produce  improvement,  which  all  treat- 
ment failed  to  effect  while  the  patient  was  walking  about.  Rubbing  is  also 
beneficial  in  some  cases.  Its  influence  on  the  spasm  is  often  very  distinct 
during  the  process,  and  a  long  course  of  rubbing  has  produced  a  permanent 
improvement  in  the  spastic  condition.  Upward  rubbing  seems  to  have 
more  influence  than  kneading  the  muscles.  If  there  is  contraction  of  the 
calf  muscles,  the  foot  should  be  pressed  up  while  these  muscles  are  rubbed. 
When  there  are  facilities  for  it,  the  rubbing  may  advantageously  be  combined 
with  sweating  in  the  Turkish  bath.  In  one  case,  of  moderate  degree,  almost 
all  the  symptoms  passed  away  after  a  long  course  of  Turkish  baths,  arsenic 
being  also  given.  The  patient,  who  could  at  first  walk  scarcely  half  a  mile, 
became  able  to  walk  several  miles  without  fatigue.  Electricity  is  useless  in 
the  pure  disease.  Faradaism,  and  all  painful  operations,  are  harmful,  stimu- 
lating further  the  already  excessive  excitability  of  the  reflex  centres.  The 
constant  current  to  the  muscles,  or  from  the  spine  to  the  muscles  or  to  the 
feet  in  water,  has  no  influence  in  lessening  the  spasm  or  improving  the 
strength,  as  far  as  I  have  been  able  to  observe,  and  I  have  tried  it  thoroughly 
in  many  cases. 

In  the  infantile  form  drugs  are  useless.  Rubbing  is  desirable,  and  can 
be  efficiently  performed  by  the  nurse  or  mother.  Carefully  planned  gym- 
nastic exercises  are  also  useful.  The  tendo-Achillis  is  sometimes  divided 
for  the  contracture  of  the  calf  muscles,  but  the  operation  is  useless   and 
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ought  never  to  be  performed.  Supports  occasionally  help  the  child  to  walk 
somewhat  sooner  than  it  would  without  their  aid,  and  so  may  hasten  im- 
provement, but  they  should  only  be  employed  where  there  is  sufficient 
power  and  control  to  enable  them  to  be  useful. 


ATAXIC  PARAPLEGIA. 
COMBINED  LATERAL  AND  POSTERIOR  SCLEROSIS. 

The  term  ataxic  paraplegia  seems  the  most  accurate  clinical  designation 
for  a  disease  of  the  spinal  cord  which  presents  a  combination  of  the  symp- 
toms of  paraplegia  and  ataxy,  and  consists  in  combined  disease  of  the  poste- 
rior and  lateral  columns.  Although  its  clinical  features  present  some 
varieties,  and  may  approach  those  of  each  of  its  constituent  forms  of  disease, 
yet  in  the  majority  of  cases  the  symptoms  are  uniform,  and  sufficiently  char- 
acteristic to  justify  the  distinction  of  the  disease  and  its  separate  description. 
A  few  pathological  observations  have  been  published.*  The  following 
account  is  based  on  these  and  on  a  series  of  cases  that  have  come  under  my 
own  observation,  and  of  which  the  clinical  characters  were  well  marked. 

Causes. — Neurotic  heredity  is  to  be  traced  only  in  a  small  proportion  of 
the  cases,  about  one-tenth.  A  history  of  syphilis  is  as  rare  as  it  is  frequent  in 
pure  tabes.  Males  suffer  much  more  frequently  than  females.  The  disease 
usually  commences  between  thirty  and  forty,  but  I  have  known  it  to  begin 
as  early  as  nineteen  and  as  late  as  fifty-two.  Exposure  to  cold  is  to  be 
traced  occasionally  as  an  exciting  cause.  In  one  young  lady,  the  symptoms 
commenced  after  a  season  of  balls,  at  which  when  heated  she  would  habitu- 
ally sit  at  open  windows,  and  often  sleep  in  clothes  saturated  with  perspira- 
tion. A  severe  concussion  of  the  spine  has  sometimes  preceded  the  first 
symptoms  by  a  few  months.  The  disease  may  also  follow  great  sexual  excess. 
In  many  cases  no  cause  can  be  traced,  immediate  or  remote.  Its  general 
etiology  thus  resembles  that  of  simple  spastic  paraplegia. 

Symptoms. — The  onset  of  the  disease  is  usually  slow  and  gradual,  two  or 
three  years  passing  before  walking  power  is  much  impaired  ;  it  is  rarely  sub- 
acute, so  as  to  reach  a  considerable  degree  in  two  or  three  months.  The 
legs  are  the  first  to  suffer,  and  the  symptoms  may  remain  limited  to  them  or 
may  involve  the  arms  also.  There  is  a  slow  and  simultaneous  development 
of  weakness  and  defect  of  coordination.  The  patient  finds  that  he  tires 
more  readily  than  before,  and  also  becomes  unsteady  on  turning  or  walking 
in  the  dark,  and  these  symptoms  gradually  increase.  Examination  then 
shows  distinct  loss  of  power  in  the  legs.  This  may  be  slight  and  difficult  to 
elicit,  but  if  all  the  movements  are  tested  it  will  be  generally  found  that 
there  is  marked  weakness  of  the  flexors  of  the  knee  and  hip,  often  much 

*  By  Prevost,  Arch,  de  Physiologie,  T.  iv;  Pierret,  ill.;  Babesieu,  Virchow's  Archiv,  Bd. 
76;  Kahler  and  Pick,  Arch.  /  Psychiatric,  Bd.  viii;  and  Westphal,  ib.,  Bd.  viii  and  x. 
Westphal's  observations  are  the  most  important. 
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greater  than  that  of  the  extensors.  Frequently  one  leg  is  distinctly  weaker 
than  the  other.  The  patient  is  unsteady  when  he  stands  with  feet  together, 
and  he  tends  to  fall  if  the  eyes  are  then  closed.  If  the  feet  are  bare,  the 
irregular  action  of  the  muscles  is  shown  by  the  movement  of  the  tendons  on 
the  dorsum  of  the  foot,  as  in  tabes.  In  most  cases  the  incoordination  is 
revealed  also  by  the  patient's  gait,  which  is  distinctly  unsteady.  There  is 
rarely  the  high  movement  and  sudden  descent  of  the  feet  often  seen  in  tabes, 
although  I  have  observed  it  in  a  few  cases.  But  the  walk  may  closely 
resemble  that  of  many  cases  of  tabes  ;  the  patient  is  unsteady,  reels  on  turn- 
ing, and  has  often  to  bring  his  foot  suddenly  to  the  ground  to  maintain  his 
equilibrium.  He  may  even  have  to  steady  himself  with  a  stick,  or  to  catch 
hold  of  some  adjacent  object,  to  save  himself  from  falling.  The  ataxy  is 
equally  evident  when  he  lies,  and  attempts,  his  eyes  being  closed,  to  touch 
some  object  with  his  foot. 

The  sensory  and  reflex  symptoms  present  a  marked  contrast  to  those  of 
tabes.  Lightning  pains  are  almost  always  absent ;  I  have  only  met  with  them 
in  one  case,  and  in  this  they  were  a  transient  symptom.  Sometimes  there  is  a 
slight  dull  pain  in  the  legs,  felt  especially  on  fatigue.  Dull  pain  in  the 
sacral  region  or  in  the  spine  is  not  uncommon,  and  is  often  an  early  symp- 
tom. The  sacral  pain,  indeed,  is  sufficiently  frequent  to  deserve  special  note. 
A  girdle  pain  is  met  with  only  in  rare  cases.  As  a  rule,  there  is  no  loss  of 
sensation  either  on  the  legs  or  trunk.  Hyperesthesia  is  equally  rare.  Reflex 
action  from  the  sole  may  be  normal  or  increased  ;  less  commonly  it  is 
diminished.  The  cremasteric  and  abdominal  reflexes  are  sometimes  lost. 
The  most  striking  difference  from,  tabes,  however,  is  in  the  condition  of 
myotatic  irritability,  which,  in  the  vast  majority  of  cases,  is  greatly  increased. 
The  knee  jerk  is  quick  and  extensive;  it  can  be  obtained  from  above  (see  p. 
2,6),  and  there  is  generally  a  distinct  rectus  clonus.  The  foot  clonus  is  also 
commonly'  to  be  obtained.  This  myotatic  excess  usually  persists  throughout 
the  whole  course  of  the  disease,  whereas,  in  ordinary  tabes,  however  slight 
the  lesion,  the  knee  jerk  is  all  but  invariably  lost. 

The  arms  may  be  normal,  or  may  present  symptoms  similar  to  those  in 
the  legs,  incoordination,  weakness,  and  marked  excess  of  the  myotatic  irri- 
tability.    The  muscles  in  both  arms  and  legs  are  usually  well  nourished. 

Sexual  power  is  often  lost  early  in  the  disease.  The  sphincters  are  fre- 
quently impaired,  sometimes  early,  but  the  impairment  rarely  reaches  a  con- 
siderable degree. 

The  iris  usually  acts  to  light,  but  I  have  seen  loss  of  the  light  reflex  in  two 
or  three  cases  and  have  once  known  accommodation  to  be  lost,  the  action 
to  light  being  normal.  Optic  nerve  atrophy  occurs  only  in  rare  cases,  less 
frequently  than  in  tabes ;  I  have  seen  one  case  in  which  there  were  indica- 
tions of  a  retro-ocular  axial  neuritis.  The  external  ocular  muscles  are  usually 
normal,  and  there  is  no  nystagmus. 

Slight  impairment  of  articulation  is  not  uncommon  ;  sometimes  there  are 
irregular  tremulous  movements  of  the  face  resembling  those  of  general  paraly- 
sis, and  this  in  cases  in  which  there  is  no  mental  change.     Westphal  has 


338  SPINAL   CORD. 

observed  marked  ataxy  of  the  facial  muscles.  As  a  rule,  the  mental  state  is 
either  normal  or  there  is  merely  slight  failure  of  memory.  Undue  frequency 
of  the  pulse  is  occasionally  present,  but  is  less  common  than  in  tabes. 

As  the  disease  increases,  the  muscular  power  becomes  more  and  more 
impaired,  usually  without  much  increase  in  the  incoordination,  which  sinks 
into  the  background  as  the  paralysis  increases,  and  the  patient  has  to  have 
recourse  to  supports  which  at  the  same  time  afford  him  guidance.  The 
increased  myotatic  irritability  continues ;  stiffness  and  rigidity  develop  as  its 
consequence.  Thus  the  aspect  of  the  patient  conies  to  be  that  of  spastic  para- 
plegia ;  the  feet  drag  as  the  patient  walks,  shake  from  clonus  when  he  stops, 
and  the  legs  are  hauled  forward  with  visible  effort  at  each  step.  Indications 
of  unsteadiness  may  still  be  observed  in  isolated  movements.  The  arms,  if 
previously  free,  may  begin  to  surfer,  but  sometimes  they  escape  altogether. 
The  motor  weakness  may  go  on  to  complete  paralysis.  This  is  quickly 
reached  in  some  cases,  but  so  slow  is  the  usual  progress  of  the  disease  that . 
one  patient  in  whom  the  disease  has  at  no  time  been  absolutely  station- 
ary, is  still  able  to  stand,  whose  case  I  have  had  under  observation  for  eight 
years.  In  spite  of  the  progress  of  the  weakness,  sensation  remains  in  most 
cases  unimpaired,  and  the  reflex  action  of  the  iris,  unless  early  lost,  con- 
tinues perfect  throughout. 

The  symptoms  present,  in  some  cases,  variations  from  this  type.  Sensa- 
tion on  the  legs  may  be  impaired  and  the  knee  jerk  maybe  lost.  These  cases 
are  intermediate  between  the  form  now  under  consideration  and  pure  tabes. 
They  are,  however,  very  rare,  and  do  not  constitute  more  than  five  per  cent, 
of  the  cases  in  which  ataxy  and  weakness  come  on  together. 

The  disease  has  little  tendency  to  cause  death.  Indeed,  the  fatal  cases 
have,  for  the  most  part,  been  untypical,  and  do  not  convey  an  accurate  idea 
of  the  characters  of  the  disease.  The  chief  danger  to  life  is  from  the  acci- 
dents common  to  all  chronic  spinal  affections, — kidney  disease  and  bedsores. 

Among  complications  the  most  important  are  mental  changes  resembling 
those  of  general  paralysis  of  the  insane,  of  which,  indeed,  this  combined 
sclerosis  may  form  part.  Slight  muscular  atrophy  sometimes  occurs.  Arthritis 
of  doubtful  significance  has  been  once  observed.  A  patient  of  Westphal's 
presented  derangement  of  the  sympathetic,  and  died  from  peculiar  spasm 
of  the  muscles  of  respiration.  Visceral  crises,  however,  are  practically 
unknown. 

Pathological  Anatomy. — In  all  cases  the  spinal  cord  has  presented  sclero- 
sis of  both  posterior  and  lateral  columns ;  but  the  precise  extent  and  degree 
of  the  degeneration  are  subject  to  considerable  variations.  As  a  general 
rule,  the  sclerosis  of  the  posterior  columns  differs  from  that  of  tabes  in  two 
particulars.  First,  it  is  not  more  intense,  and  often  it  is  less  intense,  in  the 
lumbar  than  in  the  dorsal  region  of  the  cord.  Sometimes,  indeed,  as  in 
the  case  shown  in  Fig.  121,  in  the  middle  and  lower  parts  of  the  lumbar 
region,  the  posterior  columns  may  be  free  from  sclerosis,  although  it  is  con- 
siderable in  the  dorsal  region  and  at  the  junction  of  this  with  the  lumbar 
enlargement  (b),     The  second  difference  is  that  the  sclerosis  has  rarely  that 
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special  intensity  in  the  root  zone  of  the  postero-external  column  which 
characterizes  the  lesion  of  tabes.  In  rare  cases  the  whole  posterior  column 
in  the  lumbar  region  is  diseased.  The  part  of  the  external  column  near 
the  commissure  and  near  the  neck 
of  the  posterior  horn  usually  remains 
free.  Sometimes  the  degeneration  does 
not  extend  up  to  the  posterior  surface  of 
the  cord,  as  in  the  case  figured,  in  which 
it  affects  chiefly  the  middle  three-fifths  of 
the  posterior  columns.  When  the  degen- 
eration is  considerable,  the  posterior . 
median  columns,  in  the  upper  part  of  the 
cord,  may  present  the  usual  ascending 
degeneration  of  secondary  origin.  When 
the  lesion  is  slight  in  degree  in  the  lower 
half  of  the  cord,  there  may  be  only  a 
slight  diffuse  degeneration  of  the  columns 
in  the  cervical  region,  similar  to  that  else- 
where, and  not  the  more  intense  limited 
affection  of  the  median  part,  which  occurs 
when  there  is  a  considerable  lesion  of  the 
column  lower  down,  and  characterizes 
the  secondary  form. 

The  degeneration  in  the  lateral  col- 
umns is  also  variable  in  extent  and  posi- 
tion, and  is  not  often  "systemic"  in 
character,  i.e.,  does  not  correspond  to  a 
single  system  of  fibres.  In  one  or  two 
cases,  indeed,  the  whole  pyramidal  tract, 
and   this  alone,  has  been  degenerated, 


*  I  am  indebted  to  Mr.  J.  Hopkins  for  the  op- 
portunity of  drawing  these  sections.  The  patient 
was  a  man  aged  twenty-one,  in  whom  weakness  of 
the  legs  Commenced  at  twenty,  after  a  wetting,  im- 
proved, and  then  slowly  increased.  He  was  ad- 
mitted a  year  after  the  onset,  with  considerable 
weakness  of  the  legs,  a  reeling,  unsteady  gait,  in- 
creased knee  jerk,  foot  clonus,  but  with  no  anaes- 
thesia, wasting  of  muscles,  pains,  or  affection  of  the 
arms.  The  symptoms  slowly  increased,  paraplegia 
became  absolute,  and  the  spasm  very  intense,  some- 
times flexor  and  sometimes  extensor.  There  was  a 
doubtful  impairment  of  sensibility  to  touch  on  the 
legs,  but  no  loss  to  pain.  The  sphincters  became 
affected,  bedsores  formed,  and  the  patient  died  two 
years  after  the  onset.  Fuller  details  will  be  found 
in  Brain,  October,  1883,  p.  383. 


Ataxic  paraplegia,  combined  lateral  and  poste- 
rior sclerosis.  A,  upper  dorsal;  B,  last  dor- 
sal ;  C,  mid-lumbar.  The  posterior  columns 
are  free  from  sclerosis  in  C,  except  in  their 
anterior  parts;  in  B  the  disease  involves  the 
middle  and  anterior  parts  of  both  post.-med. 
and  post.-ext.  columns  except  in  the  neighbor- 
hood of  the  neck  of  the  horn;  in  A  the  sclero- 
sis is  slighter  and  is  confined  to  the  middle 
three-fifths  of  these  columns.  The  sclerosis 
of  the  lateral  columns  in  C  is  limited,  on  the 
right,  to  the  pyramidal  tract,  on  the  left  it  ex- 
tends in  front  of  this  ;  in  B  it  is  very  dense  in 
the  whole  lateral  column,  involving  not  only 
the  pyramidal  tract  but  the  limiting  layer,  and 
part  of  the  "  mixed  zone;"  in  A  it  is  similar 
in  extent  but  slighter  in  degree.  There  is  some 
increase  of  tissue  throughout  the  anterior  col- 
umns, and  a  focus  of  sclerosis  near  the  anterior 
fissure,  on  the  right  in  A  and  B,  on  both  sides 
inC* 
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but  more  often  the  sclerosis,  while  intense  in  the  pyramidal  tract,  also  extends 
in  front  of  this  into  the  mixed  zone  of  the  lateral  columns  (Fig.  121,  a,  b). 
(A  similar  extension,  it  may  be  noted,  is  met  with  in  the  sclerosis  that  attends 
degeneration  of  the  anterior  cornua;  compare  Fig.  119.)  The  lateral  limiting 
layer,  between  the  pyramidal  tract  and  the  gray  matter,  may  be  also  invaded. 
The  direct  cerebellar  tract  often  escapes,  as  in  Fig.  121,  a  (b  is  below  its  level 
of  origin).  But  in  some  cases  there  is  a  zone  of  sclerosis  round  the  periph- 
ery of  the  cord,  extending  deeply  into  the  lateral  column  in  the  position 
of  the  pyramidal  tract.  The  latter  has  been  found  diseased,  in  some 
degree,  in  all  cases,  and  in  several  the  extent  of  its  degeneration  has  been 
greater  in  the  lower  part  of  the  cord  than  in  the  upper.  As  in  most  other 
degenerative  diseases  of  the  cord,  there  may  be  some  increase  of  connective 
tissue  in  the  unaffected  columns,  and  it  may  be  so  intense  at  some  spots  as 
to  constitute  areas  of  distinct  sclerosis,  such  as  are  represented  near  the 
anterior  median  fissure  in  Fig.  121.  As  a  rule  no  morbid  change  has  been 
recognized  in  the  gray  matter  or  in  the  membranes.  In  one  case  only  was 
there  slight  meningitis.  Disease  of  the  ascending  root  of  the  fifth  was 
found  in  a  case  in  which  there  wdre  corresponding  symptoms.  The  periph- 
eral nerves  seem  not  to  have  been  examined  in  any  case.  The  muscles 
have  been  found  normal. 

Pathology. — The  double  lesion  in  the  posterior  and  lateral  columns  sup- 
plies an  explanation  of  the  two  sets  of  symptoms  which  characterize  the 
disease.  The  incoordination  is  doubtless  due  chiefly  to  the  disease  of  the 
posterior  columns  of  the  cord.  There  is  an  obvious  analogy  between  the 
symptoms  and  lesion  in  this  disease  and  in  true  tabes.  But  there  are 
also  differences  between  the  two  diseases  in  this  particular.  We  have  seen 
that  in  tabes  the  ataxy  is  probably  due  chiefly  to  the  disease  of  the  sensory 
muscle  nerves.  In  ataxic  paraplegia,  to  judge  by  the  general  integrity  of 
sensation  in  the  legs,  and  by  the  preservation  of  myotatic  irritability,  the 
sensory  nerves  escape,  and  among  them  those  of  the  muscles.  In  corre- 
spondence with  this  integrity  of  sensation,  the  root  zone  in  the  lumbar 
region  scarcely  ever  presents  dense  sclerosis,  and  is  often  free  from  degen- 
eration. Hence  one  element  in  the  production  of  incoordination  in  tabes 
is  absent  in  ataxic  paraplegia.  But  we  have  seen  that,  in  the  former  disease, 
other  mechanisms  are  influential  in  causing  this  symptom,  and  thJse  are 
doubtless  effective  in  the  malady  we  are  now  considering.  The  consider- 
able disease  of  the  posterior  columns  in  the  dorsal  region,  and  the  occa- 
sional degeneration  of  the  direct  cerebellar  tract,  may  arrest  conduction 
upward  from  the  muscles  to  the  cerebellum.  As  we  have  seen,  it  is  probable 
that  the  direct  cerebellar  tract  conducts  impressions  from  the  lower  trunk 
muscles,  and  that  it  is  also  probable  that  most  of  the  fibres  of  the  posterior 
median  columns  have  a  similar  function,  conducting  from  the  muscles  of  the 
legs  impressions  which  reach  the  cerebellum  through  the  connection  with  it 
of  the  post-pyramidal  nucleus  of  the  medulla.  If  the  impressions  thus  con- 
ducted guide  cerebellar  coordination,  we  can  understand  that  ataxy  may 
result  from  the  interruption  of  this  path.     That  interruption  of  some  con- 
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ducting  path  in  the  cord  will  produce  incoordination  is  proved  by  the 
occurrence  of  this  symptom  in  cases  of  unilateral  lesion  of  the  cord,  on  the 
side  of  the  lesion  (see  p.  166,  note).  Thus  the  chief  difference  between 
the  two  diseases,  so  far  as  concerns  the  effect  of  the  lesion  which  causes  the 
incoordination,  is  that  in  tabes  it  arrests  the  muscle-reflex  action.  The 
sclerosis  in  ataxic  paraplegia  occupies  also  the  region  of  the  cord  in  which 
the  short  vertical  fibres  run,  connecting  the  posterior  gray  matter  at  differ- 
ent levels,  and  it  is  possible  that  the  damage  to  these  fibres  may  contribute 
to  the  ataxy. 

The  only  recognizable  lesion  that  can  be  regarded  as  the  cause  of  the 
paralysis  is  the  degeneration  of  the  pyramidal  tract.  This  is,  indeed,  so 
variable  in  degree  in  different  cases,  and  in  some  is  so  small  in  proportion 
to  'the  degree  of  palsy,  that  it  has  been  questioned  whether  this  lateral 
degeneration  is  the  sole  cause  of  the  paralysis.  But  no  other  lesion  has 
been  found ;  the  excess  of  myotatic  irritability  and  ultimate  spasm  are  con- 
clusive evidence  that  the  cause  of  the  palsy  is  in  the  upper  segment  of  the 
motor  path,  i.  e.,  above  the  ganglion  cells  of  the  anterior  cornu  (see  pp. 
130  and  154),  and  when  the  paralysis  has  been  greater  in  one  leg  than  the 
other,  the  disease  of  the  lateral  column  has  been  found  to  be  greater  on  the 
corresponding  side.  It  is  possible,  however,  that  the  degeneration  is  often 
more  extensive  in  the  termination  of  the  upper  segment  in  the  gray  matter, 
than  in  the  (pyramidal)  fibres  of  this  segment,  and  that  the  occasional  dis- 
crepancy between  the  amount  of  degeneration  of  the  lateral  column  and  the 
amount  of  paralysis  may  be  susceptible  of  the  same  explanation  as  in  pure 
spastic  paraplegia  (see  p.  325).  In  most  cases  that  have  been  examined, 
the  visible  disease  was  greater  in  the  lower  than  in  the  upper  part  of  the 
cord,  i.  e.,  greater  in  the  lower  than  in  the  upper  part  of  the  segment, 
increasing  from  above  downward.  This  suggests  that  the  maximum  lesion 
is  at  the  lowest  part — in  the  terminal  ramification  within  the  gray  matter. 
Degeneration  here  would  not  necessarily  cause  any  secondary  change  in  the 
white  columns,  i.  e.,  in  the  part  of  the  segment  above  its  termination,  while 
it  would  explain. all  the  paralytic  and  spastic  symptoms  of  the  disease. 

The  differences  between  this  disease  and  tabes  depend  therefore  on  the 
escape  of  the  sensory  nerves,  both  in  their  peripheral  course  and  in  the  pos- 
terior column  of  the  cord.  It  is  on  the  integrity  of  the  reflex  arc  that  the 
preservation  of  myotatic  irritability  depends,  not  on  the  presence  of  a 
lesion  in  the  cord  tending  to  increase  this  reflex  action.  If  the  knee  jerk  is 
lost  as  in  tabes,  it  is  not  restored  by  degeneration  of  the  pyramidal  tracts, 
whether  beginning  in  the  cord  or  descending  from  the  brain.  Hence  this 
difference  from  tabes  depends  partly  on  the  escape  of  the  peripheral  nerves, 
partly  on  the  difference  in  the  distribution  of  the  sclerosis  in  the  posterior 
columns,  by  which  the  root  fibres  are  damaged  in  one  case  and  escape  in  the 
other.*     It  is  not  surprising,  however,  that  intermediate  cases  should  be  met 

*  We  have  seen  (p.  145)  that  the  fibres  that  subserve  reflex  action  cannot  be  the  same  as 
those  that  ascend  in  the  posterior  median  column,  and  which,  in  this  disease,  are  often 
damaged  higher  up  the  cord. 
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with,  in  which  these  differences  are  not  present ;  in  which  the  sclerosis 
extends  to  the  root  zone,  and  lightning  pains,  and  some  loss  of  sensation, 
show  that  the  fibres  of  the  posterior  roots  from  the  skin  are  involved  in  some 
degree.  Even  in  these  cases,  however,  the  knee  jerk  is  not  lost ;  if  it  is 
absent  there  is  no  spasm  and  the  cases  are  then  of  a  different  character ; 
they  are  cases  of  tabes  with  secondary  lateral  sclerosis.  It  is  in  the  remark- 
able facts  that,  as  a  general  rule,  if  the  knee  jerk  is  not  lost  early  it  is  not 
lost  at  all,  and  that  if  it  is  lost  early,  spasm  does  not  come  on,  that  we  have 
the  justification  for  the  separation  of  these  cases  from  tabes.* 

It  has  been  doubted  whether  the  disease  is  to  be  regarded  as  a  system 
degeneration,  in  the  strict  sense  of  the  word.  The  lesion  of  t"he  lateral 
columns  certainly,  as  Westphal  has  insisted,  does  not  correspond  strictly  to 
the  pyramidal  tracts,  and  yet  its  cervical  extent  forbids  us  regarding  it  as 
focal  in  nature.  The  disease  is  certainly  allied  to  system  diseases,  and  its 
claim  to  be  considered  such  may  perhaps  be  strengthened  by  future  observa- 
tions as  to  the  elements  which  compose  the  more  extensive  degeneration,! 
but  its  claim  to  separate  distinction  is  at  present,  as  we  have  seen,  clinical 
rather  than  pathological,  is  based  on  the  common  uniformity  of  the  range  of 
symptoms,  alike  in  different  cases,  and  in  the  same  case  throughout  its 
course. 

Diagnosis. — The  diseases  from  which  ataxic  paraplegia  has  to  be  distin- 
guished differ  according  to  the  stage  of  the  disease  at  which  the  diagnostic 
problem  presents  itself.  The  dominant  symptom  in  the  early  period  is  the 
incoordination  ;  in  the  later  period,  the  spastic  palsy.  Hence  the  disease  in 
the  early  stage  is  liable  to  be  confounded  with  pure  locomotor  ataxy.  In 
discussing  the  relation  of  the  two  diseases  we  have  already  considered  their 
differences.  Of  these  the  most  important  is  the  condition  of  the  knee  jerk, 
which  is  lost  in  the  one,  excessive  in  the  other.  In  the  rare  cases  of  early 
tabes  in  which  it  is  not  lost,  it  is  never  increased.  The  presence  of  a  clonus 
is  also  exclusive  of  pure  tabes  ;  and  so  also  in  the  extensor  spasm,  of  which 
we  may  often  observe  some  indications,  while  power  is  still  only  slightly 
impaired.  Other  differences  may  confirm  the  diagnosis,  but  are  never 
necessary  to  make  it,  and  are  indeed  not  uniform  enough  to  be  alone  con- 
clusive. In  the  state  of  sensation  on  the  limbs,  in  the  occurrence  of,  or 
freedom  from,  pains,  and  in  the  action  of  the  iris,  the  two  diseases  present 
a  contrast  in  the  vast  majority  of  cases,  although  not  invariably.  From 
primary  spastic  paraplegia  the  diagnosis  depends  on  the  presence  of  inco- 
ordination, or  in  a  history  of  it  if  voluntary  power  has  become  too  slight 
to  be  susceptible  of  derangement.     Ataxic  paraplegia  is  spastic  paraplegia, 

*  If  cases  occur  in  which  an  ultimate  extension  of  the  sclerosis  of  the  posterior  column 
abolishes  the  knee  jerk  and  the  spasm,  it  is  quite  certain  that  such  cases  are  too  rare  to 
invalidate  the  grounds  of  distinction.  The  possible  combinations  of  morbid  processes  are 
only  limited  by  arithmetic  and  incompatibility,  but  this  does  not  stultify  our  distinctions. 

f  For  instance,  it  may  be  found  that  the  degeneration  in  front  of  the  pyramidal  tract  is  of 
an  association  system  of  short  vertical  fibres,  and  that  the  annular  sclerosis  is  of  the  direct 
cerebellar  and  antero-lateral  ascending  tracts. 
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plus  incoordination.  If  the  ataxy  is  considerable,  as  it  often  is,  the  dis- 
tinction is  easy  enough,  for  experience  shows  that  it  is  chiefly  with  tabes 
that  such  cases  are  confounded.  The  so-called  "  hereditary  ataxy  "  presents 
a  close  resemblance  to  ataxic  paraplegia,  and  is  indeed,  as  we  shall  see, 
intermediate  between  this  disease  and  true  tabes.  It  is  distinguished  by  its 
occurrence  in  several  members  of  the  same  family,  by  the  common  loss  of 
the  knee  jerk,  and  by  the  presence  of  nystagmus  and  of  some  impairment  of 
articulation. 

The  greatest  diagnostic  difficulty  is  presented  by  cases  which  have  a  sub- 
acute onset,  and  the  distinction  from  a  local  myelitis  involving  posterior  and 
lateral  columns  may  be  very  difficult.  It  depends  chiefly  on  the  progressive 
tendency  of  the  symptoms,  which  contrast  with  the  regressive  tendency  of 
myelitis.  It  is  possible. that  when  there  is  a  degenerative  tendency,  a  focal 
myelitis  may  set  up  a  progressive  degeneration  in  the  columns  concerned, 
as  it  certainly  may  set  up  a  degeneration  limited  to  the  posterior  columns. 

A  tumor  in  the  middle  lobe  of  the  cerebellum  may  cause  unsteadiness, 
closely  resembling  that  of  some  cases  of  ataxic  paraplegia,  and  it  may  also 
cause  weakness  of  the  legs  with  increased  knee  jerk,  from  the  pressure  on 
the  pyramidal  fibres  as  they  pass  though  the  pons.  In  such  cases,  indeed,  we 
probably  have  the  two  elements  of  the  disease,  produced  although  in  a  dif- 
ferent manner  by  a  lesion  of  different  position.  We  have  a  degeneration  of 
the  lateral  columns  which  is  secondary  instead  of  primary,  and  we  have 
disease  of  the  coordinating  centre  instead  of  interruption  of  the  path  to  it. 
But  the  weakness  in  the  legs  is  never  great  in  cerebellar  tumor,  and  special 
symptoms  of  this  are  never  absent.  Occipital  headache,  vomiting,  and 
optic  neuritis  are  present  in  most  cases.  In  a  case  in  which  the  pons  is  com- 
pressed, some  cranial  nerves  are  usually  also  damaged. 

Prognosis. — So  far  as  the  prospect  of  recovery  is  concerned,  the  prog- 
nosis in  ataxic  paraplegia  is  unfavorable.  In  a  few  cases  I  have  seen  consid- 
erable improvement;  and  arrest  is  occasionally  obtained,  but  in  the  majority 
of  cases  the  progressive  tendency  of  the  disease  baffles  all  attempts  to  check 
it.  The  downward  progress  of  most  cases  is  very  slow,  far  slower  than  might 
be  inferred  from  the  history  of  recorded  fatal  cases,  and  the  danger  to  life 
is  small. 

Treatment. — The  treatment  of  ataxic  paraplegia  is  the  same  as  that  of 
the  allied  diseases,  and  this  need  not  be  here  repeated.  The  remedies  most 
useful  in  tabes  also  most  frequently  do  good  in  this  disease.  In  the  later 
period,  in  which  spasm  has  attained  considerable  intensity,  the  treatment 
necessary  is  that  of  the  condition  described  in  the  preceding  chapter.  I 
have  known  a  long  course  of  Turkish  baths,  with  thorough  rubbing,  in 
more  than  one  case  to  be  of  marked  service,  and  distinctly  contribute  to  the 
improvement  that  occurred.  There  are  no  symptoms  peculiar  to  ataxic 
paraplegia  that  require  special  treatment. 
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"HEREDITARY  ATAXY." 
FRIEDREICH'S  DISEASE,  HEREDITARY  ATAXIC  PARAPLEGIA. 

The  so-called  hereditary  ataxy  is  a  form  of  ataxy,  or  rather  of  ataxic 
paraplegia,  usually  depending  on  combined  posterior  and  lateral  sclerosis, 
which  occurs  in  families,  and  differs  also  from  the  common  forms  of  tabes 
and  of  ataxic  paraplegia,  in  the  early  age  at  which  it  always  commences,  and 
in  the  presence  of  certain  additional  symptoms.  It  is  often  termed  "Fried- 
reich's disease,"  because  this  physician  first  described  the  characteristic 
features  of  the  malady  and  the  lesion  in  the  posterior  columns.*  About 
sixty-five  cases  have  been  hitherto  recorded. f 

The  dependence  of  the  disease  on  a  congenital  tendency  is  clearly  shown 
by  its  usual  occurrence  in  families.  But  direct  inheritance  has  been  traced 
in  only  a  few  instances.  In  one,  the  mother  of  the  family  affected,  and  her 
mother,  both  suffered  from  the  disease.  That  a  general  neuropathic  inher- 
itance is  also  sometimes  effective  is  shown  by  cases  in  which  there  is  a  his- 
tory of  other  neurotic  diseases,  such  as  insanity,  in  collaterals  or  ancestors. 
Alcoholism  in  parents  has  been  supposed  to  be  influential,  but  the  evidence 
of  this  is  not  strong.  Consanguinity  of  parents  has  existed  in  some  in- 
stances, and  has  doubtless  intensified  the  morbid  tendency  in  these  cases. 

The  family  tendency  of  the  disease  is  shown  by  the  affection,  in  most  in- 
stances, of  brothers  and  sisters.  The  sixty-five  cases  were  distributed  in  nine- 
teen families,  giving  an  average  of  rather  more  than  three  to  each.  The  number 
affected  in  one  generation  has  varied  from  two  to  eight.  In  the  case  in  which 
the  mother  and  grandmother  suffered,  an  uncle  and  seven  children  were  also 
affected,  making  ten  in  one  family.  Scarcely  any  isolated  cases  have  been  re- 
corded ;  whether  this  is  because  they  do  not  occur,  or  because  the  nature  of  the 
disease  has  not  been  recognized,  is  uncertain.  The  two  sexes  present  nearly 
equal  liability ;  males  slightly  preponderate  (thirty-five  males  to  thirty  females). 
In  some  families  the  two  sexes  have  suffered  equally,  but  in  others  the  dis- 
ease has  shown  a  marked  tendency  to  affect  one  sex.  Thus  in  one  family  of 
nineteen,  the  two  males  suffered  and  the  seventeen  females  escaped.  In 
another  instance,  recorded  by  Musso,  a  brother  and  sister  (the  offspring  of  a 
melancholic  mother)  married  healthy  individuals;  the  brother  had  three 
daughters  affected  out  of  seven  living  children  ;  and  of  the  sister's  children 
three  sons  were  diseased.  Another  curious  circumstance  is  that  three  of  the 
brother's  and  four  of  the  sister's  children  were  born  dead. 

The  age  at  which  the  first  symptoms  are  recognized  has  varied  between 
four  and  twenty-four  years. £    The  seventh  and  eighth  years  of  life  are  those 

*  Friedreich's  first  account  was  given  to  a  medical  society  in  1861,  and  published  in 
Virckow's  Archiv  (Bd.  26  and  27),  in  1863.  Further  cases  were  published  by  him  in 
1876  (ii.,  Bd.  68  and  70). 

I  The  most  complete  list  of  these  (57  cases)  has  been  given  by  Dr.  Everett  Smith,  Boston 
Med.  and  Surg.  Journal,  Oct.  15th,  1885. 

\  In  the  family  recorded  by  Everett  Smith,  the  father  presented  symptoms  of  ataxic  para- 
plegia at  the  age  of  sixty- six,  coming  on  gradually  after  an  attack  of  rheumatism  produced 
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in  which  disease  most  often  begins,  and  next  comes  the  period  of  puberty, 
from  twelve  to  sixteen.  It  shows  a  slight  tendency  to  begin  earlier  in  males 
than  in  females,  and  often  a  marked  tendency  to  commence  about  the  same 
period  in  the  same  family.     Immediate  causes  can  rarely  be  traced. 

Symptoms. — The  first  and  chief  manifestation  of  the  disease  is  a  gradual 
impairment  of  coordination,  first  in  the  legs  and  afterward  in  the  arms. 
Initial  pains  scarcely  ever  occur.  The  ataxy  is  shown  by  unsteadiness  in 
standing  and  walking,  at  first  slight,  but  slowly  increasing,  until  the  feet  have 
to  be  placed  wide  apart  in  standing,  and  the  patient  reels  in  walking  like 
one  under  the  influence  of  alcohol.  The  feet  are  not  often  raised  too  high, 
unless  when  an  unusually  long  step  is  taken.  Closure  of  the  eyes  causes  a 
considerable  increase  in  the  unsteadiness  in  some  cases;  in  others  it  has  but 
little  influence.  The  impairment  of  movement  in  the  arms  is  of  a  similar 
character,  but  usually  commences  some  time  after  that  of  the  legs.  There 
is  irregularity  in  the  voluntary  movement  of  the  arms  and  fingers,  and  the 
ataxy  has  often  a  distinctly  jerky  character.  In  most  cases  the  power  of  the 
muscles  is  at  first  unimpaired,  their  nutrition  is  good,  but  the  myotatic  irri- 
tability is  lost.  In  exceptional  cases,  as  in  one  recorded  by  Seligmuller,  it 
has  been  preserved  and  increased.  In  most  cases  the  knee  jerk  has  been 
found  absent  as  soon  as  the  patient  came  under  observation  ;  in  one  case  it 
disappeared  after  the  other  symptoms  had  set  in. 

As  the  disease  progresses,  some  jerky  irregularity  develops  in  the  move- 
ments of  the  neck  and  head,  so  that  the  head  presents  slight,  unsteady  move- 
ments, sometimes  like  an  irregular  tremor,  when  it  is  supported  by  the 
muscles.  Speech  is  also  impaired  ;  syllables  are  elided,  and  there  may  be, 
with  this,  an  occasional  hesitation.  There  is  no  twitching  of  lips,  but  occa- 
sional jerky  movements  have  been  noted  in  the  tongue.  The  affection  of 
speech  is  not  often  an  early  symptom.  It  may  not  be  noticed  until  three, 
five,  or  ten  years  after  the  onset  of  the  other  symptoms.  In  most  cases  (but 
not  in  all)  there  is  nystagmus  when  the  eyes  are  moved  laterally,  due  clearly 
to  jerky  unsteadiness  in  the  action  of  the  muscles,  corresponding  in  the  two 
eyes.  Sometimes  the  movement  is  slower  than  in  most  forms  of  nystagmus, 
and  it  is  rarely  present  when  the  eyes  are  at  rest,  directed  straight  forward. 
This  symptom  also  usually  comes  on  after  those  in  the  limbs.  Paralysis  of 
the  ocular  muscles  does  not  occur,  nor  does  optic  nerve  atrophy. 

Sensory  symptoms  are  very  variable.  Lightning  pains  and  any  severe 
pains  are  extremely  rare,  but  slight  dull  or  rheumatoid  pains  in  the  legs  are 
not  uncommon.  Sensibility  has  been  quite  normal  in  many  cases ;  in  others 
there  has  been  slight  anaesthesia  in  the  legs,  early  in  some  instances,  late  in 
others.  Sensibility  to  pain  and  temperature  is  very  rarely  impaired.  Sen- 
sation may,  however,  be  unaffected  even  when  the  ataxy  and  weakness  have 
become  extreme.     The  sense  of  posture  of  the  limbs  has  been  found  normal 


by  exposure  to  cold.     In  the  age  of  the' sufferer,  this  case  stands  alone  in  the  history  of  the 
disease,  and  is  not  included  in  the  figures  given.     The  case  may  be  a  mere  coincidence,  or 
may  show  that  a  latent  predisposition  may  persist  through  life. 
22 
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in  several  cases  in  which  it  has  been  examined.  The  electro-sensibility  of 
the  muscles  is  said  to  be  sometimes  lessened.  Increased  sensitiveness  to  pain 
is  occasionally  met  with.  Reflex  action  from  the  sole  is  usually  preserved, 
but  may  be  lost  when  there  is  anaesthesia.  The  cremaster  reflex  is  often 
lost.  On  account  of  the  age  of  the  patients  little  is  known  of  the  condition 
of  sexual  power,  but  it  is  certainly  often  lost.  Menstruation  becomes  irreg- 
ular and  ceases.  The  sphincters,  as  a  rule,  are  unaffected.  There  is  no 
tendency  to  trophic  changes  in  the  skin  or  joints. 

Although  muscular  power  is  commonly  normal  at  first,  and  may  be  normal 
even  when  the  ataxy  is  considerable,  it  usually  becomes  impaired  as  the  dis- 
ease progresses,  and  sometimes  weakness  comes  on,  with  the  ataxy,  at  the 
onset  of  the  disease.  The  loss  of  power  is  always  greatest  in  the  legs  and 
may  be  confined  to  them.  The  flexors  suffer  more  than  the  extensors.  It 
may  be  ultimately  great,  although  it  rarely  amounts  to  absolute  paralysis. 
Slight  wasting  of  the  muscles  may  occur  in  the  later  stages  of  the  disease, 
but  is  only  attended  with  trifling  depression  of  the  electrical  contractility. 
Lateral  curvature  of  the  spine,  and  talipes  equinus,  or  equino-varus,  of  the 
foot,  have  been  observed  as  later  results  of  the  muscular  weakness,  develop- 
ing under  the  influence  of  posture,  and  contraction  of  the  flexors  of  the 
knees  has  also  resulted. 

Visceral  crises  do  not  occur.  Frequency  of  pulse  has  been  noted,  how- 
ever, in  many  cases,  and  curious  vasomotor  symptoms  (flushing,  cedema, 
sweating,  polyuria,  and  salivation)  were  present  in  one  of  Friedreich's  cases. 
There  is  no  mental  change  that  can  be  regarded  as  part  of  the  disease.  Im- 
becility coexisted  in  one  case  (Power). 

The  rate  of  progress  of  the  malady  varies  much,  even  in  different  mem- 
bers of  the  same  family.  One  in  whom  the  disease  commenced  last  may  be 
unable  to  walk,  while  another  who  suffered  sooner  may  be  still  in  the  early 
stage  of  the  disease.  Now  and  then  the  disease  is  stationary  for  many  years. 
The  duration  of  the  malady  is  correspondingly  variable.  It  is  always  long, 
even  more  than  thirty  years,  and  in  many  instances  it  has  not  apparently 
shortened  life.  On  the  other  hand,  death  may  occur  at  the  end  of  ten  or 
twelve  years.  The  end  has  generally  come  from  intercurrent  affections, 
rarely  from  exhaustion.  An  attack  of  acute  myelitis  ended  life  in  one  of 
the  cases  recorded  by  Everett  Smith. 

Pathological  Anatomy. — The  lesion  in  hereditary  ataxy  is  that  of  ataxic 
paraplegia  and  of  tabes  combined.  There  is  degeneration  in  the  lateral 
column,  often  also  in  the  anterior  column,  such  as  occurs  in  ataxic  para- 
plegia, but  the  sclerosis  of  the  posterior  column  is  more  intense  than  in  that 
disease,  and  it  is  also  more  extensive,  especially  in  the  lumbar  region.  It  is 
similar  to  the  degeneration  of  tabes,  and  agrees  with  this,  also,  in  that  the 
posterior  nerve  roots  are  usually  affected,  whereas  in  ataxic  paraplegia  they 
almost  invariably  escape. 

The  distribution  of  the  lesions  shows  a  close  correspondence  in  different 
cases,  as  will  be  seen  by  a  comparison  of  the  figures  here  given,  which  are 
from  three  different  cases  of  the  disease.     The  sclerosis  of  the  posterior 
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columns  may  be  complete  throughout  the  cord,  with  the  exception  of  a 
narrow  band  near  the  neck  of  the  cornu,  which  always  remains  but  little 
damaged.  In  the  lumbar  region  it  is  usually  intense  up  to  the  head  of  the 
horn  and  the  posterior  surface  of  the  cord.  Occasionally,  however,  it  is 
somewhat  less  intense  in  the  lumbar  region  than  it  is  higher  up,  extending, 
however,  into  the  root  zone.     In  the  cervical  region  the  sclerosis  may  also 

be  general,  or  it  may  be  greatest  in  the  root  zone  and  in 

the  posterior   median  columns.     The   cervical   root  zone 

never  escapes,  as  it  often  does  in  fabes. 

The  degeneration  of  the  lateral  columns  always  involves 

the  pyramidal  tracts,  and  is  most  intense  in  their  position. 

It  is  not,  however,  limited  to  them.     It  usually  extends 


Fig.  123. 


Fig. 


Hereditary  ataxy ;  section  of  spinal  cord  at  first  lumbar  seg- 
ment. Sclerosis  of  the  whole  of  the  posterior  columns  except 
a  narrow  zone  adjacent  to  the  neck  of  the  horn.  Degeneration 
also  of  the  lateral  pyramidal  tracts,  and,  in  front  of  this,  slight 
degeneration  in  the  superficial  layer  of  the  lateral  column. 
Adjacent  to  the  anterior  median  fissure  there  is  also  a  zone  of 
sclerosis  of  the  anterior  pyramidal  tract  which  extends,  in  this 
cord,  into  the  lumbar  region.* 

outward  to  the  periphery  of  the  cord,  where  the  pyramidal 
tract  does  not  reach  the  surface,  thus  involving  the  direct 
Sutlon  of  "de'gen-  cerebellar  tract,  and  it  also  extends  forward  at  the  surface, 

eration  in  the  white  ^-^  i_        j      r  1  i  ■  1  ■    1 

columns,  indicated   so  as  to  constitute  a  band  01  annular  sclerosis,  which  varies 

ing.'  Xa/uI  Fried-  in  thickness  in  different  parts  of  the  cord  and  in  different 

cases.      In  the  inner  part  of  the  anterior   column    there 


*  I  am  indebted  for  this  section  to  Dr.  Everett  Smith,  who  has  published  the  case  in  the 
Boston  Med.  and  Surg.  Journal,  Oct.  15th,  1885.  The  patient  was  one  of  three  sisters 
affected  with  the  disease,  the  brothers  being  healthy.  The  father  suffered  from  ataxic 
paraplegia  late  in  life,  as  mentioned  on  p.  344.  In  the  case  from  which  the  drawing  is  made, 
the  incoordination  began  in  the  legs  at  the  age  of  nineteen,  and  in  the  arms  soon  afterward, 
and  was  quickly  followed  by  loss  of  power,  which  gradually  increased  to  almost  universal 
paralysis,  with  muscular  contractures  (talipes  equino-varus,  etc.),  and  considerable  loss  of 
sensation.  There  was  nystagmus,  affection  of  articulation,  and  some  mental  dullness.  Death 
occurred  at  the  age  of  forty. 
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may  be  a  distinct  area  of  degeneration  in  the  position  of  the  anterior 
pyramidal  tract.  This  is  seen  in  Fig.  123,  in  which  this  tract  extends 
unusually  low  in  the  cord,  and  is  distinctly  degenerated  in  the  upper  part 

of  the  lumbar  enlargement.     Atro- 


Fig.  124. 
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phy  of  the  posterior  vesicular  col- 
umn has  been  found  associated 
with  that  of  the  direct  cerebellar 
tract.  Slight  abnormal  appear- 
ances have  been  seen  in  the  nerve 
cells  of  the  anterior  cornua,  in 
some  cases,  but,  as  a  rule,  these  are 
normal,  and  the  gray  matter  pre- 
sents no  other  disease.  It  is  very 
likely,  however,  that  future  obser- 
vations will  reveal  the  occurrence 
of  changes  in  the  nerve  cells  of 
the  posterior  horns,  such  as  are 
met  with  in  tabes. 

The  pia  mater  over  the  posterior 
columns  has  been  found  thickened. 
The  posterior  nerve  roots  usually 
present  some  degeneration  of  their 
fibres;  this  may  be  partial  (Fig. 
125,  b),  or  may  amount  to  total 
destruction  of  the  fibres  (as  at  c). 
The  peripheral  nerves  in  the  limbs 
have  been  found  normal.* 

Some  general  shrinking  and  in- 
duration of  the  pons  and  medulla 
were  found  by  Friedreich,  with 
atrophy  of  the  cells  of  the  post- 
pyramidal  nucleus,  and  some  de- 
generation of  the  restiform  bodies, 
but  none  of  the  anterior  pyramids. 
Corpora  amylacea  were  present  in 
the  hypoglossal  nerves. 


*  Friedreich,  Virchow's  Archiv,  Bd.  70, 

145. 

f  For  the  sections  from  which  the  draw- 


Hereditary  ataxy.  A,  cervical;  B,  dorsal;  C,  lumbar 
regions  of  the  cord.  The  posterior  columns  are  scle- 
rosed in  their  whole  extent,  except  in  the  vicinity  of 
the  neck  ot  the  horn  in  the  cervical  and  lumbar  regions,  p. 
the  degeneration  being  rather  less  intense  in  the  lumbar 
than  in  the  other  parts.     In  the  antcro-lateral  columns 

there  is  an  annular  zone  of  sclerosis  in  the  periphery  of  .  , 

the  cord,  widening  in  the  region  of  the  pyramidal  tract,  mg  >s  made  I  am  indebted  to  Dr.  Pitt  (who 
In  front  of  this  tract  the  zone  is  widest  in  the  dorsal  pi.epared  them)  and  Dr.  Moxon,  under 
region,  and  trifling  in  degree  in  the  lumbar.    1  he  gray  r     r  ' 

matter  is  but  little  afFected.-|-  whose  care  the  patient  died  in  Guy's  Hos- 

pital.    The  case  (full  details  of  which  will 

be  found  in  the  current  volume  of  the  Guy's  Hosp.  Reports)  is  one  of  a  series  of  five  cases  (four 

brothers  and  a  sister)  which  I  reported  some  years  ago  to  the  Clinical  Society  {Clin,  Soc. 

Trans.,  vol.  xiv,  1881,  p.  1). 
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Fig.  125. 


Pathology. — The  disease  apparently  occupies  a  clinical  and  pathological 
position  between  the  combined  sclerosis  described  as  ataxic  paraplegia  and 
simple  tabes,  resembling  the  former  in  the  common  affection  of  the  lateral 
columns  and  the  consequent 
weakness,  but  differing  from 
it  and  resembling  tabes  in  the 
degree  of  affection  of  the  pos- 
terior columns  in  the  lumbar 
regions  and  the  affection  of 
the  posterior  roots ;  with  these 
the  loss  of  the  knee  jerk  and 
the  affection  of  sensation  are 
apparently  connected.  Iso- 
lated cases  presenting  the 
same  combination  of  spinal 
symptoms  are  occasionally 
met  with.  The  precise  origin 
of  the  affection  of  articulation 
and  of  the  nystagmus  has  not 
yet  been  traced. 

From  the  age  at  which  the 
disease  commences,  long  be- 
fore the  period  at  which  ordi- 
nary degenerations  occur,  we 
must  look  for  its  ultimate  cause  to  a  congenital  tendency  of  development, 
by  which  the  affected  elements  have  a  briefer  period  of  vital  endurance  than 
the  other  tissues  of  the  organism.  Mobius  has  suggested  that  there  is  an 
actual  arrest  of  development  of  these  structures,  but  it  is  doubtful  whether 
this  assumption  is  warranted  by  the  facts. 

Diagnosis. — In  most  cases  the  incoordination  is  sufficiently  predominant 
to  suggest  that  the  disease  is  a  form  of  ataxy,  and  the  unsteadiness  of  the 
head,  the  affection  of  articulation,  the  nystagmus,  and  the  age  at  onset, 
suffice  for  the  distinction  from  ordinary  tabes.  The  common  form  of  ataxic 
paraplegia  bears  a  close  resemblance  to  this  disease,  a  resemblance  that  is 
more  than  superficial,  although  the  excessive  knee  jerk  and  foot  clonus, 
almost  always  present  in  ataxic  paraplegia,  are  usually  absent  in  hereditary 
ataxy,  and  nystagmus  is  absent  in  the  former.  The  difference  in  the  state 
of  myotatic  irritability  is,  as  we  have  seen,  not  absolute.  Cases  of  combined 
lateral  and  posterior  sclerosis  occur,  of  tabetic  type,  in  which  the  knee  jerk 
is  lost,  and  in  at  least  one  case  of  hereditary  ataxy  the  knee  jerk  has  been 
excessive.  The  age  of  onset  and  family  multiplicity  may  decide  the  question, 
but  isolated  cases  occur,  commencing  soon  after  puberty,  scarcely  distin- 
guishable from  the  hereditary  disease.  Such,  a  case  has  been  recorded  by 
Kahler  and  Pick,  which  has  been  regarded  by  some,  and  not  by  others,  as 
an  example  of  this  disease. 

Disseminated  sclerosis  presents  incoordination,  nystagmus,  and  impaired 


Hereditary  ataxy ;  degeneration  of  posterior  nerve  roots  (from 
the  same  case  as  Fig.  124).  A,  normal  anterior  root,  for  com- 
parison. B,  posterior  root,  partially  degenerated  ;  a  few  normal 
nerve  fibres  are  seen,  but  most  of  the  spaces  which  should 
contain  nerve  fibres  are  empty.  C,  posterior  root,  totally 
degenerated,  probably  by  a  more  acute  process  than  that  of 
B,  since  there  is  some  destruction  of  the  septa  and  increase  of 
amorphous  connective  tissue.  The  products  of  degeneration 
are  rendered  invisible  by  the  mode  of  preparation.  (Compare 
C  with  the  similar  changes  in  a  totally  degenerated  peripheral 
nerve  shown  in  Fig.  51,  B,  p.  111.) 
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articulation,  but  the  ataxy  of  the  arras  differs  in  the  wide  range  and  violent 
character  of  the  disordering  jerks  which  characterize  this  disease ;  in  the 
legs,  moreover,  simple  unsteadiness  is  very  rare.  The  affection  of  speech 
differs  from  that  of  hereditary  ataxy  in  being  simply  "staccato,"  with  undue 
separation  of  syllables,  which  are  rarely  run  together.  The  cases  are  always 
isolated. 

Cerebellar  tumor  and  hereditary  ataxy  can  hardly  be  confounded,  in  spite 
of  the  fact  that  the  unsteadiness  in  walking  is  very  similar  in  the  two  diseases; 
the  common  affection  of  the  arms  in  the  one,  and  the  conspicuous  head 
symptoms  (severe  pain,  optic  neuritis,  etc.)  of  the  other,  sufficiently  distin- 
guish them. 

Prognosis. — The  prognosis  in  every  case  is  very  serious,  since  the  disease 
is  essentially  progressive,  but  life  may  be  prolonged  for  many  years,  and  in 
slight  cases  the  malady  may  interfere  comparatively  little  with  the  patient's 
occupation.  Thus  I  have  known  a  man,  with  very  marked  symptoms,  follow 
his  business  as  a  tradesman  for  many  years.  The  only  guide  to  individual 
prognosis  is  the  observed  rate  of  progress. 

Treatment. — As  in  other  diseases  that.depend  on  a  congenital  tendency, 
treatment  is  almost  powerless.  The  measures  recommended  for  ordinary 
locomotor  ataxy  (apart  from  those  suggested  by  the  syphilitic  relation  of 
tabes)  are  those  most  suitable  to  the  hereditary  form.  Arsenic  and  nitrate 
of  silver  especially  deserve  a  trial;  now  and  then  they  seem  to  check  the 
progress  of  the  disease  for  a  longer  or  shorter  time,  but  its  progressive 
tendency  ultimately  reasserts  itself. 


CHRONIC    SPINAL   MUSCULAR   ATROPHY. 

PROGRESSIVE  MUSCULAR  ATROPHY;   WASTING  PALSY;    AMYOTROPHIC 
LATERAL  SCLEROSIS;   CHRONIC  POLIO-MYELITIS. 

The  disease  which  has  long  been  known  by  the  names  "progressive 
muscular  atrophy"  and  "wasting  palsy"  is  characterized  by  slow  wasting 
of  the  muscles,  beginning  in  some  one  part,  and  usually  spreading  and 
increasing,  until  it  is  wide  in  extent  and  extreme  in  degree.  The  changes 
in  the  muscles  depend  on  changes  in  the  spinal  cord,  a  slow  degeneration 
of  the  ganglion  cells  of  the  anterior  cornua,  accompanied  by  a  similar 
degeneration  in  the  motor  nerve  fibres  which  spring  from  the  cells.  With 
this  degeneration  of  the  cells  and  peripheral  fibres,  there  is  usually  also 
associated  a  degeneration  of  the  pyramidal  tracts  in  the  cord. 

Chronic  muscular  atrophy  was  separated  from  primary  paralysis  by  Sir 
Charles  Bell,  and  was  afterward  described  more  fully  by  Aran  and  Cruveil- 
hier.  Bell  and  Cruveilhier  regarded  it  as  a  spinal  disease.  Aran  (who  first 
called  it  "progressive  muscular  atrophy ")  thought  that  it  was  primarily  a 
disease  of  the  muscles,  a  view  that  was  afterward  held  by  Duchenne,  and 
subsequently,  also,  by  Friedreich.  This  opinion  was  supplemented  by  a 
theory  that  the  wasting  was  due  to  a  disturbance  of  the  sympathetic.     Lock- 
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hart  Clarke  first  discovered  the  disease  of  the  gray  substance  of  the  spinal 
cord,  and  Charcot  specially  associated  the  atrophy  with  the  wasting  of  the 
ganglion  cells.  When  the  constancy  of  the  spinal  lesion  was  demonstrated, 
it  was  thought  that  every  fonri  of  chronic  muscular  atrophy  was  of  spinal 
origin,  but  this  view  has  proved  erroneous,  and  it  has  been  shown  that  there 
are  forms  of  muscular  atrophy  which  are  purely  local  and  idiopathic.  The 
morbid  process  is  not  confined  to  the  spinal  cord.  Atrophy  of  the  nerve 
cells  from  which  the  motor  bulbar  nerves  arise  often  accompanies  that  of 
the  spinal  cells,  and  "progressive  bulbar  paralysis  "  is  then  associated  with 
"  progressive  muscular  atrophy."  Moreover,  the  degeneration  of  the  pyra- 
midal fibres  can  often  be  traced  through  the  brain. 

Two  varieties  of  the  disease  have  been  distinguished  by  Charcot,  who  has 
been  followed  in  this  by  most  subsequent  writers.  In  the  one  variety  the 
disease  is  manifested  only  by  the  wasting  of  the  muscles ;  in  the  other  there 
are,  in  other  parts  than  those  much  atrophied,  the  indications  of  degenera- 
tion of  the  pyramidal  tracts  of  the  cord.  In  the  latter  cases,  Charcot 
regarded  the  degeneration  of  the  pyramidal  tracts  as  the  primary  lesion, 
and  the  affection  of  the  cornua  as  secondary.  He  therefore  termed  the 
cases  of  the  first  class  "  protopathic,"  and  those  of  the  second  class 
"  deuteropathic,"  and  gave  to  the  latter  the  name  "amyotrophic  lateral 
sclerosis."  In  Germany,  however,  and  especially  by  Leyden,  doubts  have 
been  expressed  as  to  the  validity  of  the  distinction  between  the  two  classes 
of  cases,  and  as  to  the  sequence  of  the  lesions  in  the  second  class.  These 
doubts  are  not  without  foundation.  The  subject  will  be  discussed  when  the 
pathology  of  the  disease  is  considered,  and  reasons  will  then  be  given  for 
the  course  here  adopted  of  considering  the  two  varieties  together,  as  essen- 
tially one  disease. 

Causes. — The  disease  is  more  frequent  in  males  than  in  females,  the  pro- 
portion being  about  three  to  one.  It  is  chiefly  a  disease  of  adult  life,  com- 
mencing usually  between  twenty-five  and  forty-five.  I  have  known  it  to 
begin  at  fourteen  and  as  late  as  seventy,  but  most  cases  of  muscular  atrophy 
in  early  life  are  idiopathic,  and  not  spinal.  Heredity  is  to  be  traced  only 
in  less  than  half  the  cases,  and  generally  as  an  indirect  neuropathic  disposi- 
tion. Rarely  there  is  direct  inheritance  of  the  disease.  Among  instances 
that  I  have  met  with  are  a  lady  whose  mother  died  from  a  similar  atrophy, 
and  another  case  (from  which  Fig.  135  is  taken)  in  which  a  brother  had 
died  from  some  chronic  disease  of  the  cord,  attended  with  wasting.  When 
"many  members  of  a  family  suffer  from  muscular  atrophy,  the  malady  is 
nearly  always  idiopathic  and  not  spinal.  The  affection  occurs  in  all  classes 
of  society,  and  it  is  doubtful  whether  workers  with  the  muscles  furnish  a 
larger  proportion  of  the  cases  than  can  be  accounted  for  by  their  greater 
exposure  to  the  certain  exciting  causes. 

Of  these  more  direct  causes  one  of  the  most  frequent  is  mental  distress 
and  anxiety,  and  this  is  especially  met  with  in  females.  A  severe  fright  has 
been  thought  to  produce  it.  Another  cause  is  exposure  to  wet  cold,  which 
is  a  cause,  also,  of  many  other  chronic  spinal  diseases.     Sometimes  the  expo- 
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sure  has  been  habitual ;  sometimes  a  single  exposure  has  been  the  cause,  and 
some  neuralgic  pains,  indicative  of  the  deleterious  influence  on  the  nervous 
system,  have  followed  the  exposure  and  connected  it  v/ith  the  later  wasting, 
The  pain  has  been  sometimes  in  the  part  afterward  wasted,  sometimes  in 
some  other  more  common  seat  of  neuralgia.  Thus  one  patient,  after 
remaining  in  wet  clothes  for  twelve  hours,  suffered  for  six  weeks  from  severe 
neuralgia  in  the  left  side  of  the  face,  and  then  the  muscles  of  the  left 
shoulder  began  to  waste.  Although  excessive  use  of  individual  muscles  may 
cause  them  to  waste,  it  is  doubtful  whether  this  influence  produces  genera 
muscular  atrophy.  Injury  to  the  cord,  such  as  results  from  concussion  of 
the  spine,  is  a  rare  cause.  It  more  often  causes  disseminated  myelitis,  which 
may  be  manifested  by  muscular  wasting  combined  with  other  symptoms.  In 
a  few  instances  I  have  known  progressive  atrophy,  of  typical  characters,  to 
slowly  follow  a  concussion,  as  if  this  had  set  up  a  perversion  of  the  nutrition 
of  the  nerve  elements.  Still  more  rarely  a  fall,  injuring  one  limb,  has  been 
followed  by  muscular  atrophy  commencing  in  this  limb  and  becoming 
general.  Thus  a  woman  fell  downstairs,  and  pitched  on  her  left  hand  and 
wrist ;  she  had  pain  in  the  arm  for  a  long-time,  and  two  years  after  the  fall 
this  arm  began  to  waste  and  the  atrophy  ultimately  became  general.  The 
relation  might  be  passed  as  an  accidental  coincidence,  were  it  not  that  in 
other  central  diseases,  such,  for  instance,  as  paralysis  agitans,  the  symptoms 
may  commence  in  an  injured  limb. 

The  disease  sometimes  succeeds  syphilis,  and  no  other  cause  may  be 
traceable.  As  with  other  degenerative  diseases,  an  interval  of  years  elapses 
between  the  primary  disease  and  its  nervous  sequel.  The  cases  that  I  have 
seen  after  syphilis  have  been  typical  in  course  and  evidently  degenerative 
in  nature.  It  is  probable  that  syphilis  has  some  share  in  the  causation  of 
these  cases,  because  the  same  relation  obtains  in  the  case  of  other  diseases 
of  the  same  class,  and  especially  in  that  of  locomotor  ataxy.  Occasionally, 
syphilis  and  a  neurotic  heredity  can  both  be  traced.  In  rare  cases  the 
disease  has  followed  acute  specific  diseases,  especially  measles,  as  in  a  remark- 
able group  of  cases,  in  one  family,  recorded  by  Ormerod.*  General  mus- 
cular atrophy  may  result  from  lead  poisoning,  but  this  form  is  not,  as  a  rule, 
progressive  in  character  when  its  cause  has  ceased  to  act.  In  many  cases  of 
progressive  muscular  atrophy  no  cause  for  the  disease  can  be  traced. 

Symptoms. — The  definite  symptoms  of  the  disease  are  often  preceded  by 
aching  pain  in  the  part  afterward  wasted,  rarely  severe.  Sometimes  there  is 
such  pain  in  the  spine  or  elsewhere,  especially,  as  already  stated,  in  the 
cases  that  are  due  to  exposure  to  cold.  Rarely  some  sensation  other  than 
pain  precedes  the  local  symptoms.  Thus  in  one  case  a  sense  of  coldness 
preceded  the  atrophy  in  each  limb  that  was  attacked.  Weakness  and  wast- 
ing usually  come  on  together ;  sometimes  one  and  sometimes  the  other  first 
attracts  the  attention  of  the  patient.  In  the  upper  part  of  the  arm  the  loss 
of  power  is  usually  first  noticed,  and  in  such  covered  parts  the  wasting  may 

*  Brain,  1884,  p.  334. 
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become  considerable  before  it  is  discovered.  In  the  hand  the  wasting  is 
often  first  noticed,  but  sometimes  it  is  the  impairment  of  some  delicate 
action,  such  as  writing,  that  draws  attention  to  the  part.  The  affected 
muscles  lose  their  proper  shape,  and  there  is  flattening,  or  even  a  depression 
where  there  should  be  a  prominence.  If  a  patient  is  fat,  however,  the  wast- 
ing may  cause  at  first  very  slight  alteration  in  external  aspect. 

The  disease  commences  in  the  arms  in  nine-tenths  of  the  cases,  and  as 
frequently  in  one  arm  as  in  the  other.  It  begins  with  almost  equal  fre- 
quency in  the  hand  and  in  the  shoulder  muscles.  From  the  part  first 
affected  the  disease  spreads  to  other  parts  of  the  same  limb.  Before  it  has 
attained  a  considerable  degree  in  one  limb  it  usually  shows  itself  in  the  cor- 
responding limb  on  the  other  side ;  often  in  the  muscles  corresponding  to 
those  in  which  it  commenced,  sometimes  in  those  affected  second  in  order 
of  time.  As  the  muscles  waste,  the  voluntary  power  is  lessened,  and  paraly- 
sis results  of  various  character  and  degree,  corresponding  to  the  atrophy. 
In  the  hand,  the  thenar  muscles  and  interossei  are  usually  the  first  to  suffer, 
sometimes,  one,  sometimes  the  other,  but  both  are  soon  involved  in  most 
cases.  The  thenar  eminence  becomes  flattened  ;  the  base  of  the  first  meta- 
carpal bone  becomes  distinct  and  even  prominent.  Of  the  interossei,  the 
atrophy  of  the  abductor  indicis  is  especially  conspicuous  ;  the  normal 
prominence  gives  place  to  a  hollow  beside  the  metacarpal  bone  when  the 
thumb  is  abducted.  Depressions  form  between  the  metacarpal  bones  on  the 
back  of  the  hand,  and  also  between  the  flexor  tendons  in  the  palm  in  con- 
sequence of  the  wasting  of  the  lumbricales.  The  forearm  muscles  may  be 
next  involved,  the  flexors  usually  before  the  extensors,  and  with  the  flexors 
the  supinators  may  suffer  or  they  may  escape  until  the  biceps  is  involved. 
Occasionally  the  disease  begins  in  the  forearm,  and  then  especially  in  the 
extensor  muscles.  The  several  parts  of  the  long  flexors  or  extensors  may- 
suffer  unequally.  Of  the  extensors,  those  toward  the  ulnar  side  usually 
suffer  most.  The  extensors  of  the  phalanges  of  the  thumb  are  usually  more 
affected  than  that  of  its  metacarpal  bone.  Of  the  shoulder  muscles,  the 
deltoid  is  generally  the  first  to  manifest  the  disease,  and  in  some  cases  which 
begin  in  the  hand  the  deltoid  suffers  before  the  forearm  muscles.  The 
rounded  contour  of  the  shoulder  becomes  changed,  and  the  head  of  the 
humerus  can  be  recognized  beneath  the  acromion.  The  wasting  of  the 
deltoid  is  soon  followed  by  that  of  the  other  muscles  of  the  upper  arm  and 
of  the  scapula.  The  triceps  usually  suffers  less  and  later  than  the  biceps, 
but  sometimes  the  reverse  is  the  case.  The  supra-  and  infra-spinati  are 
often  affected  with  the  deltoid. 

In  most  cases  the  wasting  early  involves  the  muscles  of  the  back,  and  it 
sometimes  begins  in  them.  The  middle  and  lower  parts  of  the  trapezius 
usually  suffer  first;  the  rhomboids  and  erectors  of  the  spine  at  a  later  date. 
The  affection  of  the  trapezius  is  readily  recognized  if  the  patient  tries  to  put 
the  shoulder  back.  The  highest  part  of  the  trapezius  presents  a  remarkable 
indisposition  to  atrophy ;  it  often  remains  intact  to  the  last  and  then  may 
contrast  with  the  wasting  below  it,  standing  out,  on  each  side,  like  a  cord 
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passing  from  the  occiput  to  the  shoulder.  Hence  Duchenne  termed  this 
part  the  ultimum  moriens.  I  have,  however,  seen  two  otherwise  typical 
cases  (one  beginning  in  the  deltoids,  the  other  in  the  hands)  in  which  the 
highest  parts  of  the  trapezei  suffered  before  the  middle  parts.     The  levator 


Fig.  126. 


Fig.  127. 
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Progressive  muscular  atrophy.  Wasting 
of  right  trapezius  complete  (the  rhom- 
boids remaining),  of  the  left  trapezius 
partial.  On  each  side  the  upper  part 
of  the  trapezius  is  wasted,  and  the  con- 
tour of  the  neck  is  correspondingly 
changed.  Both  deltoids  are  also  atro- 
phied.   {Drawn  by  Dr.  Spencer.) 


Fig. 128 


Progressive  muscular  atrophy. 
Wasting  of  the  muscles  of  the 
back  and  arms ;  in  the  fore- 
arm scarcely  any  muscular 
tissue  can  be  recognized, 
and  in  the  hand  all  ihe  mus- 
cular prominences  have 
vanished.  {Drawn  by  Dr. 
H.  R.  Spencer.) 


Progressive  muscular  atrophy.  "Weakness  of  the  mus- 
cles of  the  neck.  (A)  Habitual  posture  of  the  head 
inclined  backward.  (B)  Position  into  which  it  falls  if 
the  patient  attempts  to  keep  it  in  the  normal  balance. 
(Dratvn  by  Dr.  Spencer.) 

anguli  scapulse  also  generally  escapes  even  when  all  the  muscles  about  it  are 
wasted.     The  serratus,  latissimus,  and  pectoralis  major  are  usually  affected;; 
later.     They  may  escape  wholly  or  in  part ;  isolated  bundles  of  the  pecto- 
ralis may  waste,  the  intervening  parts  escaping,  or  either  the  upper  or  lower 
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part  of  the  muscle  may  atrophy  alone.  According  to  the  affection  of  the 
muscles  that  are  attached  to  the  scapula,  the  position  of  the  bone  changes, 
and  it  becomes  rotated  under  the  influence  of  the  muscles  that  are  unaf- 
fected and  unopposed.  The  muscles  that  extend  the  head  on  the  spine  often 
suffer  in  considerable  degree,  and  from  this  there  results  a  difficulty  in  the 
carriage  of  the  head  (Fig.  128).  It  is  habitually  inclined  a  little  backward, 
so  as  to  balance  it  on  the  spine  with  but  little  muscular  exertion ;  if  moved 
forward,  or  if  the  occiput  is  touched,  it  falls  so  that  the  chin  touches  the 
chest.  It  can  be  brought  back  into  its  former  position  only  with  difficulty ; 
the  patient  has  to  incline  the  trunk  backward,  so  as  to  bring  the  head 
nearly  into  the  vertical  position,  and  then,  with  a  sudden  contraction  of  the 
sterno-mastoids,  and  a  jerk,  the  head  goes  back  into  its  former  posture.  The 
increased  innervation  of  the  weak  extensors  of  the  head  often  causes  a 
synergic  over-action  of  the  frontalis  muscles,  which  are  normally  associated 
with  the  extensors  (so  that  the  eyebrows  are  raised  when  the  head  is  put 
back  to  look  upward).  In  such  cases  the  wasting  of  the  muscles  at  the  back 
of  the  neck  causes  the  skin  to  lie  in  transverse  folds  when  the  neck  is 
extended.  The  patient  may  be  unable,  when  lying  in  bed,  to  move  the 
head  from  side  to  side.  The  sterno-mastoids  also  are  often  wasted  ;  either 
the  sternal  or  clavicular  part  may  be  most  affected.  In  striking  contrast  to 
the  general  wasting  of  the  neck  is  the  condition  of  the  platysma  myoides, 
which  always  escapes,  and  may  become  hypertrophied  in  a  vain  attempt  at 
compensation. 

The  muscles  of  respiration  suffer  in  the  majority  of  cases,  and  their  im- 
pairment constitutes  a  grave  source  of  danger  to  life.  The  intercostals 
rarely  escape  altogether ;  the  diaphragm  is  involved  in  about  one-third  of 
the  cases,  and  when  it  is  attacked  quickly  loses  all  power,  so  that  the  respi- 
ration is  carried  on  only  by  the  intercostals  and  superior  thoracic  muscles. 
On  the  other  hand,  the  intercostals  may  suffer  much,  and  the  diaphragm 
remain  free ;  respiration  is  then  purely  abdominal  and  the  walls  of  the 
thorax  may  be  almost  motionless  in  breathing,  or  there  may  be  merely  a 
slight  movement  of  elevation  of  the  upper  ribs.  The  chest  becomes  flattened 
in  front,  and  narrow  from  before  back,  from  the  influence  of  atmospheric 
pressure  on  the  ribs,  unopposed  by  the  intercostals.  Either  the  upper  or 
lower  intercostals  may  suffer  most,  with  a  resulting  difference  in  the  relative 
degree  of  movement  of  the  upper  or  lower  parts  of  the  chest.  In  cases  in 
which  the  diaphragm  is  paralyzed,  the  upper  chest  muscles  often  suffer  more 
than  the  lower ;  there  is  then  a  compensatory  over-action  of  the  lower  part, 
and  the  increased  movement  of  the  lower  ribs,  carrying  forward  the  abdom- 
inal wall,  may  suggest  that  the  diaphragm  is  acting  when  it  is  not.  A 
careful  examination  will  always  prevent  the  error.  The  muscles  of  the 
abdominal  wall  occasionally  waste,  but  far  less  frequently  than  those  of  the 
thorax. 

Wasting  in  the  legs  is  much  less  common  than  in  the  arms,  and  if  it 
occurs  is  usually  slighter  in  degree,  but  occasionally  the  disease  first  mani- 
fests itself  in  the  legs,  and  is  more  intense  in  them  than  elsewhere.     The 
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glutei,  extensors  of  the  knee,  and  the  muscles  in  the  front  and  on  the  outer 
side  of  the  lower  leg,  are  those  that  are  most  affected.  We  shall  presently 
see,  however,  that  the  legs  are  often  paralyzed  when  they  are  not  wasted, 
and  sometimes  they  are  the  seat  of  wasting  which  differs  in  certain  features 
from  that  which  is  the  special  characteristic  of  the  disease. 

The  face  almost  always  escapes  the  general  wasting,  and  its  normal  ap- 
pearance may  present  a  striking  contrast  to  the  rest  of  the  body.  In  many 
cases,  however,  the  lips  are  paralyzed  as  part  of  the  bulbar  palsy  that  so 
often  accompanies  the  spinal  disease.  A  remarkable  case  in  which  the  face 
shared  the  atrophy  of  the  limbs,  and  the  tongue  escaped,  has  been  recorded 
by  Langer.* 

As  the  wasting  progresses,  the  appearance  of  the  parts  in  which  it  is  most 
advanced  becomes  extremely  changed,  All  trace  of  muscle  may  disappear 
from  parts  of  limbs  or  even  from  an  entire  limb,  and  there  is  usually  a  wast- 
ing of  the  adipose  tissue  as  well  as  of  the  muscle,  so  that  the  bone  seems  to 
be  covered  only  by  fascia  and  skin.  The  transverse  processes  of  the  vertebras 
may  be  felt  in  the  hollow  beside  the  spine,  and  the  bony  prominences  about 
the  shoulder  may  be  almost  as  conspicuous  as  in  a  skeleton,  so  that  beneath 
the  acromion  there  may  be  a  groove,  into  which  the  finger  can  be  placed, 
in  consequence  of  the  descent  of  the  head  of  the  humerus  from  the  glenoid 
cavity.  The  unequal  affection  of  antagonistic  muscles  leads  to  various  con- 
tractions and  deformities.  In  the  hand,  especially,  distortion  is  apt  to 
occur;  from  the  paralysis  of  the  interossei  and  the  contraction  of  the  longer 
flexor  and  extensor  muscles,  the  "claw-like  hand"  develops  in  extreme 
degree  (Figs.  17  and  18,  p.  52).  If  all  the  muscles  of  a  part  are  equally 
and  simultaneously  affected,  no  deformity  results  unless  an  unsupported  part 
yields  to  the  influence  of  gravitation.  Lordosis  is  very  common  in  cases  in 
which  the  trunk  and  hip  muscles  are  involved.  Its  precise  mechanism  is  not 
always  clear,  but  it  is  certainly  often  the  indirect  result  of  the  weakness  of 
the  extensors  of  the  hip  joint,  in  consequence  of  which  the  pelvis  is  unduly 
inclined  forward,  and  carries  with  it  the  lower  lumbar  vertebrae ;  the  upper 
part  of  the  trunk  has  then  to  be  carried  far  backward,  to  bring  the  centre 
of  gravity  within  the  base  of  support.  The  evidence  of  this  mechanism  is 
that  the  lordosis  entirely  disappears  when  the  patient  sits,  and  the  pelvis, 
resting  on  the  ischial  tuberosities,  is  no  longer  inclined.  This  was  the  case, 
for  example,  in  a  woman  with  extreme  lordosis  from  progressive  muscular 
atrophy,  in  whom,  when  standing,  a  plumb  line  from  the  seventh  cervical 
spine  fell  three  inches  from  the  sacrum  and  an  inch  and  a  half  from  the 
buttock.     Sitting,  her  spine  was  perfectly  straight. 

The  electrical  irritability  of  the  wasted  muscles  presents  changes  which 
vary  in  character  in  different  cases.  When  the  wasting  is  slow,  there  is  usu- 
ally a  diminution  in  both  faradaic  and  voltaic  irritability,  similar  in  char- 
acter to  each  current.  The  irritability  fails  with  the  muscular  nutrition, 
and  when  the  wasting  is  great  only  a  slight  contraction  can  be  obtained, 

*  Meeting  of  the  Vienna  Medical  Society,  March  17th,  1882. 
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even  with  a  strong  current.  When  the  wasting  is  extreme,  irritability  at 
last  becomes  extinct,  but  the  voltaic  irritability  of  the  muscular  fibres  per- 
sists longer  than  the  faradaic  irritability,  and  a  strong  voltaic  current  will 
often  cause  a  slight  contraction  long  after  faradaism,  in  any  strength  that 
can  be  borne,  fails  to  stimulate  the  muscle.  In  such  cases,  the  quality  of 
the  voltaic  irritability  may  be  normal,  but  often  there  is  a  change  in  the 
order  of  reactions.  ACC  (anodal  closure  contraction)  occurs  as  readily,  or 
more  readily,  than  KCC.  Tetanic  contraction  during  the  passage  of  the 
current  is  produced  with  undue  readiness,  compared  with  the  closure  con- 
tractions, and  opening  contractions  are  often  caused  by  currents  but  little 
stronger  than  those  that  cause  closure  contractions.  Thus  there  is  the 
qualitative,  without  the  quantitative  character  of  the  reaction  of  degener- 
ation (see  p.  67).  When  the  wasting  is  rapid,  and  especially  when  the 
weakness  comes  on  more  rapidly  than  nutrition  fails,  there  may  be  consid- 
erable diminution  of  faradaic  irritability,  while  that  to  voltaism  is  but  little 
lower  than  normal,  and  in  such  cases  the  qualitative  change  is  often  well 
marked.  Lastly,  when  there  is  rapid  and  considerable  paralysis  developing 
in  the  course  of  a  few  days,  either  at  the  onset  or  during  the  course  of  the 
disease,  the  palsy  being  followed  by  rapid  wasting,  there  may  be  quick  ex- 
tinction of  faradaic  with  actual  exaltation  of  voltaic  irritability,  and  the 
reaction  of  degeneration  may  be  present  in  all  its  characteristics. 

The  mechanical  irritability  of  the  muscles  is  considerably  increased ;  a 
tap  causes  a  local  contraction  of  the  fibres  struck.  Moreover,  spontaneous 
flickering  contractions  of  parts  of  the  muscles  are  very  common,  now  of  one 
bundle,  now  of  another,  conspicuous  to  the  eye,  although  scarcely  felt  by  the 
patient.  This  "fibrillation,"  as  it  is  termed,  is  so  frequent  as  to  be  charac- 
teristic, but  it  is  not  invariable,  nor  is  it  confined  to  this  disease.  It  may 
sometimes  be  observed  in  muscles  that  are  not  yet  invaded  by  the  wasting, 
but  where  it  is  observed,  atrophy  usually  follows. 

In  the  parts  affected  by  the  characteristic  wasting  all  reflex  action  is  abol- 
ished, clearly  in  consequence  of  the  damage  to  the  motor  part  of  the  reflex 
arc ;  the  afferent  portion  of  the  arc  is  unaffected,  for,  as  we  shall  see,  there 
is  no  loss  of  sensation.  The  myotatic  irritability  ("  tendon-reflex  action  ") 
is  also  lost,  and  lost  early.  The  knee  jerk,  for  instance,  disappears  as  soon 
as  there  is  even  a  slight  diminution  in  the  bulk  of  the  thigh  muscles,  in  cases 
in  which  the  legs  are  the  seat  of  primary  wasting.  The  muscles  are  flaccid 
and  toneless;  a  condition  that  may  be  conveniently  termed  "atonic  atro- 
phy." To  this  common  rule,  however,  exceptions  are  sometimes  met  with; 
there  may  be  from  the  first  rigidity  of  the  affected  muscles.  When  this  is 
the  case,  the  wasting  does  not  go  on  to  the  entire  destruction  of  the  muscle ; 
it  is  often  trifling,  but  may  be  considerable.  With  this  rigidity  there  is  a 
preservation  of  myotatic  irritability.  We  may  term  this  "  tonic  atrophy." 
There  is  thus  a  marked  contrast  in  the  two  conditions;  we  shall  presently 
consider  the  difference  more  fully.* 

*  It  should  be  noted,  however,  that  in  the  muscles  that  are  the  seat  of  flaccid  wasting, 
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Sensory  symptoms  are  usually  slight  and  always  subordinate.  They  are 
confined  to  pain,  usually  dull  and  rheumatoid  in  character,  felt  chiefly  in 
the  limbs  in  which  the  malady  is  most  active.  Such  pains  are  common  at 
the  onset,  as  we  have  already  seen,  and  they  may  recur  from  time  to  time 
during  the  course  of  the  disease.  Sometimes  vague  feelings  of  "numbness" 
or  "deadness"  are  complained  of,  but  cutaneous  sensibility  is  never  im- 
paired. (When  anesthesia  accompanies  muscular  wasting  both  symptoms 
are  due  either  to  chronic  meningitis,  damaging  the  nerve  roots,  or  to  dis- 
seminated focal  myelitis.)  Nor  do  the  muscles  lose  such  sensibility  as  they 
normally  possess.  Perception  of  posture  persists,  and  the  muscles  are  not 
only  sensitive  to  pressure,  but  are  often  more  sensitive  than  in  health,  not 
only  to  pressure  but  also  to  extension. 

When  the  arms  are  the  seat  of  such  atrophy  as  has  been  described,  the 
legs,  if  not  also  wasted,  may  be  normal,  but  they  are  often  paralyzed  without 
being  wasted.  The  loss  of  power  comes  on  slowly  and  gradually,  and  is 
accompanied  by  an  increase  of  myotatic  irritability.  The  knee  jerk  is  ex- 
cessive, a  clonus  can  readily  be  obtained,  and  the  reflex  over-action  of  the 
muscles  may  increase  to  actual  rigidity  and  spasm,  so  that  there  is  the  con- 
dition of  spastic  paraplegia  described  in  a  preceding  chapter.  It  is  rai-e, 
however,  for  the  spasm  to  reach  the  higher  degree  of  intensity,  and  for  the 
muscles  to  present  the  massive  firmness  that  characterizes  the  simple  form  of 
spastic  paraplegia.  On  the  other  hand  there  is  often  some  diminution  in 
the  size  of  the  muscles,  and  thus  we  have  a  gradation  to  the  condition  of 
tonic  atrophy  just  described.  In  this  condition,  moreover,  there  is  usually 
only  a  moderate  diminution  in  electrical  excitability,  which  does  not  go  on 
to  extinction.  The  one  condition  does  not  seem  to  pass  into  the  other;  the 
rigidity  and  myotatic  excess  do  not  give  place  to  muscular  relaxation ; 
atonic  atrophy  does  not  succeed  the  tonic  wasting.  In  very  rare  cases,  of 
which  I  have  seen  a  few  instances,  there  is  a  similar  condition  in  the  hands 
when  the  shoulders  are  the  seat  of  simple  atonic  atrophy.  The  forearms  are 
then  rigid,  moderately  wasted,  with  myotatic  excess,  while  the  muscles  of 
the  shoulders  are  extremely  wasted  and  absolutely  flaccid.  In  still  more 
rare  cases,  the  whole  arms  are  thus  affected,  are  thin  and  rigid,  and  in  no 
part  is  there  atonic  atrophy. 

In  one  remarkable  case  of  this  character  the  muscles  of  the  trunk  partici- 
pated in  the  spasm.  After  coughing  or  yawning  respiration  would  be  checked 
for  a  few  seconds  by  general  spasm,  and  whenever  the  patient  was  raised  from 
the  bed,  the  arms,  legs,  back,  and  neck  became  stiff  in  tetanoid  rigidity,  the 
head  being  bent  backward. 

The  extreme  emaciation  of  the  most  affected  parts  shows  that  the  adipose 


when  the  atrophy  has  attained  an  extreme  degree,  slight  rigidity  may  develop,  accompanied 
by  considerable  tenderness  of  the  muscle.  It  is  probable  that  this  rigidity  is  idiopathic,  and 
due  to  the  structural  changes  in  the  muscles,  presently  to  be  described.  This^condition, 
which  should  be  distinguished  from  the  initial  rigidity,  is  rare ;  the  early  relaxation  is  usually 
maintained  to  the  last. 
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tissue  wastes  as  well  as  the  muscles.  The  atrophied  limbs  are  usually  cold 
and  may  be  livid  or  pale,  but  there  is  no  tendency  to  acute  vasomotor 
disturbance  in  the  ordinary  form  of  the  disease.  I  have  known  the  skin  of 
the  face  to  become  thin  and  smooth,  so  that,  in  one  instance,  the  dark  iris 
could  be  seen  through  the  closed  eyelids,  but  such  a  change  is  quite  excep- 
tional. In  another  patient  there  was  a  very  remarkable  form  of  local  atrophy. 
Certain  areas  of  muscles  underwent  wasting,  the  rest  being  normal;  the 
affection  commenced  by  a  livid  discoloration  of  the  skin,  and  the  wasting 
seemed  to  involve  the  skin,  subcutaneous  tissue  and  muscle,  causing  local 
depressions.  Considerable  tracts  of  the  trapezii  were  thus  affected,  and 
smaller  spots  in  the  arms  and  legs.  The  patient  was  a  single  woman  of 
thirty-five,  and  the  disease  did  not  show  a  strongly  progressive  tendency. 

The  functions  of  the  sympathetic  are  not,  as  a  rule,  deranged.  Dilatation 
or  contraction  of  one  pupil  has  been  frequently  observed,  chiefly  in  asso- 
ciation with  atrophy  of  the  muscles  that  are  supplied  from  the  lower  part  of 
the  cervical  region,  and  no  doubt  depends  on  the  disease  of  the  spinal  cord, 
and  not  of  the  sympathetic  itself.  The  reflex  action  of  the  iris  is  usually 
normal,  and  optic  nerve  atrophy  never  occurs.  I  have  once  met  with  a 
remarkable  reflex  fixation  of  the  eyeballs  in  a  case  of  advanced  progressive 
muscular  atrophy.  If  the  patient,  looking  to  one  side,  was  suddenly  told 
to  look  at  an  object  on  the  other  side,  his  head  was  instantly  turned  toward 
the  second  object,  while  the  eyes  remained  fixed  on  the  first,  by  a  movement 
corresponding  to  that  of  the  head,  but  in  the  opposite  direction,  and  then, 
after  a  few  seconds,  they  were  slowly  moved  toward  the  second  object.  The 
phenomenon  continued  to  the  end  of  the  patient's  life.* 

The  visceral  functions  are  usually  little  disturbed.  Sexual  power  is  often 
lost.  The  sphincters  rarely  suffer.  Even  when  the  wasting  is  general  and 
extreme  they  may  be  unaffected,  but  occasionally  they  are  involved,  and 
they  may  even  suffer  early.  In  other  cases,  in  which  the  legs  become  weak 
after  the  wasting  sets  in  in  the  arms,  the  affection  of  the  sphincters  may 
coincide  with  that  of  the  legs.  In  the  composition  of  the  urine  slight 
changes  have  been  found,  but  not  constantly.  Urea  has  been  increased  in 
some  cases,  lessened  in  others. f  The  quantity  of  lime  has  been  found  to  be 
increased  (Frdmman),  that  of  kreatin  diminished,  even  to  one-tenth  of  the 
normal  (Rosenthal,  Langer).  The  lungs  may  suffer  from  the  impairment  of 
breathing  power,  when  the  intercostals  and  diaphragm  are  weakened. 

Varieties. — The  chief  varieties  of  the  disease  depend  on  the  relative 
distribution  of  the  three  conditions:  (i)  atonic  atrophy,  becoming  extreme, 
(2)  muscular  weakness  with  spasm,  but  without  wasting,  or  with  only  slight 

*  As  I  pointed  out  in  an  account  of  this  curious  condition  [Brain,  vol.  i),  it  is  interesting 
evidence  of  a  normal  reflex  mechanism  in  the  fixation  of  the  eyes,  which  was,  as  it  were, 
isolated  by  disease,  which  lessened  voluntary  control  over  it. 

f  In  a  patient  who  weighed  7  st.  13  lbs.,  and  whose  urine  varied  between  760  and  960 
cubic  centimetres,  I  found  the  daily  excretion  of  urea  to  vary  between  10.7  and  15  grammes, 
the  average  being  13  grammes.  This  is  just  half  the  normal  average  for  a  man  of  that 
weight,  which  would  be  (according  to  Parkes)  24  grammes. 
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wasting,  and  (3)  tonic  atrophy,  rarely  extreme  in  degree,  with  myotatic 
excess.  The  commonest  condition  is  to  have  atonic  atrophy  in  the  arms 
and  upper  part  of  the  trunk,  with  simple  weakness  and  spasm  in  the  legs. 
Atonic  atrophy  in  both  arms  and  legs  is  less  common,  and  the  least  common 
is  tonic  atrophy  alone,  in  the  arms,  or  universal.  The  last  is,  indeed, 
extremely  rare.  It  is  important  to  note,  however,  that  these  conditions  may 
coexist  in  every  degree  and  combination ;  between  universal  atonic  atrophy 
on  the  one  hand,  and  universal  spastic  paralysis  without  wasting  on  the  other, 
there  is  every  gradation.  The  latter  does  not  come  into  the  category  now 
under  consideration,  but  similar  cases  are  met  with  in  which  there  is  atrophy 
of  a  few  muscles,  as,  for  instance,  of  the  hands  only,  which  complete  the 
series. 

Complications. — Progressive  muscular  atrophy  is  occasionally  accompanied 
by  the  symptoms  of  some  other  degenerative  disease  of  the  spinal  cord.  The 
paralysis  with  spasm,  already  described,  can  scarcely  be  regarded  as  a  com- 
plication; it  is  rather  part  of  the  disease,  and  its  relation  to  the  other 
symptoms  will  be  considered  when  we  discuss  the  pathology  of  the  affection. 
In  rare  cases  muscular  atrophy  in  the  arms  is  accompanied  by  the  symptoms 
of  locomotor  ataxy  in  the  legs.  By  far  the  most  frequent  complication  is 
bulbar  paralysis,  weakness  of  the  lips,  tongue,  pharynx,  and  often  of  the 
laryngeal  muscles.  It  is  the  expression  of  a  degenerative  process  in  the 
medulla,  similar  to  that  which,  in  the  spinal  cord,  causes  the  affection  of  the 
limbs.  It  may  come  on  at  any  stage  of  the  disease,  may  precede  the  spinal 
symptoms,  or  only  come  on  when  these  have  attained  a  considerable  degree. 
In  characters,  the  bulbar  palsy  may  resemble  perfectly  that  which  occurs 
in  isolated  form  and  will  be  described  among  the  diseases  of  the  brain. 
Frequently,  however,  there  is  but  little  paralysis  of  the  tongue,  even  when 
swallowing  and  articulation  are  much  impaired.  There  may  also  be  slight 
interference  with  articulation  when  there  is  no  marked  bulbar  palsy.  A 
minor  complication  is  the  neuralgic  pain,  which,  as  already  stated,  is  some- 
times troublesome  in  the  early  stage  of  cases  that  are  due  to  cold.  In  several 
patients  I  have  known  headache  to  be  frequent  and  severe  throughout  the 
course  of  the  disease. 

Course. — The  malady,  in  most  cases,  is  steadily  progressive,  as  its  name 
implies,  but  in  the  rate  of  its  progress  it  varies  in  different  cases,  and  in  the 
same  case  at  different  periods.  It  may,  moreover,  become  stationary  at  any 
period  in  its  course,  and  when  once  actually  arrested,  it  does  not  usually 
again  become  active.  Unfortunately,  the  tendency  to  cessation  is  greatest 
in  the  later  stages  of  the  disease,  when  there  is  little  except  life  to  be  pre- 
served. Sometimes  progress  ceases  at  an  earlier  stage,  and  chiefly,  I  think, 
in  those  cases  in  which  the  atrophy  is  strictly  symmetrical,  and  develops 
simultaneously,  or  almost  simultaneously,  on  the  two  sides.  Thus  I  have 
met  with  several  cases  in  which  there  was  symmetrical  wasting  in  the  two 
hands,  or  in  certain  muscles  of  the  two  forearms  or  of  the  two  upper  arms, 
and  in  which  the  atrophy,  after  attaining  a  considerable  degree  in  its  limited 
seat,  had  become  stationary  and  continued  so.     Occasionally  some  accessory 
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symptom  may  pass  away,  although  the  atrophy  progresses.  Thus  I  have 
known  power  over  the  sphincters,  at  first  lost,  to  be  regained  in  spite  of  the 
steady  advance  of  other  symptoms.  • 

When  the  progress  at  the  commencement  is  rapid,  it  usually  continues 
rapid,  until  the  disease  has  attained  a  wide  extent.  When  it  begins  slowly, 
it  may  continue  to  be  slow  throughout,  or  may,  after  a  time,  become  accel- 
erated. 

Although  the  disease  sometimes  commences  in  the  second  arm  very  soon 
after  its  onset,  it  more  commonly  makes  some  progress  in  its  primary  seat 
before  beginning  on  the  second  side,  and  the  interval  that  elapses  varies 
with  the  rate  of  extension.  It  often  happens  that  a  year  intervenes  between 
the  affection  of  the  two  arms,  and  I  have  known,  in  a  very  chronic  case,  the 
atrophy  to  slowly  progress  in  one  arm  for  seven  years  before  it  showed  itself 
in  the  other.  It  is  not  common  for  the  arms  to  be  reduced  to  practical 
helplessness  in  less  than  two  or  three  years,  but  the  hands  may  become  useless 
in  as  short  a  time  as  six  months,  while  in  one  case  the  wasting,  commencing 
at  the  shoulder,  had  invaded  the  whole  arm  in  the  course  of  a  month.  The 
shortest  time  in  which  I  have  known  a  patient  to  reach  the  last  stage  of  the 
disease  is  nine  months. 

With  any  rate  of  general  progress,  the  otherwise  uniform  course  of  the 
disease  may  be  broken  by  the  occurrence  of  almost  sudden  palsy  in  a  certain 
group  of  muscles.  Considerable  loss  of  power,  it  may  be  absolute  paralysis, 
comes  on  in  a  few  days,  or  even  in  a  few  hours.  It  may  occur  at  the  onset 
of  the  affection.  The  extensors  of  the  wrist  and  fingers  are  the  muscles  most 
commonly  thus  affected.  The  weakness  is  usually  followed  by  a  well-marked 
degenerative  reaction  in  the  muscles.  In  one  case,  which  began  by  such 
subacute  paralysis  of  the  extensor  muscles,  first  in  one  arm  and  then  in 
the  other,  the  initial  condition  closely  resembled  the  paralysis  from  lead 
poisoning.  This  cause  was,  however,  excluded,  and  soon  the  muscles  of  the 
shoulder  and  back  presented  commencing  slow  progressive  atrophy.  In 
another  case  the  quick  loss  of  power  was  confined  to  the  extensors  in  one 
arm,  which  were  already  weak  and  slightly  wasted,  most  of  the  other  muscles 
of  the  upper  limbs  having  been  long  atrophied.  When  there  is  weakness  of 
the  legs,  without  wasting,  the  onset  of  this  may  coincide  with  the  atrophy 
of  the  arms,  or  may  succeed  it  at  any  interval.  In  one  case  five  years  elapsed, 
after  the  arms  began  to  waste,  before  the  legs  became  weak.  It  is  very  rare 
for  the  paraplegic  weakness  to  occur  first. 

The  chief  danger  to  life  is  from  pulmonary  maladies,  rendered  grave  from 
the  weakness  of  the  muscles  of  respiration.  The  common  complication  of 
bulbar  paralysis  is  another  frequent  cause  of  death,  either  by  the  interference 
with  swallowing  and  nutrition  or  by  the  laryngeal  paralysis.  Less  commonly 
death  results  from  bedsores  and  septicaemia,  or  from  intercurrent  maladies. 

Pathological  Anatomy. — The  wasting  of  the  muscles  is  as  evident  after 
death  as  during  life.  They  are  reduced  in  size  and  pale  in  color.  Some- 
times there  is  little  in  the  tint  of  what  remains  to  suggest  muscular  tissue. 
Parts  of  a  muscle  may  be  hardly  distinguishable  from  adjacent  fat.     On  the 
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other  hand  the  bulk  of  the  muscle  may  be  dark,  and  pale  streaks  in  it  may 
mark  the  position  of  local  degeneration.  Under  the  microscope  the  fibres, 
present  various  changes,  and  of  these  four  are  well  defined,  (i)  There  may 
be  simple  narrowing  of  the  fibres,  without  any  considerable  change  in  their 
striation  (Fig.  129),  although  the  strise  often  seem  to  be  further  apart  than 
normal,  and  sometimes  the  fibrillary  segmentation  is  unusually  distinct.  (2) 
Simple  fatty  degeneration,  in  which  the  transverse  striation  gives  place  to  a 
granular  appearance  (Fig.  130),  the  granules  become  larger  and  fewer  (Fig. 
129),  until  ultimately  distinct  globules  are  scattered  through  the  sheath. 


Figs,  129, 131. 


Figs.  130, 132. 
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FIBRES   OF  WASTED   MUSCLES   IN   PROGRESSIVE  MUSCULAR   ATROPHY. 

Fig,  i2Q. — Narrowed  fibres  with  nearly  normal  striation :  others  clear,  containing  a  few  fat 
globules,  and  a  few  faint  transverse  stria?,  and  some  longitudinal  striation :  large  globules  of 
Tat  lie  in  the  interstitial  tissue  in  front  of  one  narrowed  filjre. 

Fig.  130. — Granular  degeneration:  a  fibre  with  normal  transverse  striation  presents  also  indi- 
cations of  longitudinal  striation.     Increase  of  nuclei  of  interstitial  tissue. 

Fig.  131. — Two  norma]  fibres  and  one  presenting  the  clear  homogeneous  aspect  with  a  few  fat 
globules  and  some  faint  striation. 

Fig.  132. — Several  fibres  similar  to  that  of  the  last  figure,  with  globules  of  fat  between  them. 
On  the  right  is  a  fibre  which  has  undergone  complete  longitudinal  striation,  the  normal  striae 
having  disappeared,  so  that  it  resembles  the  adjacent  interstitial  fibrous  tissue.  Other  fibres 
in  the  same  musc.'e  were  in  intermediate  stages  of  degeneration,  some  transverse  striation 
coexisting  with  the  longitudinal  stiiation. 

Where  the  muscle  resembles  fatty  tissue  to  the  naked  eye,  the  microscope 
may  show  only  sarcolemma  sheaths  containing  groups  of  globules.  (3) 
Muscular  fibres  are  seen  in  which  the  sheath  contains  only  a  clear  material 
enclosing  a  few  fatty  globules,  and  a  few  transverse  striae,  faint,  as  if  fading 
away.  It  is  probable  that  this  is  not  the  result  of  fatty  degeneration  but  of 
a  different  process,  which  has  been  termed  "vitreous  degeneration, M — a  sort 
of  dissolution  of  the  striae,  indicated  by  the  appearance  of  such  fibres  as  are 
shown  in  Figs.  129,  131,  132.     (4)  A  longitudinal  striation  develops  in  the 
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fibre,  and  at  first  coexists  with  the  transverse  striation,  but  ultimately  the 
latter  becomes  indistinct,  and  the  fibre  looks  like  a  fasciculus  of  longitudinal 
connective-tissue  fibres  (Fig.  132).  Sometimes,  with  the  longitudinal  stria- 
tion, the  fibre  presents  a  transverse  striation  very  much  finer  than  normal, 
the  strise  being  narrower  and  nearer  together  as  if  from  a  division  of  the 
"sarcous  elements."  This  change  may  sometimes  be  seen  alone,  and  may 
be  present  in  only  one  part  of  a  fasciculus.  Thus  at  one  place  the  number 
of  striae  in  j^Vst  inch  was  only  seven,  while  in  another  region  of  the  same 
fasciculus  seventeen  were  to  be  counted  in  the  same  space.  A  tendency  to 
transverse  Assuring  has  also  been  described,  but  this  is  probably  artificial. 
Fatty  globules  accumulate  between  the  fibres  (Fig.  132),  accompanied  in 
some  cases  with  granules  and  masses  of  reddish-brown  pigment.  There  is 
often  also  an  increase  of  the  nuclei  (Fig.  130)  and  sometimes  of  the  fibres 
of  the  interstitial  tissue.  Two  or  three  rows  of  nuclei  may  lie  between  the 
fibres.  The  capillaries  may  be  dilated  and  distended.  It  is  very  common 
to  see  muscular  fibres  that  are  much  altered  side  by  side  with  others  that 
present  a  nearly  normal  appearance.  Ultimately  the  sheaths  become  empty, 
and  shrink,  and  may  be  scarcely  distinguishable  from  the  interstitial  fibrous 
tissue. 

The  peripheral  nerves  contain  many  degenerated  nerve  fibres,  and  the 
terminal  branches  for  the  muscles  a  still  larger  number.  If  the  nerves  are 
traced  up  to  the  cord  it  is  found  that  the  degenerated  fibres  come  only  from 
the  anterior  roots.  These  are  conspicuously  changed  to  the  naked  eye, 
small  and  gray.  They  may  resemble  fine  threads  of  connective  tissue,  and 
under  the  microscope  no  nerve  fibres  may  be  found  in  them,  or  only  a  few 
may  remain  of  normal  aspect,  the  rest  being  in  various  stages  of  degener- 
ation or  represented  only  by  their  empty  sheaths.  The  degree  of  affection 
of  the  anterior  roots  corresponds  to  the  wasting  in  the  parts  supplied  by 
them.     The  posterior  roots  are  normal. 

The  spinal  cord  is  often  softer  than  natural  at  the  affected  part,  and  the 
white  substance  of  the  lateral  columns  may  be  conspicuously  translucent 
in  aspect,  especially  in  the  cervical  enlargement.  Under  the  microscope 
morbid  changes  are  seen  in  the  anterior  cornua,  and  also,  in  most  cases, 
perhaps  in  all,  in  the  antero-lateral  white  columns.  The  change  in  the 
anterior  cornua  corresponds  in  its  intensity  to  the  origin  of  the  nerves  to  the 
most  affected  parts,  and  since  the  latter  are  usually  the  arms,  the  disease  is 
generally  most  intense  in  the  cervical  enlargement.  In  stained  sections  the. 
gray  matter  of  the  horn  is  less  deeply  tinted  than  normal,  but  in  some  parts 
it  may  stain  more  deeply,  especially  in  the  circumference  of  the  cornu  and 
the  processes  of  gray  matter  which  project  into  the  white  column.  Occasion- 
ally larger  areas  have  a  dense  aspect  and  stain  deeply,  but  the  central  part 
of  the  cornu  is  generally  pale  and  more  translucent  than  normal.  Most  of 
the  large  nerve  cells  have  disappeared ;  many  entirely,  while  others  may  be 
represented  only  by  small  angular  bodies.  In  many  instances  not  a  single 
large  cell  can  be  seen  in  a  section  which,  in  a  normal  cord,  would  contain 
a  large  number.     Frequently,  however,  a  few  large  cells  can  still  be  seen, 
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but  most  of  these  have  lost  their  processes  and  are  more  globular  than  nor- 
mal. The  interstitial  tissue  is  also  changed.  The  nerve  fibrillse  waste  with 
the  cells,  and  there  is  an  increase  of  the  small,  angular,  and  stellate  cells 
and  other  connective-tissue  elements.  The  larger  vessels  are  dilated  and 
surrounded  by  wider  spaces  than  normal,  but  there  is  no  considerable  dis- 
tention of  the  capillaries.     The  cornu  as  a  whole  is  not  usually  changed 


Figs.  133,  134. 
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Fig.  133. — A  normal  anterior  cornu  for  comparison  with  the  next  figure. 
Fig.  134. — Progressive  muscular  atrophy;  anterior  cornu,  cervical  region. 
{From  drawings  by  Dr.  H.  R.  Spencer.) 

either  in  size  or  shape.  Similar  alterations  may  be  traced  through  the 
dorsal  region.  In  the  lumbar  enlargement,  the  gray  matter  may  be  normal, 
even  when  it  is  much  altered  in  the  cervical  region,  but  if  the  legs  are 
wasted  there  are  changes  similar  to  those  already  described.  When  the 
atrophy  begins  in  the  legs,  the  disease  may  be  more  intense  in  the  lumbar 
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than  in  the  cervical  enlargement;  but  more  often  the  degeneration  is 
slighter,  and  a  larger  number  of  normal  or  slightly  changed  cells  can  be 
seen.  Sometimes  certain  groups  of  cells  are  little  affected,  while  others  are 
much  atrophied.  The  degeneration  may  involve  to  some  extent  the  inter- 
mediate gray  matter  between  the  cornua,  but  here  it  ceases ;  the  posterior 
horn  is  always  normal. 

There  is  distinct  degeneration  of  the  anterior  root  fibres  passing  from  the 
cornu  through  the  anterior  column.  A  few  fibres  may  remain,  but  whole 
fasciculi  appear  to  be  replaced  by  fibrous  tissue.  There  is  also  degeneration 
of  the  fibres  of  the  anterior  commissure,  in  consequence  of  which  it  stains 
much  more  deeply  than  normal,  in  the  regions  in  which  the  gray  matter  is 
considerably  diseased. 

In  the  white  columns  there  is  usually  considerable  and  often  almost  com- 
plete degeneration  of  the  pyramidal  tracts,  anterior  and  lateral.*  The  area 
of  sclerosis,  resulting  from  the  degeneration  of  the  two  tracts,  varies  in 
extent  according  to  the  size  of  the  anterior  tract  and  to  the  distance  which 
it  extends  down  the  cord.  In  Fig.  136  this  is  illustrated  in  an  unusual 
manner  in  consequence  of  an  inequality  in  the  decussation  of  the  pyramids 
at  the  medulla,  fewer  fibres  of  the  left  pyramid  having  crossed  than  of  the 
right,  so  that  the  left  half  of  the  cord  contains  more  than  its  proper  share 
of  the  fibres,  and  the  anterior  tract  extends  into  the  lumbar  region  even 
further  than  does  the  lateral  tract.  Where  the  direct  cerebellar  tract  exists, 
this,  always  unaffected,  limits  the  sclerosis  of  the  lateral  tract  on  the  outer 
side.  On  the  inner  side,  the  "lateral  limiting  layer"  (see  p.  134)  is  usu- 
ally much  less  degenerated  than  the  pyramidal  tract,  and  intervenes  between 
the  latter  and  the  gray  matter,  but  this  layer  suffers  in  some  degree.  The 
sclerosis  does  not  cease  at  the  anterior  extremity  of  the  pyramidal  tract,  but 
extends  forward  in  the  "mixed  zone"  of  the  lateral  column,  lessening  in 
intensity,  and  ceasing  usually  opposite  the  outer  part  of  the  anterior  cornu. 
It  is  here  most  intense  close  to  the  gray  substance,  and  ceases  before  it 
reaches  the  surface  of  the  cord,  the  antero-lateral  ascending  tract  being  un- 
affected. It  is  probable  that  this  sclerosis  is  due  to  the  degeneration  of  the 
short  vertical  fibres  that  pass  between  adjacent  regions  of  the  anterior  cornu, 
and  which  share  the  degeneration  of  the  nerve  cells.  Occasionally  this 
sclerosis  extends,  in  slighter  degree,  into  the  anterior  columns.  The  pos- 
terior columns  are  always  free  from  definite  degeneration,  but  occasionally 
there  is  some  general  increase  of  connective  tissue  throughout  the  whole 
cord.  The  degeneration  of  the  pyramidal  tracts  is  usually  considerable  in 
degree,  and  often  most  of  their  fibres  seem  to  have  perished.  If  it  is  in- 
complete in  the  cervical  region  it  may  be  slight  in  the  lower  part  of  the 
cord,  the  degenerated  fibres  being  chiefly  those  that  end  in  the  cervical 


*  I  have  not  yet  met  with  a  single  case  of  progressive  muscular  atrophy  in  which  the 
pyramidal  tracts  were  unaffected,  and  I  am  not  aware  that  any  case  of  the  kind  has  been 
published  since  attention  was  directed  to  the  affection  of  these  tracts  by  the  researches  of 
Charcot. 
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enlargement  and  dorsal  region.  When  the  sclerosis  is  intense  it  is  not  con- 
fined to  the  cord;  it  can  be  traced  up  through  the  decussation  (Fig.  135,  b) 
and  through  the  medulla  oblongata,  in  which,  as  Figs.  135  and  136  show, 
the  whole  of  both  pyramids  may  be  degenerated,  so  that  they  stain  deeply, 
and  no  nerve  fibres  can  be  distinguished  in  them.  The  degeneration  of  the 
pyramids  has  been  found  in  several  cases  to  extend  through  the  pons  and 
crus  to  the  internal  capsule,  and  even_  through  the  white  substance  to  the 
cortex.  Above  the  capsule,  however,  the  pyramidal  fibres  are  so  mingled 
with  others  that  their  degeneration  is  no  longer  recognizable  by  the  deeper 
staining  of  a  definite  tract;  but  it  can  be  detected  by  the  presence  of 
abundant  products  of  degeneration  in  the  path  of  the  fibres.  In  the  motor 
cortex,  the  large  ganglion  cells  have  been  found  fewer  than  normal,  and 
distinctly  degenerated,  many  having  lost  their  processes,  while  in  the  inter- 
stitial tissue,  spider  cells  and  other  connective-tissue  elements  are  increased 
in  number.* 

In  cases  in  which  the  symptoms  of  bulbar  paralysis  were  present  during 
life,  the  motor  nuclei  of  the  medulla  have  presented  changes  corresponding 
to  those  of  the  gray  matter  of  the  spinal  cord,  with  a  similar  degeneration 
of  the  nerve  cells.  In  other  instances  the  degeneration  of  these  nuclei  has 
been  slight,  but  in  such  cases  the  degeneration  of  the  pyramids  has  been 
intense,  and  doubtless  involved  the  fibres  connecting  these  nuclei  with  the 
cortex  of  the  brain. 

The  sympathetic  nerves  and  ganglia,  when  examined,  have  been  found 
normal,  or  have  only  presented  such  changes  as  are  common  apart  from 
symptoms  of  disease  of  the  nervous  system. 

Fig.  131. — Progressive  muscular  atrophy;  degeneration  of  the  anterior  cornua  and  pyramidal  tracts.  A, 
medulla  oblongata,  complete  degeneration  of  the  anterior  pyramids  a  p  ;  B,  at  the  upper  part  of  the  decus- 
sation of  the  pyramids  ;  d,  the  decussation  of  the  degenerated  fibres ;  A  p,  the  pyramids,  still  incomplete. 
C,  cervical,  D.  dorsal,  E,  lumbar  sections.  The  degeneration  of  the  anterior  cornua  is  complete  in  C,  but 
in  E  a  few  cells  remain^  for  the  most  part  without  processes.  In  C  and  D  the  degeneration  of  both  an- 
terior and  lateral  pyramidal  tracts  is  conspicuous  ;  in  E  the  anterior  tract  has  ceased,  and  the  lateral  tract 
extends  up  to  the  surface  of  the  cord,  from  which  it  is  separated  in  C  and  D  by  the  undegenerated  direct 
cerebellar  tract.  In  C  and  D  the  degeneration  extends  forward  in  front  of  the  lateral  pyramidal  tract,  but 
gradually  ceases.     The  fibres  of  the  anterior  commissure  are  also  degenerated. f 

Fig.  136. — Progressive  muscular  atrophy.  A,  medulla  oblongata  ;  degeneration  of  the  anterior  pyramids  A 
P.  B,  cervical,  C,  first  dorsal,  D,  first  lumbar,  E,  mid-lumbar  sections.  The  nerve  cells  have  disappeared 
from  the  anterior  corrrua,  except  in  E,  in  which  a  few  remain.  There  is  complete  degeneration  of  the 
pyramidal  tracts,  anterior  and  lateral.  The  decussation  at  the  medulla  was  unequal  in  this  case  ;  of  the 
left  pyramid  fewer  fibres  crossed  than  of  the  right,  and  hence  the  left  anterior  pyramidal  tract  is  larger, 
while  the  right  lateral  tract  is  smaller  than  normal,  and,  moreover,  has  ceased  at  the  middle  of  the  lumbar 
enlargement,  to  which  the  left  anterior  tract  extends. J 

*  Koschewnikoff,  Archives  dt  Neurologie,  1883,  No.  18;  and  Centralblatt  /.  Nerven- 
krankheiten,  1885,  p.  409;  Marie,  Neurologisches  Centralbl.,  1884,  p.  61. 

fin  this  case  the  arms  were  greatly  wasted  and  flaccid;  the  legs  were  paralyzed,  rigid, 
with  moderate  wasting.  The  muscles  of  the  back  were  also  atrophied.  In  the  arms  the 
weakness  and  wasting  came  on  at  the  same  time,  in  the  right  arm  some  time  before  the  left. 
The  shoulder  muscles  suffered  first,  but  the  atrophy  quickly  spread,  and  was  ultimately  ex- 
treme in  the  muscles  of  the  shoulders,  forearms  and  hands.  The  disease  ran  a  rapid  course; 
death  occurred  two  years  after  the  gradual  onset. 

\  The  patient  was  a  man  forty-eight  years  of  age.  The  disease  followed  a  severe  ex- 
posure to  cold.  The  wasting  of  the  arms  was  extreme,  and  they  were  absolutely  powerless. 
The  legs  were  much  less  wasted  than  the  arms,  but  very  weak,  the  loss  of  power  being  out 
of  proportion  to  the  wasting. 
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Pathology. — The  theories  according  to  which  the  disease  was  regarded 
as  primarily  one  of  the  muscles  or  of  the  sympathetic  nerves  have  now  only 
an  historical  interest.  The  constancy  of  the  changes  in  the  ganglion  cells  of 
the  spinal  cord,  the  degeneration  of  the  motor  root  fibres,  and  the  analogous 
effects  of  acute  lesions  of  the  anterior  cornua,  leave  no  doubt  of  the  relation 
of  the  muscular  wasting  to  the  disease  of  the  gray  matter,  and  essentially  to 
that  of  the  ganglion  cells.  The  slowness  of  the  change  causes  the  impair- 
ment of  the  nutrition  of  the  muscular  fibres  to  proceed  pari  passu  with  that 
of  the  nerve  elements,  and  the  interference  with  motor  conduction  to  be 
proportioned  to  both.  We  are  thus  able 'to  understand  the  condition  of 
electrical  excitability,  and  its  slow  failure  as  nerve  and  muscle  degenerate 
together.  It  is  only  when  the  slow  degeneration  is  varied  by  a  more  acute 
process  of  destruction  of  cells  and  degeneration  of  fibres  that  the  muscular 
tissue  is  for  a  time  less  damaged  than  the  nerve  fibres,  and  presents  paraly- 
sis in  excess  of  the  wasting,  and  a  voltaic  irritability  in  excess  of  the  fara- 
daic  irritability  of  the  nerve  endings  (p.  43).  Thus  the  essential  lesion  of 
the' disease  is  a  slow  decay  of  the  lower  segment  of  the  motor  path,  the  seg- 
ment which  consists  of  the  ganglion  cells  and  their  prolongations  in  the 
axis  cylinders  of  the  nerve  fibres  (see  p.  130).  To  this  the  conspicuous 
lesion,  the  muscular  wasting,  is  secondary.  It  is  perhaps  better  thought  of 
as  a  degeneration  of  the  whole  segment  than  as  simply  a  lesion  of  the  gan- 
glion cells,  although  the  latter  being  the  element  on  which  the  nutrition  of 
the  segment  depends,  the  two  views  are  merely  different  modes  of  stating 
the  same  fact. 

But  the  disease  is  rarely  limited  to  the  lower  segment  of  the  motor  path. 
We  have  seen  that  the  pyramidal  tracts  are  commonly  degenerated,  and  it 
is  probable  that  the  degeneration  often  extends  through  their  entire  extent, 
and  involves  the  motor  cells  of  the  cortex,  as  it  has  been  proved  to  do  in 
several  cases.*  Hence  the  upper  segment  is  often  degenerated  as  well  as 
the  lower  segment.  In  the  presence  of  that  complete  degeneration  of  the 
lower  segment  which  causes  the  atonic  atrophy  of  the  muscles,  the  degenera- 
tion of  the  upper  segment  seems  to  cause  no  symptoms.  The  loss  of  power 
that  it  would  produce  is  also  caused  by  the  degeneration  of  the  lower  seg- 
ment, and  the  latter  abolishes  the  myotatic  irritability,  excess  of  which  is 
the  characteristic  indication  of  disease  of  the  upper  segment.  Hence  the 
degeneration  of  the  upper  segment  of  the  motor  path  to  the  muscles  that 
present  atonic  atrophy  cannot  be  recognized  during  life. 

What  is  the  relation  between  the  degeneration  of  the  two  segments, 
between  the  lateral  sclerosis  and  the  affection  of  the  ganglion  cells  ?  We 
cannot  assume  (as  some  have  been  inclined  to  do)  that  the  affection  of  the 
upper  segment  is  secondary  to  that  of  the  lower,  because  a  primary  lesion 
of  the  gray  matter,  such  as    occurs  in  cornual  myelitis,   does  not  cause 


*  At  the  same  time  we  have  seen  that  the  nutritional  stability  of  the  fibres  is  less  in  the 
lower  than  in  the  upper  parts,  and  that  their  isolated  degeneration  may  be  greatest  in  the 
lower  parts.     This  may  sometimes  also  be  the  case  in  progressive  muscular  atrophy. 
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any  pronounced  ascending  degeneration  of  the  related  pyramidal  fibres, 
although  they  may  undergo  slight  degeneration  in  the  course  of  many  years, 
apparently  from  disuse.  Even  a  complete  interruption  of  the  pyramidal 
tracts  is  followed  by  no  degeneration  of  their  upper  parts.  Hence  the 
intense  degeneration  met  with  in  progressive  muscular  atrophy  cannot  be 
regarded  as  secondary  and  ascending.  Neither,  when  there  is  atonic 
atrophy,  can  we  consider  the  affection  of  the  upper  segment  to  be  the  pri- 
mary lesion,  and  to  be  the  cause  of  that  in  the  lower.  In  the  early  stage 
of  such  atrophy  there  are  no  indications  of  the  degeneration  of  the  upper 
segment,  which  would  then  certainly  exist  if  such  degeneration  preceded 
that  of  the  lower  segment.  Moreover,  degeneration  of  the  upper  segment 
does  not  necessarily  cause  any  degeneration  of  the  lower.  It  is  a  matter  of 
every-day  observation  that  intense  degeneration  of  the  termination  of  the 
upper  segment  may  occur,  from  dorsal  myelitis,  for  instance,  without  any 
considerable  wasting  of  the  legs,  and  such  degeneration  has  never  been 
known  to  excite  the  complete  degeneration  of  the  lower  segment  which 
causes  atonic  atrophy.  Hence  the  only  adequate  explanation  of  the  facts 
is  that  the  degeneration  of  the  upper  and  lower  segments  is  simultaneous, 
or  if  not  simultaneous,  at  least  so  far  independent  that  neither  is  the  cause 
or  consequence  of  the  other ;  both  are  the  result  of  the  same  tendency  to 
degeneration  of  the  motor  path.  Atonic  muscular  atrophy  is  thus,  at  least 
in  many  cases,  the  visible  expression  of  a  tendency  to  decay  of  the  whole 
motor  path  from  the  cortex  of  the  brain  to  the  muscles. 

The  simple  weakness  of  the  legs,  with  excessive  myotatic  irritability  and 
spasm,  is  explained  by  the  degeneration  of  the  pyramidal  fibres  for  the  legs, 
the  lower  segment  being  unaffected.  In  such  a  case  the  nerve  cells  of  the 
lumbar  enlargement  are  normal.  When  this  condition  is  associated  with 
slight  wasting  of  the  legs,  without  considerable  change  in  electrical  irrita- 
bility, the  condition  exists  that  we  have  more  than  once  considered,  in 
which  we  must  assume  that  the  motor  nerve  cells  of  the  cord,  while  struc- 
turally intact,  undergo  slight  changes  in  nutrition.  In  this  condition  there 
are  many  nerve  cells  of  normal  appearance  in  the  gray  matter.  The 
changes  in  nutrition  are  too  slight  to  cause  changes  in  aspect,  or  if  they 
cause  such  changes  we  have  not  yet  learned  to  identify  them.  They  are 
perhaps  results  of  the  degenerative  changes  in  the  termination  of  the  upper 
segment,  but  when  such  degeneration  is  secondary  to  a  focal  lesion  of  the 
cord  or  brain,  the  changes  in  nutrition  of  the  cells  never  attain  such  a 
degree  as  to  arrest  the  myotatic  irritability,  or  to  cause  wasting  such  as 
attends  the  destruction  of  these  cells. 

In  some  cases,  however,  the  muscular  wasting  may  be  great,  although-  the 
increase  of  myotatic  irritability  persists.  In  these  cases,  as  we  have  seen, 
there  is  considerable  rigidity  of  the  muscles  throughout  the  whole  course  of 
their  wasting,  the  condition  that  we  have  termed  "tonic  atrophy."  In 
such  a  condition  it  is  common  to  find  that  many  nerve  cells  have  disap- 
peared or  are  very  small,  but  others  remain  normal  or  slightly  changed  in 
aspect.     Apparently,  in  addition  to  the  degeneration  of  the  upper  segment 
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and  to  the  nutritional  changes  just  mentioned,  we  have  then  a  considerable 
degeneration  of  many,  but  not  destruction  of  all,  the  elements  of  the  lower 
segment.  We  cannot  regard  this  as  simply  secondary  to  the  degeneration 
of  the  upper  segment,  for  the  reasons  already  given.  It  must  be  the  expres- 
sion of  a  distinct  pathological  tendency  similar  to  that  which  elsewhere 
causes  the  atonic  atrophy  and  total  wasting  but  slighter  in  extent  and  later 
in  time  ;  insufficient  to  prevent  the  less  affected  cells  from  causing  rigidity 
under  the  influence  of  the  degeneration  of  the  upper  segment.  It  is  doubt- 
ful whether  the  tonic  atrophy  ever  goes  on  to  atonic  atrophy.  Theoreti- 
cally conceivable,  it  is  certain  that  if  it  ever  occurs  it  is  extremely  rare. 
Nor  does  it  seem  that  atonic  atrophy  ever  gives  place  to  tonic  atrophy,  with 
excessive  myotatic  irritability.  The  rigidity  of  tonic  atrophy  is  due  to  the 
degeneration  of  the  upper  segment,  but  the  effect  is  not  produced  if  the 
lower  segment  is  already  the  seat  of  such  extensive  degenerative  changes  as 
abolish  myotatic  irritability.  The  pyramidal  fibres  for  the  parts  that  are 
the  seat  of  atonic  atrophy  are  constantly  found  degenerated,  although  the 
muscles  have  been  flaccid  to  the  last.  In  the  very  rare  cases  in  which  the 
muscles,  relaxed  during  the  process  of  atrophy,  become  rigid  toward  the  end 
of  the  process,  it  is  probable  that  the  rigidity  is  idiopathic,  due  to  the  changes 
in  the  muscles,  and  is  not  dependent  on  the  central  nervous  system.  It  may 
be  the  result  of  the  increase  in  the  interstitial  connective  tissue,  and  the 
longitudinal  division  and  fibrillation  by  which  the  muscular  fasciculi  come 
to  resemble  bundles  of  connective-tissue  fibres.  The  rigidity  is  always 
attended  by  great  sensitiveness  of  the  muscles.  It  is  also  possible  that  similar 
idiopathic  muscular  changes  may  ultimately,  in  tonic  atrophy,  maintain  and 
increase  the  rigidity  that  is  primarily  dependent  upon  the  spinal  cord. 

It  has  been  mentioned  that  the  cases  in  which  the  legs  present  the  simple 
palsy  and  spasm,  or  the  tonic  atrophy,  which  indicate  degeneration  of  the 
pyramidal  tracts,  have  been  separated  by  Charcot,  and  termed  "amyotrophic 
lateral  sclerosis,"  the  separation  being  based  on  the  assumption  that  in  sitch 
cases  the  primary  lesion  is  the  degeneration  of  the  pyramidal  tracts,  and  that 
the  affection  of  the  gray  matter  is  secondary  or  "deuteropathic,"  even  where 
the  atrophy  is  atonic.  We  have  seen  also  that  this  assumption  is  unwarranted 
so  far  as  the  atonic  atrophy  is  concerned.  It  is  probable  that  the  pyramidal 
tracts  are  degenerated,  if  not  constantly,  at  any  rate  in  such  a  very  large 
proportion  of  the  cases  of  progressive  muscular  atrophy  that  Charcot's  dis- 
tinction is  in  effect  giving  a  new  name  to  an  old  disease.  Whether  there 
are  indications  of  lateral  sclerosis  or  not,  depends  on  the  circumstance 
whether  the  degeneration  of  the  pyramidal  fibres  is  or  is  not  more  extensive 
than  the  complete  degeneration  of  the  nerve  cells  that  causes  atonic  atrophy. 
If  the  latter  is  universal,  the  pyramidal  tracts  may  be  totally  degenerated, 
and  yet  there  may  be  none  of  the  characteristic  indications  of  such  degen: 
eration.  On  the  other  hand,  both  arms  and  legs  may  be  the  seat  of  the 
spastic  paralysis  that  indicates  pyramidal  degeneration,  and  atonic  atrophy 
may  be  limited  to  a  few  muscles  of  the  hands.  Between  these  we  have  every 
gradation  of  degree  and  distribution  of  atonic  atrophy,  spastic  paralysis,  and 
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tonic  wasting.  Of  these  only  the  last  named  indicates  an  affection  of  the 
gray  matter  secondary,  in  point  of  time,  to  the  pyramidal  degeneration,  and 
even  then  only  in  part  secondary  in  point  of  causation.  Hence  a  division 
into  two  classes  (into  which  the  same  case  may  fall  at  different  periods)  is 
less  in  harmony  with  the  facts  of  disease,  than  is  a  recognition  of  the  varying 
extent  of  the  lesion  and  the  corresponding  variation  of  clinical  character 
and  course. 

The  process  in  the  gray  matter  has  been  regarded  by  Charcot  and  others 
as  a  chronic  inflammation.  The  occasional  rapid  increase  in  the  symptoms 
may  be  thought  to  be'  justification  for  this  view;  but  the  process  in  general 
is  at  the  degenerative  extremity  of  the  series  of  nerve  lesions.  The  principle 
involved  in  this  question  has  been  already  discussed,  and  we  have  seen  that, 
whatever  be  the  nature  of  the  primary  process,  we  must  recognize  secondary 
tissue  changes  of  independent  energy  and  that  a  distinct  process  of  inflam- 
mation may  occasionally  form  part  of  these  (see  p.  285).  The  significance 
of  the  occurrence  of  inflammation  may  therefore  easily  be  overrated,  so  far 
as  concerns  the  question  of  the  tissue  in  which  the  disease  begins. 

Diagnosis. — The  simultaneous  and  gradual  onset  of  weakness  and  wasting, 
the  slow  but  progressive  increase  and  extension  of  the  symptoms,  render 
the  diagnosis  of  the  developed  malady  simple  and  easy.  At  the  onset,  when 
only  a  single  muscle  or  group  of  muscles  is  affected,  the  question  arises 
whether  the  atrophy  is  local  or  is  the  commencement  of  a  wider  affection. 
If  there  is  no  indication  of  a  peripheral  nerve  lesion,  local  atrophy  only 
occurs  from  great  overuse  of  a  muscle,  commonly  one  of  the  small  muscles 
of  the  hand,  from  some  manual  occupation,  and  in  a  person  of  feeble  general 
strength.  If  such  cause  cannot  be  traced,  the  wasting  must  be  looked  on 
with  grave  suspicion,  and  a  careful  and  repeated  examination  will,  in  most 
cases,  soon  show  some  extension  of  the  atrophy. 

In  multiple  neuritis,  the  onset  of  the  symptoms  is  subacute,  wasting  follows 
weakness,  and  the  danger  of  confusion  is  with  subacute  myelitis  of  the  cornua, 
not  with  their  slow  degeneration.  In  pachymeningitis  of  the  cervical  region, 
with  considerable  damage  to  the  nerve  roots,  the  wasting  in  the  arms  may 
resemble  that  of  progressive  muscular  atrophy,  and  there  are  often  weakness 
and  rigidity  of  the  legs,  but  the  wasting  is  less  chronic  in  onset,  and  is  always 
accompanied  by  distinctive  sensory  symptoms, — by  more  acute  pains,  and 
by  anaesthesia,  irregular  in  distribution.  The  same  distinctions  suffice  for 
the  diagnosis  in  diseases  of  the  nerve  roots  of  the  cauda  equina,  as  by  a 
tumor.  This  may  cause  slow  wasting  in  the  legs,  but  there  is  always  severe 
pain  and  loss  of  sensibility. 

From  primary  muscular  atrophy,  "idiopathic  atrophy,"  we  may  term  i-t, 
the  diagnosis  is  sometimes  easy,  sometimes  very  difficult.  It  is  easy  in 
pseudo-hypertrophic  paralysis,  even  in  the  cases  of  this  disease  in  which  no 
muscles  are  large,  on  account  of  its  characteristic  distribution,  its  course, 
the  age  at  which  it  begins,  and  the  tendency  to  affect  many  members  of  a 
family,  and  males  more  than  females.  Whenever  several  cases  of  muscular 
atrophy  occur  in  a  family,  during  childhood  or  youth,  the  probability  is 
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great  that  they  are  idiopathic,  and  not  spinal.  But  cases  are  sometimes  met 
with  in  whicli  idiopathic  atrophy  occurs  in  adult  life  and  has  not  the  course 
or  aspect  of  the  pseudo-hypertrophic  form.  The  distinction  of  such  cases 
may  be  very  difficult.  The  only  general  rule  that  can  be  given  is  that  they 
run  a  more  chronic  course  than  the  spinal  form,  often  slowly  progressing 
during  fifteen  or  twenty  years;  that  their  distribution  is  unlike  that  of  the 
spinal  form;  that  the  affection  often  involves  the  face;  that  the  hand  muscles 
escape  in  most  cases;  and  that  such  disease  often  occurs  in  many  members 
of  the  same  family.  The  distinctions  will  be  better  understood  after  a  perusal 
of  the  account  of  these  idiopathic  atrophies. 

Prognosis. — The  progressive  character  of  the  disease  renders  the  prog- 
nosis, in  every  case,  unfavorable.  The  only  guide  is  the  observed  tendency 
of  the  disease.  As  long  as  it  is  distinctly  increasing,  and  in  proportion  to 
the  rate  of  increase,  the  prognosis  is  grave.  Although  a  hope  of  arrest  is 
justified,  such  arrest  cannot,  in  any  case,  be  actually  anticipated  until  it 
occurs,  if  the  expression  may  be  allowed.  Some  increase  of  atrophy  in  the 
parts  already  affected  is  compatible  with  an  arrest  of  extension,  the  muscular 
changes  increasing  up  to  the  extent  of  the  disease  in  the  nerve  structures. 
The  prospect  of  early  arrest  is  greatest  in  the  cases  in  which  the  wasting  is 
strictly  symmetrical  and  nearly  simultaneous  on  the  two  sides.  The  danger 
to  life  is  chiefly  proportioned  to  the  interference  with  the  muscles  of  respi- 
ration, and  to  the  indications  of  implication  of  the  medulla.  If  the  malady 
ceases  to  advance,  the  prospect  of  any  recovery  depends  on  the  rate  at  which 
the  disease  has  progressed.  Recent  rapid  loss  of  power  may  be  to  some 
extent  recovered  from,  especially  when  the  muscles  present  the  degenerative 
reaction.  Wasting  that  has  existed  for  six  months  will  probably  persist 
unchanged.  In  a  typical  chronic  case  there  is  little  hope  ©f  any  actual 
recovery  of  tissue  or  power.  The  effects  depend  on  a  slow  destruction  of 
nerve  elements  which  are  not  to  be  regenerated. 

Treatment. — The  first  important  element  is  to  secure  favorable  conditions 
of  life,  and  to  maintain  the  general  health  as  perfect  as  possible.  Fresh  air 
and  gentle  exercise  are  important,  but  all  fatiguing  exertion  should  be 
avoided,  and  likewise  all  mental  strain.  When  the  patient  becomes  helpless, 
great  care  is  necessary.  Bedsores  in  this  disease  mean  inattention  and  may 
always  be  avoided.  Drugs  often  fail  to  influence  the  malady;  those  that 
occasionally  seem  to  do  some  good  are  the  agents  that  are  most  frequently 
useful  in  other  degenerative  diseases  of  the  spinal  cord.  They  have  been 
described  in  the  account  of  the  treatment  of  locomotor  ataxy.  Among  them 
arsenic  and  strychnine  are  certainly  most  useful.  Strychnia  injected  beneath 
the  skin  has  certainly  more  influence  over  the  disease  than  when  given  by 
the  mouth.  I  have  known,  more  than  once,  the  progress  of  the  disease  to 
cease  under  the  influence  of  injections,  although  strychnia  had  been  given 
by  the  mouth  without  effect.  The  nitrate  of  strychnia  is  the  best  salt  for 
hypodermic  use,  and  the  injection  may  be  made  once  a  day,  beginning 
with  -fa  and  gradually  increasing  to  -fo.  The  dose  should  not  be  increased 
beyond  this.     The  locality  is  unimportant.     It  is  possible  that,  since  the 
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agent  enters  the  blood  far  more  rapidly  when  injected  beneath  the  skin  than 
when  absorbed  from  the  stomach,  the  momentum  of  its  effect  on  the  nutrition 
of  the  nerve  elements  may  be  greater. 

Local  treatment  of  the  muscles  has  very  little  influence  on  the  malady,  as 
may,  indeed,  be  expected  from  its  nature.  The  most  sedulous  and  skillful 
use  of  electricity,  voltaic  or  faradaic,  fails,  as  a  rule,  to  produce  any  effect  on 
the  course  of  the  disease.  If  the  malady  is  progressing  at  the  same  rate  in 
each  arm,  and  the  muscles  of  one  arm  are  regularly  treated  with  electricity, 
and  those  in  the  other  arm  are  left  alone,  no  difference  can  be  detected  in 
the  rate  of  wasting  on  the  two  sides.  It  is  possible,  nevertheless,  that  elec- 
tricity sometimes  does  a  little  good.  In  cases  in  which  a  rapid  loss  of  power 
has  occurred,  and  weakness  is  out  of  proportion  to  the  wasting,  some  recovery 
is  possible,  and  there  is  no  doubt  that  the  excitability  of  the  muscular  tissue 
is  maintained  for  a  longer  time  by  galvanism,  although  the  bulk  of  the  muscle 
may  not  be  influenced.  In  other  cases  all  that  can  be  said  is  that  the  influ- 
ence of  electricity,  properly  applied,  is  in  the  right  direction.  Moreover, 
the  disease  is  one  of  those  in  which  patients  find  it  hard  to  believe  that 
electricity  cannot  help  them,  and  the  probability  is  that  their  conviction  will 
be  fostered  by  some  medical  adviser.  It  is  one  of  the  diseases  in  which 
unjustifiable  assertions  are  too  often  made  that  early  electrical  treatment 
would  have  been  successful.  It  is  often  well,  therefore,  if  only  to  satisfy  the 
patient  that  nothing  has  been  left  untried,  that  a  careful  course  of  electrical 
treatment  should  be  adopted.  Faradaism  may  be  used,  if  the  muscles  are 
sensitive  to  it,  but  if  they  present  any  greater  irritability  to  voltaism,  it  is 
better  to  use  this.  It  is  immaterial  whether  the  application  is  confined  to 
the  muscles  or  whether  one  electrode  is  placed  over  the  affected  part  of  the 
spinal  cord.  The  latter  method  has  no  disadvantages,  but  my  own  obser- 
vations have  failed  to  confirm  the  confident  statements  sometimes  made 
regarding  its  superiority.  It  is  very  important  that  the  current  strength 
employed  should  be  moderate.  Strong  applications  often  cause  much  sub- 
sequent pain,  and  even  increased  disability,  and  should  be  carefully  avoided. 
I  have  known  a  rapid  increase  of  weakness  follow  a  strong  application,  in  a 
way  that  convinced  the  patient  at  least  that  the  two  were  connected. 

Rubbing  and  massage  of  the  muscles  have  been  frequently  employed,  and 
of  this  treatment  also  it  may  be  said  that  its  influence  is  in  the  right  direction, 
although  usually  inappreciable  so  far  as  the  muscular  atrophy  is  concerned. 
Combined  with  passive  movement,  the  influence  of  rubbing  in  preventing 
and  diminishing  deformities  is  more  distinct.  No  special  bath  treatment  is 
of  service.  When  the  disease  occurs  in  the  subjects  of  syphilis,  specific 
treatment  invariably  fails,  and  I  have  even  known  the  progress  of  the  disease 
to  be  distinctly  accelerated  by  an  energetic  course  of  such  treatment  by 
iodide  and  by  mercury.  It  is  important  that  all  treatment  should  be  pursued 
in  moderation  and  that  its  effects  should  be  carefully  watched.  The  disease 
is  one  in  which  it  is  not  easy  to  do  good  and  not  difficult  to  do  harm. 
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Inflammation  of  a  joint  is  almost  invariably  attended  with  rapid  wasting 
of  the  muscles  that  move  the  joint.  This  occurs  equally  whatever  be  the 
cause  of  the  inflammation,  whether  this  is  spontaneous  or  traumatic.  It 
attends  chronic  as  well  as  acute  inflammations,  and  occurs  in  animals  if 
joint  inflammation  is  produced  in  them.* 

The  muscles  that  waste  are  chiefly  those  which  extend  the  affected  joint. 
The  atrophy  is  well  seen  in  the  muscles  in  front  of  the  thigh,  when  the  knee 
is  inflamed.  If  the  ankle  is  affected,  the  calf  muscles  chiefly  waste;  if  the 
hip,  the  glutei;  if  the  wrist,  the  extensor  muscles  of  the  forearm;  the  triceps 
when  the  elbow'is  affected;  the  deltoid  when  the  shoulder  joint  is  inflamed. 
In  rheumatoid  arthritis  of  the  finger  joints,  such  wasting  is  usually  very 
conspicuous  in  the  interossei,  and  especially  in  the  abductor  indicis.  The 
wasting,  however,  sometimes  involves  the  flexors  as  well  as  the  extensors, 
and  rarely  muscles  of  the  limb  that  are  near  but  do  not  move  the  affected 
joint.  In  very  rare  cases  all  the  muscles  of  a  limb  have  presented  some 
wasting.  Cases  in  which  the  atrophy  is  unusual  in  distribution,  and  especially 
when  it  is  on  the  distal  side  of  the  affected  joint,  must  be  regarded  with  some 
suspicion,  because  inflammation  sometimes  spreads  from  a  joint  to  a  nerve, 
and  distant  wasting  may  be  thus  produced.  It  is  said  that  there  is  some- 
times, at  the  onset,  a  considerable  weakening  of  the  muscle,  interfering  with 
movement  more  than  can  be  accounted  for  by  the  pain  in  the  joint  which 
movement  causes,  and  that  such  initial  palsy  is  transient  (Valtat,  Duchenne). 
But  the  pain,  by  its  inhibitory  influence,  usually  obscures  such  palsy,  which 
is  indeed  confessedly  rare. 

The  atrophy,  on  the  other  hand,  may  be  regarded  as  almost  constant.  If 
the  onset  of  the  joint  affection  is  acute  the  wasting  occurs  with  rapidity. 
In  a  day  or  two  the  muscles  may  be  flabby,  and  in  a  week  or  ten  days  a 
difference  in  the  circumference  of  the  limb  may  be  detected  by  measurement. 
However  long  the  affected  muscle  may  be,  the  wasting  involves  the  whole 
length  of  it.  It  is  not  limited  to  the  part  in  the  neighborhood  of  the  diseased 
joint,  but  involves  the  upper  part  of  the  muscle  in  the  same  degree  as  the 
lower  part.  The  degree  attained  varies  much  in  different  casts.  Usually 
moderate,  and  sometimes  slight,  it  is  occasionally  considerable,  so  that  the 
femur,  for  instance,  may  be  readily  felt  when  the  quadriceps  femoris  is  the 
seat  of  the  wasting,  or  the  head  of  the  humerus  may  be  distinct,  and  acromion 
prominent,  if  the  deltoid  is  affected.  Although  the  whole  length  of  the 
affected  muscle  is  always  involved,  if  the  muscle  is  a  wide  and  compound 
one,  some  parts  may  suffer  chiefly.  Thus  in  the  thigh  all  parts  of  the  extensor 
may  waste  equally,  or  the  rectus  or  vastus  internus  may  suffer  more  than  the 
other  parts.     The  wasting  increases  during  two  or  three  weeks,  then  becomes 

*  Valtat,  Archives  Gbnirales,  1877,  tome  30,  pp.  159  and  321.     The  subject  has  been, 
discussed  by  Vulpian  ("Lecons  sur  l'App.  Vaso-rnoteur,"  1075,  t.  ii),  and  by  Paget  {Lancet,. 
1873,  vol.  ii,  p.  727,  in  a  lecture  republished  in  "Clinical  Lectures  and  Essays,"  1875,  p 
208). 
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stationary,  and  continues  as  long  as  the  joint  disease  lasts.  Whea  the  joint 
has  recovered,  the  muscles  in  most  cases  slowly  regain  their  normal  size. 
Occasionally,  especially  when  the  arthritis  has  lasted  a  long  time,  the  wasting 
may  continue  for  months  or  years  after  the  joint  disease  is  at  an  end. 

The  electrical  irritability  of  the  atrophied  muscles  may  be  normal,  but  is 
often  slightly  lessened,  equally  to  faradaism  and  voltaism.  The  change  is 
trifling,  to  be  recognized  only  by  comparison  with  the  other  side.  I  have 
found  that  this  arthritic  atrophy  is  generally  accompanied  by  a  distinct,  and 
sometimes  a  considerable,  increase  in  myotatic  irritability.  The  knee  jerk 
is  excessive,  if  the  thigh  muscles  are  affected,  and  a  rectus  clonus  can  some- 
times be  obtained.  A  foot  clonus  may  be  elicited  when  the  ankle  joint  is 
affected.  Occasionally  the  increased  irritability  extends  beyond  the  region 
of  atrophy,  so  -that,  for  instance,  a  foot  clonus  may  be  obtained  when  the 
knee  joint  and  thigh  muscles  are  affected,  although  there  is  no  wasting  below 
the  knee.  As  an  example  of  this,  which  illustrates  also  the  occasional  per- 
sistence of  the  atrophy,  may  be  mentioned  the  case  of  a  young'  man  who 
•  jumped  over  a  hoarding  and  twisted  his  left  leg  in  doing  so.  He  felt  imme- 
diately severe  pain  in  the  knee,  the  joint  quickly  swelled,  and  became  the 
seat  of  an  acute  inflammation  which  lasted  for  several  weeks,  and  then  slowly 
subsided.  During  the  inflammation,  the  thigh  wasted.  I  saw  him  two  years 
after  the  onset,  and  there  was  still  considerable  wasting,  involving  the  whole 
of  the  extensor  of  the  knee.  The  minimum  circumference  of  the  left  thigh 
above  the  knee  was  three-quarters  of  an  inch  less  than  that  of  the  right, 
although  there  was  no  difference  between  the  two  legs  below  the  knee.  There 
was  a  slight  diminution  in  faradaic  and  voltaic  irritability  in  the  affected 
muscles.  The  knee  jerk  was  much  more  considerable  on  the  left  than  on 
the  right  side,  and  was  obtained  from  above,  and  there  was  a  well-marked 
foot  clonus  in  the  left  leg,  but  none  in  the  right.  He  complained  that  the 
leg  became  tired  sooner  than  the  other.  A  year  and  a  half  later  the  difference 
between  the  two  thighs  was  still  the  same,  and  the  other  symptoms  were 
unchanged.  In  some  cases  there  is  slight  rigidity  of  the  affected  muscle; 
we  have  seen  that  rigidity  is  often  associated  with  an  increase  of  myotatic 
irritability.  Very  rarely  some  contracture  occurs  in  the  opponents  of  the 
atrophied  muscles,  but  it  is  uncertain  how  far  the  atrophy  contributes  to  this. 
Thus  a  child,  aged  eight,  had  an  attack  of  rheumatic  fever  succeeding  chorea ; 
the  inflammation  in  the  knee  joints  was  prolonged,  and  was  accompanied 
by  marked  arthritic  wasting  in  the  thighs.  During  the  confinement  to 
bed  the  flexors  of  the  knees  became  contracted.  There  was  only  a  slight 
diminution  in  the  electrical  irritability  of  the  muscles,  and  no  distinct 
paralysis.  Sensory  symptoms  are,  as  a  rule,  absent.  I  have  occasionally 
known  slight  tingling  in  the  skin  to  be  complained  of,  and  in  one  case  this 
symptom  was  persistent.  It  is  said  that  areas  of  anaesthesia  sometimes 
develop,  but  it  is  probable  that,  in  such  cases,  inflammation  has  extended  to 
a  nerve  in  the  vicinity  of  the  joint. 

Pathology. — We  have  no  facts  regarding  the  morbid  changes  that  occur 
in  man.     In  animals  Valtat  found  the  muscles  paler  than  normal,  with  simple 
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narrowing  of  the  fibres,  but  without  interstitial  changes,  and  no  abnormal 
appearance  could  be  detected  in  the  nerves  or  the  spinal  cord.  Thus  patho- 
logical anatomy  throws  no  light  on  the  mechanism  by  which  the  wasting  is 
produced.  The  only  constant  condition,  in  these  cases,  that  can  be  regarded 
as  the  cause  of  the  wasting,  is  the  simple  fact  of  the  joint  disease.  The 
atrophy  seems  to  be  especially  rapid  when  there  is  much  pain  in  the  joint, 
and  Paget  has  observed  similar  wasting  when  there  has  been  neuralgic  joint 
pain  without  inflammation.  But  such  pain  is  not  always  attended  by  wasting, 
and  the  latter  may  attend  arthritis  that  is  not  painful.  Disuse  will  not  explain 
the  atrophy;  first,  because  its  influence  in  causing  wasting  is  trifling  and 
tardy;  and,  secondly,  because  other  muscles  of  a  limb,  equally  disused, 
present  no  wasting.  Nor  can  the  effect  be  due  to  any  local  inflammation 
of  the  muscles,  passing  to  them  from  the  inflamed  joint.  Such  a  cause  is 
excluded  by  the  fact  that  the  whole  length  of  a  muscle  suffers  equally ;  the 
part  at  a  distance  from  the  joint  wastes  as  much  as  the  part  near  the  joint, 
and  moreover,  when  such  wasting  occurs  in  animals,  from  traumatic  arthritis, 
no  signs  of  inflammation  can  be  found  either  by  simple  or  microscopical 
examination.  We  are,  therefore,  reduced  to  the  assumption  that  the  wasting 
is  produced,  in  some  way,  through  the  nervous  system.  "  A  reflex  atrophy, 
due  to  the  disturbance  of  some  nutritive  nervous  centre,  irritated  by  the 
painful  state  of  the  sensitive  nerve  fibres,"  is  the  pathology  suggested  by 
Paget.  A  similar  explanation  has  been  given '  by  Vulpian,  who  surmised 
that  the  wasting  may  be  due  to  alterations  in  the  nutrition  of  the  ganglion 
cells  of  the  cord.  A  theory  of  this  character  seems  the  only  tenable  one. 
It  is,  however,  an  interesting  fact  that  the  wasting  is  accompanied  by  an 
increase  in  the  myotatic  irritability.  We  have,  in  fact,  the  condition  that 
often  results  from  slight  degeneration  of  the  pyramidal  tracts,  and  must  be 
immediately  due  to  the  changes  in  the  termination  of  the  pyramidal  fibres 
in  the  gray  matter — increased  myotatic  irritability,  with  slight  wasting,  and 
merely  a  slight  diminution  in  the  electrical  irritability,  similar  to  each  current. 
It  is  possible,  therefore,  that  this  terminal  structure  participates  in  the 
nutritional  changes.  This  view  is  favored  by  two  other  facts,  first,  that  the 
increased  myotatic  irritability  may  continue  for  years,  and  secondly,  that  a 
primary  joint  inflammation  has  been  known,  in  rare  cases,  to  cause  persistefln 
symptoms  of  impaired  function  of  the  pyramidal  fibres — presumably  the 
result  of  changes  in  the  nutrition  of  their  terminations — without  muscular 
wasting  (see  p.  326).  Since  the  sensory  influence  must  be  exerted  through 
the  sensory  cells  of  the  cord,  we  can  understand  the  occasional  occurrence 
of  such  subjective  sensations  as  the  tingling  above  mentioned. 

Diagnosis. — The  chief  difficulty  in  the  diagnosis  of  the  condition  arises 
from  ignorance  of  the  occurrence  of  this  form  of  wasting.  Its  nature  is 
usually  recognized  at  once,  if  its  existence  is  known,  because  the  primary 
character  of  the  arthritis  which  produces  it  is  sufficiently  obvious.  In  cases 
in  which  a  joint  inflammation  results  from  a  primary  disease  of  the  nervous 
system,  which  also  causes  wasting  of  the  muscles,  a  mistake  is  conceivable, 
but  it  is  unlikely,  because  such  arthritis  results  only  from  lesions  of  the 
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nervous  system  that  are  considerable  in  degree,  and  their  existence  is  then 
sufficiently  obtrusive.  In  some  cases  of  neuritis  in  the  arm,  secondary 
arthritis  may  occur  in  the  small  joints  of  the  hand,  with  wasting  of  their 
muscles,  and  the  ultimate  condition  may  very  closely  resemble,  in  aspect, 
that  which  we  are  now  considering,  but  other  indications  of  a  serious  lesion 
of  the  nerves,  such  as  anaesthesia  and  paralysis,  either  are  or  have  been 
present,  and  indicate  the  nature  of  the  case. 

Prognosis. — When  the  inflammation  of  the  joint  is  brief  in  duration, 
recovery  of  the  muscles  may  be  anticipated  with  confidence.  In  children, 
even  after  prolonged  joint  disease,  the  muscles  usually  regain  their  normal 
bulk.  In  adults  the  wasting  often  lasts  for  a  long  time  after  the  joint  is  well, 
and  a  cautious  prognosis  should  be  given,  if  the  arthritis  has  lasted  long. 
Even  if  slight  wasting  is  persistent,  normal  power  is  usually  recovered,  but, 
as  the  case  mentioned  above  shows,  the  symptoms  sometimes  continue  for 
years. 

Treatment. — The  chief  treatment  is  local ;  electrical  stimulation  of  the 
muscles,  and  gentle  rubbing.  It  is  doubtful  whether  drugs  have  any  influ- 
ence on  the  condition.  As  long  as  the  joint  is  inflamed,  treatment  rarely 
causes  any  increase  in  the  bulk  of  the  muscle.  When  the  arthritis  has  ended, 
the  muscles  usually  recover  slowly  without  assistance,  but  it  is  probable  that 
the  local  treatment  accelerates  the  process.  The  form  of  electricity  is  of 
little  consequence ;  either  faradaism  or  voltaisin  may  be  employed,  but  should 
only  be  used  in  sufficient  strength  to  cause  gentle  contraction  of  the  muscles. 
Painful  stimulation  of  the  sensory  nerves  should  be  avoided. 

MUSCULAR  ATROPHY  FROM  OVER-USE. 
Muscles  that  are  much  used  sometimes  waste.  The  effect  is  seen  most 
frequently  in  the  small  muscles  of  the  hand,  in  persons  of  weakly  constitution, 
who  use  these  muscles  unduly.  Thus  a  young  lady  devoted  many  hours  a 
day  to  "illuminating,"  during  several  years,  and  then  some  muscles  of  the' 
thenar  eminence  began  to  waste,  and  became  considerably  atrophied.  Such 
wasting  is  scarcely  ever  met  with  in  the  larger  muscles,  but  has  been  observed 
in  the  biceps,  consecutive  to  hypertrophy,  in  Sheffield  smiths  (Frank-Smith). 
The  electric  irritability  is  gradually  lowered  in  this  local  wasting,  equally  to 
both  currents,  as  it  is  in  progressive  muscular  atrophy.  We  do  not  know 
whether  this  wasting  from  over-use  is  purely  local  or  whether  the  related 
ganglion  cells  of  the  spinal  cord  fail  first,  and  the  muscular  wasting  is 
secondary  to  their  atrophy.  As  Gull  said  many  years  ago,  "It  is  as  reason- 
able to  infer  a  lesion  of  the  gray  matter  from  over-work  as  of  the  muscles."  * 
The  wasting  often  persists  when  the  over-use  of  the  muscles  is  discontinued. 
Hypertrophy  from  over-use  does  not  usually  give  place  to  atrophy.  These 
two  facts  are  somewhat  in  favor  of  the  view  that  the  lesion  is  primarily  of 
the  nerve  cells.  The  wasting  in  these  cases  shows  no  tendency  to  extension 
beyond  its  original  limits.     The  treatment  is,  first,  the  cessation  from  the 


*  Guy's  Hosp.  Reports,  1862,  p.  246. 
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excessive  exertion  of  the  muscles;  secondly,  the  improvement  of  the  general 
health,  and  the  administration  of  nerve  tonics,  especially  of  strychnine ;  and 
thirdly,  the  gentle  electrical  stimulation  of  the  muscles  by  either  faradaism 
or  voltaism. 


IDIOPATHIC   MUSCULAR   ATROPHY. 
MYOPATHIC  ATROPHY;   MUSCULAR   DYSTROPHY. 

Idiopathic  atrophy,  which  is  primarily  muscular  and  does  not  depend  on 
disease  of  the  central  nervous  system,  may  be  conveniently  considered  in 
this  place.  It  does  not  indeed  come  within  the  class  of  diseases  that  are 
the  subject  of  this  book,  but  it  is  one  of  those  maladies  in  which  clinical 
resemblance  may  conveniently  be  allowed  to  supersede  the  rules  of  patho- 
logical classification. 

The  chief  form  of  idiopathic  muscular  atrophy  is  that  known  as  "pseudo- 
hypertrophic paralysis."  Other  cases  occur  which  resemble  more  closely  in 
their  aspect  the  spinal  form,  and  differ  in  some  particulars  from  the  pseudo- 
hypertrophic disease,  with  which,  however,  they  have  some  characters  in 
common. 

PSEUDO-HYPERTROPHIC    MUSCULAR    PARALYSIS   (MUSCULAR    PSEUDO- 
HYPERTROPHY;   LIPOMATOUS   MUSCULAR   ATROPHY,   ETC.). 

The  affection  thus  designated  is  a  disease  which  chiefly  manifests  itself 
during  the  later  developmental  period  of  childhood,  and  clearly  depends  on 
a  morbid  developmental  tendency  which  is  often  present  in  several  members 
of  the  same  family.  It  is  thus  a  congenital  disease  in  its  origin  and  nature, 
although  not  congenital  in  its  manifestation.  It  is  characterized  by  a  pro- 
gressive change  in  the  size,  and  diminution  in  the  power,  of  many  muscles. 
They  may  be  larger  than  normal,  or  smaller,  or  may  be  at  first  large  and 
then  small,  and  they  may  be  harder  than  normal.  The  alterations  in  size 
and  consistence  depend  on  an  abnormal  growth  of  interstitial  connective 
tissue,  in  which  fat  is  often  deposited,  and  before  which  the  muscular  fibres 
waste.  The  progressive  weakness  cripples  the  patient,  and  interferes  with 
breathing  power,  until  chronic  lung  disease  or  some  intercurrent  malady 
ends  life. 

Isolated  cases,  which  can  now  be  recognized  as  examples  of  this  disease, 
were  recorded  in  England  in  1830  (Sir  Charles  Bell)  and  in  1847  (Partridge) 
and  in  Italy  in  1838,  but  the  first  series  of  cases  were  described  by  Meryon 
in  1852,  and  Oppenheim  in  1855.  These  observers  failed,  however,  to 
distinguish  the  disease  from  the  common  form  of  progressive  muscular 
atrophy,  partly  because  enlargement  of  muscles  was  not  so  obtrusive  a  feature 
of  these  cases  as  it  was  in  some  others  which  soon  afterward  came  under  the 
keen  eye  of  Duchenne.  This  acute  observer  was  then  exploring  the  field  of 
muscular  paralysis  with  the  aid  of  ' '  localized  electrization. ' '  He  recognized 
at  once  the  novel  features  of  the  disease,  and  published,  in  1861,  an  admirable 
account  of  it,  giving  to  it  the  name  of  "  pseudo-hypertrophic   muscular 
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paralysis,"  which,  in  spite  of  its  clumsiness,  expressed  the  salient  features  of 
the  malady  sufficiently  well  to  have  since  held  its  own  against  many  other 
designations  that  have  been  suggested  by  more  exact  knowledge  of  the 
pathological  changes. 

Etiology. — Our  knowledge  of  the  causes  of  the  disease  is  limited  to  a  few 
general  facts.  Males  furnish  the  majority  of  the  cases,  but  the  actual  degree  of 
preponderance  is  not  yet  certain.  Published  cases  show  a  proportion  of  seven 
to  one,  but  of  forty-three  cases  that  have  come,  directly  or  indirectly,  under 
my  own  notice,  thirty-three  were  males  and  ten  females.  This  discrepancy 
is  perhaps  due  to  the  fact  that  the  slighter  liability  of  females  influences  the 
character  of  the  disease  as  well  as  its  occurrence.  In  them  it  is  slighter  in 
degree,  later  in  development,  and  less  frequently  causes  death.  Hence  the 
disease  is  more  likely  to  escape  notice  in  females,  and  cases  in  which  it  is 
recognized  are  less  likely  to  be  published,  because,  when  a  disease  has  become 
familiar,  the  cases  recorded  are  chiefly  those,  as  we  say,  "  completed  by  an 
autopsy."  Hence  it  is  probable  that  a  proportion  of  four  males  to  one 
female  is  near  the  truth. 

The  disease  occurs  rather  less  commonly  in  isolated  cases  than  in  family 
groups.  The  number  in  a  family  has  varied  from  two  to  eight.  As  many 
as  eight  brothers  suffered  and  died  in  the  family  described  by  Meryon,  while 
all  the  daughters  escaped.  In  a  family  known  to  me,  four  sons  have  suffered 
and  none  of  the  daughters ;  in  another  instance  two  daughters  are  affected 
and  no  sons.  Thus  there  may  be  a  tendency  in  a  family  to  the  affection  of 
one  sex,  and  not  the  other;  but,  on  the  other  hand,  it  is  also  common  for 
both  sexes  to  suffer  in  the  same  family.  In  many  instances  in  which  many 
members  of  one  generation  are  affected,  no  antecedent  cases  can  be  traced 
in  the  family ;  the  malady,  while  congenital,  is  not  hereditary.'  In  other 
families  antecedent  cases  can  be  traced,  and  these  are  invariably  on  the 
mother's  side.  The  disease  is  thus  transmitted  by  women  who  are  not 
themselves  its  subjects.  In  a  case  in  which  four  brothers  suffered,  the 
mother's  brother  and  sister  were  likewise  affected.  Again,  a  brother  and 
sister  were  diseased,  one  daughter  of  a  second  sister,  and  three  daughters  of 
a  third  sister.  In  another  instance  a  boy  suffered,  and  his  sister,  unaffected, 
had  two  sons  diseased  and  a  daughter  free,  of  whose  children  two  sons  were 
the  subjects  of  the  malady.  Thus  the  congenital  tendency  is  exclusively 
due  to  the  maternal  element  in  the  embryo.  This  is  also  shown  by  another 
fact,  that  the  children  of  the  same  woman,  by  different  husbands,  have 
been  affected.  Indirect  hereditary  tendencies,  such  as  are  indicated  by  the 
occurrence  of  diseases  of  the  nervous  system,  can  be  traced  so  rarely  that 
it  is  doubtful  if  they  have  any  influence,  and  it  does  not  appear  that  the 
occurrence  of  the  malady  is  due,  in  any  degree,  to  mere  consanguinity  of 
parents,  to  their  age,  or  their  intemperance. 

The  disease  always  manifests  itself  during  the  period  of  development, 
sometimes  in  the  early  stage  of  growth,  at  the  close  of  infancy,  often  only 
during  mid-childhood,  rarely  not  until  growth  is  nearly  ended.  In  a  third 
of  the  cases,  the  first  symptoms  are  noted  when  the  child  first  attempts  to 
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walk,  which  is  usually  a  little  later  than  in  healthy  children.  In  about 
another  third  the  child  seems  well  until  it  is  four,  five,  or  six  years  old,  and 
then  impairment  of  power  attracts  attention.  In  three-quarters  of  the  cases, 
the  disease  manifests  itself  before  the  tenth  year.  Very  rarely  the  patient 
is  conscious  of  no  symptoms  until  after  puberty,  and  he  has  reached  the  age 
of  eighteen  or  twenty.  I  have  seen  four  instances  of  this  late  apparent 
onset,  but  in  each  inquiry  has  elicited  a  history  of  enlargement  of  muscles 
long  before  their  power  became  impaired.  One  patient,  for  instance,  in 
whom  weakness  was  only  noticed  when  she  was  twenty,  had  been  often 
"chaffed,"  when  a  young  girl  at  school,  on  account  of  her  "tea-kettle 
calves. ' '     It  is  therefore  probable  that,  in  such  late  cases,  it  is  rather  the 


Fig.  137. 


Fig.  138. 


Fig.  139. 


Figs.  137  and  138. — Two  brothers,  aged  four  and  seven,  suffering  from  pseudo-hypertrophic 

paralysis. 
Fig.  139. — Partial  enlargement  of  rectus,  the  vasti  being  small. 


influence  of  the  disease  on  the  muscular  fibres,  than  its  development,  which 
is  delayed.  Neither  social  state  nor  general  constitutional  condition  seems 
to  influence  the  occurrence  of  the  disease,  but  its  manifestation  has  some- 
times been  apparently  accelerated  by  influences  that  disturb  the  general 
health;  it  has  been  first  noticed,  for  instance,  during  convalescence  from 
some  general  illness. 

Symptoms. — Impairment  of  power  usually  attracts  attention  before  any 
change  is  observed  in  the  size  of  the  muscles,  or  if  these  are  noticed  to  be 
large,  it  is  with  feelings  of  parental  pride  rather  than  with  suspicion.  The 
children,  who  usually  walk  late,  often  also  walk  clumsily,  fall  with  ease  and 
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rise  with  difficulty.  The  act  of  going  upstairs  is  especially  difficult  to  them  ; 
the  child  has  to  take  hold  of  the  banisters  and  pull  himself  up. 

The  muscles  may  at  first  present  nothing  unusual ;  if  the  child  is  fat,  as 
is  frequently  the  case,  neither  an  increase  nor  a  diminution  in  size  can  be 
readily  observed.  At  the  age  of  five  or  six  years  an  unnatural  enlargement 
of  certain  muscles  is  usually  conspicuous,  especially  when'  there  is  a  contrast 
between  these  and  other  muscles  which  are  small.  If  enlargement  is  almost 
universal,  it  is  usually  great  and  conspicuous.  The  enlargement  of  muscles, 
although  for  a  time  it  may  increase,  ultimately  lessens,  earlier  in  some  muscles 
than  in  others,  and  it  may  give  place  to  an  actual  wasting. 

Among  muscles  that  are  most  frequently  large  those  of  the  calf  take  the 
first  place.  They  sometimes  attain  a  remarkable  size.  I  have  measured  a 
calf  14)^  inches  in  circumference  in  a  boy  of  twelve.  The  muscles  in  front 
of  the  lower  leg  are  less  frequently  enlarged,  but  sometimes  project  beyond 
the  edge  of  the  tibia.  The  extensors  of  the  knee  are  often  big ;  occasionally 
the  rectus  or  vastus  internus  is  alone  increased  in  size  (the  rectus,  in  Fig. 
139),  and  the  other  parts  may  be  normal  or  small;  less  frequently  all  parts 
are  small.  The  flexors  of  the  knee  commonly  escape,  the  glutei  are  frequently 
conspicuously  large,  and  so  also  are  the  lumbar  muscles.  The  condition  of 
those  of  the  shoulder  is  peculiar  and  important.  Of  all  the  muscles  of  the 
body,  next  to  those  of  the  calf,  no  one  is  enlarged  more  frequently  or  in 
greater  relative  degree  than  the  infra-spinatus.  It  often  stands  out  so  con- 
spicuously that'  its  limit  is  apt  to  be  'mistaken  for  the  edge  of  the  scapula 
(Figs.  140  and  141).  The  supra-spinatus  is  sometimes  also  prominent,  but  its 
condition  is  usually  concealed  by  the  trapezius,  which  is  little  involved.  The 
deltoid  is  also  frequently  large ;  the  serratus  rarely.  The  pectoralis  is  never 
enlarged,  but  on  the  other  hand,  its  lower  half  is  wasted  in  a  large  proportion 
of  the  cases,  and  with  this  the  latissimus  dorsi,  which  has  the  same  action  in 
depressing  the  raised  arm  (see  p.  49).  The  teres  major  may  share  the 
wasting  of  the  latissimus.  In  many  cases  no  trace  can  be  found  of  the 
latissimus  and  lower  part  of  the  pectoralis,  and  it  even  seems  as  if,  in  some 
cases,  these  muscles  may  be  congenitally  absent.  In  consequence  of  the 
loss  of  the  latissimus,  the  posterior  axillary  fold  is  almost  absent,  and  the 
aspect  of  the  axilla  is  strikingly  abnormal,  especially  when,  as  is  often  the 
case,  the  defect  contrasts  with  the  conspicuous  prominence  of  the  infra- 
spinatus (Figs.  140  and  141). 

The  other  muscles  of  the  arm  suffer  in  diminishing  degree  and  frequency 
from  above  downward.  The  triceps  and  biceps  are  sometimes  enlarged, 
the  former  more  frequently  than  the  latter,  but  occasionally  only  in  one 
part.  Both  these  muscles  are  sometimes  wasted.  The  forearm  muscles 
suffer  in  only  a  small  minority  of  the  cases,  and  the  intrinsic  muscles  of  the 
hand  usually  escape  altogether. 

The  muscles  of  the  neck  are  rarely  affected,  but  I  have  noted,  in  a  few 
cases,  wasting  of  the  clavicular  part  of  the  sterno-mastoid.  Those  of  the 
face  do  not  suffer,  but  in  the  patient  shown  in  Fig.  144  there  was  considerable 
enlargement  of  the  masseters.     The  tongue  has  been  increased  in  size  in  a 
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few  instances.      The  other  muscles  supplied  by  the  cranial   nerves   always 
escape. 

The  diseased  muscles  are  weal;,  but  the  impairment  of  power  is  to  some 


Fig.  141. 


Fig.  140. 


Wasting  oi  latissimus  dorsi  and  serratus  ;  enlarge- 
ment of  infra-spinatus,  supra  spinatus,  and  del- 
toid ;  atrophy  of  biceps  and  triceps.  {By  Dr. 
II.  R.  Spencer,  from  a  photograph.) 

Fig. 142. 


Pseudo-hypertrophic  paralysis.  Absence  of  latissinius 
dorsi,  enlargement  of  infra-spinatus.  {Froiti  a  photo- 
graph.) 


Mode  of  obtaining  extension  of  hips  in  pseudo- 
hypertrophic paralysis.  F,  fulcrum  of  the 
lever  formed  by  the  femur.  P,  mean  position 
at  which  the  power  is  applied  by  contraction 
of  the  quadriceps  femoris.  W.  position  of 
weight  in  the  ordinary  mode  of  rising,  w,  the 
place  to  which  part  is  transferred  by  putting 
hands  on  knees. 


i: 


extent  irrespective  of  the  change  in  size.  The  muscles  that  are  abnormally 
small  are  generally  weaker  than  those  that  are  abnormally  large  ;  and  in  the 
latter  the  weakness  increases  with  the  wasting.     In  the  legs  the  greatest 
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weakness  is  in  muscles  that  are  inaccessible  to  observation, — the  flexors  ot 
the  hips ;  next  in  order  of  weakness  come  the  extensors  of  the  knee,  and  the 
extensors  of  the  hip.  The  muscles  below  the  knee  usually  retain  considerable 
power  for  a  long  time,  and  the  extensors  of  the  ankle  fail  before  the  flexors. 
In  the  upper  limbs  the  depressors  of  the  arm  are  usually  alone  weakened 
during  the  early  period  of  the  disease,  but  subsequently  the  shoulder  muscles 
suffer,  then  the  triceps  and  the  biceps,  while  the  muscles  that  move  the  hand 
commonly  retain  good  power  to  the  last. 

The  distribution  of  weakness  in  the  legs  causes  certain  peculiar  defects  of 


Fig.  143. 


Fig.  144. 


Late  stage  of  pseudohypertrophic  paralysis  :  a  boy 
fourteen  years  old,  with  muscular  contraction  and 
wasting  and  lateral  curvature  of  the  spine. 


Mode  of  rising  from  the  ground  in  pseudo- 
hypertrophic paralysis. 

movement  which  are  very  characteristic,  and  some  are  even  all  but  pathog- 
nomonic of  the  disease.  The  difficulty  in  going  upstairs  is  especially  due 
to  the  weakness  of  the  extensors  of  the  knee  and  hip.  The  defect  of  the 
extensors  of  the  hip  causes  the  gait  to  have  a  peculiar  oscillating  character, 
in  which  the  body  is  so  inclined  as  to  bring  the  centre  of  gravity  over  each 
foot,  on  which  the  patient  successively  throws  his  weight,  because  the  weak 
gluteus  medius  cannot  counteract  the  inclination  toward  the  leg  that  is  off 
the  ground,  unless  the  balance  is  exact.  The  greatest  defect,  however,  is 
in  the  power  of  rising  from  the  floor,  and  the  most  characteristic  peculiarity 
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is  the  mode  in  which  this  is  achieved,  if  still  possible,  and  no  objects  are 
near  by  which  the  patient  can  aid  himself.  He  commonly  has  not  sufficient 
power  to  extend  the  knees  when  the  weight  of  the  trunk  is  on  the  upper 
extremity  of  the  femur,  which  is  then  a  lever  in  which  the  power,  applied 
between  the  fulcrum  and  the  weight,  acts  at  least  advantage.  He  therefore 
places  his  hands  on  his  knees,  as  in  Fig.  142 ;  and  his  arms  thus  bring  much 
of  the  weight  of  the  upper  part  of  the  trunk  on  the  femur  close  to  the 
fulcrum,  between  thisand-the  power,  which  can  then  act  at  greater  advantage. 
Moreover,  the  mere  weight  of  the  head,  which  is  in  front  of  the  arms,  tends 
to  aid  the  extension,  and  indeed  may  effect  the  extension  of  the  knee  without 
the  aid  of  the  extensor  muscles,  as  any  one  may  ascertain  by  observing  the 
mobility  of  the  patella  in  this  attitude.  When  the  knees  are  extended,  the 
power  of  the  extensors  of  the  hip  may  be  sufficient  to  raise  the  body  into  the 
upright  position,  or  the  patient  may  aid  them  by  an  upward  push  with  the 
hand  as  he  takes  it  off.  If,  however,  these  extensors  are  weak,  the  hands 
are  often  moved  higher  and  higher  up  the  thighs,  grasping  alternately,  and 
thus  pushing  up  the  trunk.  To  get  thus  the  requisite  support,  the  knees 
must  not  be  quite  extended,  and  if  their  extensors  have  no  power,  the  device 
cannot  be  employed,  and  the  patient  is  altogether  unable  to  rise.  In  many 
cases,  especially  when  extension  of  the  hip  is  easy,  the  patient  achieves  the 
extension  of  the  knees  in  another  way;  he  puts  the  hands  on  the  ground, 
stretches  out  the  legs  behind  him  far  apart,  and  then,  the  chief  weight  of 
the  trunk  resting  on  the  hands,  by  keeping  the  toes  on  the  ground  and  pushing 
the  body  backward,  he  manages  to  get  the  knees  extended,  until  the  trunk 
is  supported  by  the  hands  and  feet,  all  placed  as  widely  apart  as  possible 
(Fig.  143,  2).  Next  the  hands  are  moved  alternately  along  the  ground 
backward,  so  as  to  bring  a  larger  portion  of  the  weight  of  the  trunk  over 
the  legs.  Then  one  hand  is  placed  upon  the  knee  (Fig.  143,  3)  and  a  push 
with  this,  and  with  the  other  hand  on  the  ground,  is  sufficient  to  enable  the 
extensors  of  the  hip  to  bring  the  trunk  into  the  upright  position. 

The  shortening  and  contraction  of  certain  muscles  lead  to  another  group 
of  symptoms, — distortions  due  to  permanent  alteration  in  the  position  of 
joints.  Some  of  these  are  produced,  as  are  distortions  in  other  forms  of 
muscular  weakness,  by  shortening  of  the  less  affected  opponents  of  the  weaker 
muscles.  Thus  the  knee  joints  become  fixed  by  the  contraction  of  the  flexors, 
and  the  elbow  by  the  contraction  of  the  biceps  when  the  triceps  has  lost  all 
power.  These  contractions  only  occur  late,  and  are  usually  facilitated  by 
the  habitual  flexion  of  the  knee  and  elbow  joints.  But  the  deformity  at  the 
ankle  joint,  which  results  from  contraction  of  the  calf  muscles,  commences 
at  a  much  earlier  period,  before  there  is  any  disproportionate  weakness  in 
the  opponents  of  these  muscles,  and  with  little  assistance  from  posture.  It 
coincides  commonly  with  the  diminution  in  bulk  of  the  muscle,  and  is  the 
result  of  the  shrinking  that  occurs  in  the  length  as  well  as  in  the  breadth  of 
the  muscle,— a  primary  contraction.  As  a  consequence  of  it  the  patient 
cannot  get  the  heels  well  upon  the  ground,  and  the  foot  cannot  be  flexed 
passively  beyond  a  right  angle.     The  gradual  increase  of  the  contraction 
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results  in  considerable  "talipes  equinus."  In  consequence  of  the  muscular 
weakness  which  coincides,  the  patient  is  able  to  walk  but  little,  and  the  loss 
of  the  extension  involved  in  the  act  of  walking  permits  a  rapid  increase  in 
the  unopposed  contraction.  The  feet,  as  Fig.  144  shows,  soon  assume  a 
posture  of  extreme  extension,  the  dorsum  being  in  a  line  with  the  front  of 
the  leg,  or  forming  with  it  a  convex  curve.  A  subluxation  of  the  ankle  joint 
takes  place,  and  the  articular  surface  of  the  astragalus,  its  anterior  extremity, 
and  that  of  the  os  calcis,  form  three  prominences  under  the  skin.  When 
this  reversal  of  the  ankle  occurs,  the  tibialis  anticus  can  no  longer  act  as  a 
flexor. 

Another  deformity,  which  is  due  chiefly  to  muscular  weakness,  is  curvature 
of  the  spine.  An  antero-posterior  curve,  with  the  concavity  backward,  is 
an  early  symptom  of  the  disease,  and  it  may  become  extreme,  the  upper  part 
of  the  trunk  being  carried  so  far  back  that  a  vertical  line  from  the  scapula 


Fig.  146. 


Fig.  145. 


Lad,  aged  fifteen;   late  stage;  wasting  of  thighs ;  inability  to  sit 
upright  in  consequence  of  the  weakness  of  the  spinal  muscles. 


Enlargement  of  the 
vasti  and  not  of  the 
rectus.  In  this  case 
all  other  muscles 
were  below  normal 
size. 


falls  an  inch  or  more  behind  the  sacrum.  It  is  due,  not  to  the  weakness  of 
the  trunk  muscles,  but  to  that  of  the  extensors  of  the  hip,  in  consequence 
of  which  the  pelvis  is  inclined  forward,  carrying  with  it  the  lower  lumbar 
vertebrae  and  the  abdomen  ;  hence  the  upper  part  of  the  trunk  has  to  be 
held  far  back  to  keep  the  centre  of  gravity  of  the  body  over  the  feet.  The 
proof  of  this  mechanism  is  that  when  the  patient  sits,  and  the  pelvis  is 
supported, on  the  ischial  tuberosities,  the  lordosis  disappears.  It  is,  indeed, 
replaced  by  an  opposite  curve,  in  which  the  back  becomes  convex,  clearly 
due  to  the  weakness  of  its  extensor  muscles.  This  curve  may  become  very 
great,  as  in  the  case  shown  in  Fig.  145.  This  weakness  of  the  spinal  muscles 
also  permits  the  occurrence  of  lateral  curvature  (Fig.  144),  influenced,  in  its 
direction,  by  the  habitual  posture  and  the  preponderance  of  weakness  on  one 
side  or  the  other. 
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The  electric  irritability  of  the  muscles  is  not  usually  altered  until  distinct 
weakness  is  developed.  Then,  especially  after  wasting  sets  in,  the  irritability 
is  lowered,  alike  to  faradaism  and  voltaism.  There  is  never  any  trace  of 
degenerative  reaction. 

The  knee  jerk  may  be  at  first  normal,  but  as  the  extensors  of  the  knee 
become  feeble  it  is  always  lessened  and  gradually  disappears.  It  is  never 
excessive,  and  in  all  advanced  cases  it  is  lost.  Sensation  is  unaffected,  and 
so  also  are  the  sphincters  in  the  vast  majority  of  cases.  Very  rarely  there 
has  been,  toward  the  end,  a  slight  difficulty  in  the  retention  or  expulsion  of 
urine,  to  be  regarded,  perhaps,  rather  as  a  complication  than  as  an  effect  of 
the  disease.  All  other  functions  of  the  nervous  system  are  commonly  normal. 
The  sympathetic  functions  are  undisturbed,  and  in  most  cases  the  mental 
development  of  the  subjects  of  this  disease  is  rather  beyond  that  of  other 
children  of  the  same  age,  doubtless  on  account  of  the  indirect  influence  of 
a  malady  which  withdraws  them  from  active  amusements. 

The  rate  of  progress  of  the  disease  and  its  duration  vary  much.  After 
some  years,  often  between  ten  and  fourteen,  the  power  of  standing  becomes 
lost  in  consequence  of  the  increasing  weakness  and  the  contraction  of  the 
calf  muscles.  The  latter  is  chiefly  influential,  and  if  the  tendons  are  cut, 
the  ability  to  stand  may  be  restored  and  may  remain  for  some  years  more. 
When  the  patient  ceases  to  walk,  the  muscular  disease  makes  more  rapid 
progress,  deformities  become  greater,  and  lateral  curvature  of  the  spine 
intensifies  the  effect  of  the  muscular  weakness  in  limiting  the  respiratory 
movements.  The  muscular  wasting  may  then  become  great,  especially  about 
the  shoulders  and  thorax,  but  the  patient  may  live  on,  helpless,  except 
in  the  hands,  for  several  years.  Death  is  often  due  to  some  intercurrent 
malady,  an  acute  specific  disease,  acute  pneumonia  or  bronchitis.  In  other 
cases  death  is  the  result  of  chronic  lung  disease,  a  form  of  pneumonic  phthisis 
or  broncho-pneumonia,  which  develops  gradually,  with  little  febrile  disturb- 
ance, apparently  in  consequence  of  the  influence  on  the  lungs  of  the  lessened 
respiration.  There  is  never  sufficient  impairment  of  the  respiratory  muscles 
to  cause  death  directly.  Such  pulmonary  disease  generally  ends  life  some 
time  between  twelve  and  twenty.  The  duration  of  the  stage  of  helplessness 
depends  very  much  on  the  care  which  the  patient  can  obtain. 

In  the  cases  in  which  muscular  power  remains  good  until  after  puberty, 
the  progress  of  the  disease  is  generally  slow.  The  patient  may  reach  the 
age  of  thirty  before  power  is  much  impaired.  It  is  possible  that,  in  some 
cases,  the  disease  never  attains  a  considerable  degree.  More  frequently, 
however,  after  slight  symptoms  have  lasted  for  some  years,  a  rapid  increase 
occurs,  and  very  few  patients  reach  the  age  of  forty.  The  course  of  the 
disease  is  slower  in  girls  than  in  boys,  and  females  furnish  a  relatively  large 
proportion,  perhaps  one-half,  of  the  late  cases. 

Varieties. — The  chief  varieties  of  the  disease  depend  on  the  age  at  which 
it  commences,  and  on  the  condition  of  the  muscles,  whether  they  are  large 
or  small.  In  rare  cases  a  single  muscle  may  be  large,  and  the  rest  small,  as 
in  Fig.  146,  in  which  only  the  vasti  were  increased  in  size.     Or  everywhere 
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and  from  the  first  the  muscles  are  smaller  than  normal,  and  they  progressively- 
waste.  Such  cases  are  not  uncommon  ;  in  the  first  group  of  cases  described 
(by  Meryon),  enlargement  of  muscles  was  inconspicuous.  Many  cases  in 
which  all  muscles  are  small  belong  properly  to  the  form  considered  in  the 
next  section.  The  cases  described  by  Meryon  are  generally  regarded  as 
examples  of  pseudo-hypertrophic  paralysis,  but  they  present?  many  points  of 
resemblance  to  the  "simple  atrophy  "  described  further  on. 

Complications. — Congenital  mental  weakness,  due  apparently  to  defective 
development  of  the  brain,  sometimes  complicates  pseudo-hypertrophic 
paralysis.  In  rare  cases  there  have  been  indications  of  some  other  morbid 
condition  of  the  central  nervous  system,  such  as  epilepsy.  It  is  uncertain 
in  what  light  the  slight  occasional  affection  of  the  bladder  is  to  be  regarded, 
whether  as  an  invasion  of  the  vesical  muscles  or  as  a  central  complication. 


Fig.  147. 


Gastrocnemius  muscle ;  muscular  fibres,  irregularly  narrowed  and  in  part 
degenerated,  lie  among  tracts  of  nucleated  fibrous  tissue,  separated  by 
adipose  tissue. 

Vigoroux  has  recorded  a  case  in  which  the  symptoms  of  pseudo-hypertrophic 
paralysis  were  combined  with  the  peculiar  rigidity  of  Thomsen's  disease. 
Of  course  the  subjects  of  the  disease  are  liable,  like  other  children,  to  various 
diseases  of  the  nervous  system,  such,  for  instance,  as  chorea,  which  brought 
one  well-marked  case  under  my  notice,  but  these  are  merely  accidental 
complications. 

Pathological  Anatomy. — It  is  rare,  at  the  time  of  death,  for  any  muscles 
to  be  actually  larger  than  natural,  and  most  of  those  that  are  affected  are 
usually  below  the  normal  size.  They  are  pale  and  yellowish  in  color,  and 
often,  to  the  naked  eye,  resemble  perfectly  masses  of  adipose  tissue.  The 
resemblance  is  not  merely  one  of  aspect.  As  seen  under  the  microscope,  it 
may  be  difficult  for  the  observer  to  realize  that  he  is  not  looking  at  a  fatty 
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tumor.  Nothing  may  be  at  first  visible  but  fat  cells,  precisely  like  those  of 
adipose  tissue.  Among  the  cells,  however,  are  tracts  of  nucleated  fibrous 
tissue,  and  a  closer  examination  of  these  shows  that  the  tracts  contain  also 
muscular  fibres  (Fig.  147),  most  of  them  much  narrower  than  normal.  They 
are  also  irregular  in  width ;  a  broad  fibre,  for  instance  (as  in  the  figure), 
suddenly  becoming  narrow. 

The  fibres  for  the  most  part  preserve  their  transverse  striation,  but  where 
they  are  narrowest  this  may  have  in  part  disappeared,  either  by  granular 
degeneration,  or,  more  commonly,  by  a  simple  fading  of  the  striae.  In  the 
narrowed  fibres  the  striae  are  sometimes  further  apart  than  normal.  In  other 
parts  broad  fibres  may  be  seen,  normal  or  nearly  normal  in  aspect  (Fig.  148), 
coursing  among  the  fat  cells,  and  accompanied  by  a  smaller  amount  of 
fibrous  tissue.  Large  fibres  occasionally  present  fatty  degeneration,  or  a 
longitudinal  striation,  but  these  are  rare.  Some  empty  sarcolemma  sheaths 
may  be  seen  where  the  narrowing  of  the  fibres  is  greatest.     In  muscles  that 


Gastrocnemius  muscle ;   two  nearly  normal  muscular  fibres,  accom- 
panied by  fibrous  tissue,  surrounded  by  fat  cells. 


still  preserve  some  red  tint,  the  amount  of  fat  is  less,  and  there  is  often  a 
relatively  larger  amount  of  interstitial  fibrous  tissue. 

In  some  of  these  the  interstitial  tissue  may  be  almost  entirely  fibrous,  a 
few  fat  cells  only  being  visible  here  and  there.  In  such  muscles  it  is  common 
to  find  the  fibres  more  damaged  than  in  those  in  which  the  growth  is  partly 
fatty.  It  is  chiefly  in  the  latter  that  many  normal  fibres  are  seen.  No 
muscular  fibres  larger  than  normal  have  been  found  after  death,  but  such 
fibres  have  been  seen  in  fragments  removed  during  life  by  excision  or  by  a 
"harpoon  trocar;"  it  is  probable  that  the  increased  size  was  due  to  a  vital 
contraction  under  the  mechanical  stimulus  involved  in  the  extraction.  (See 
note,  p.  402.) 

The  motor  nerves  to  the  muscles  have  not  in  any  case  been  found  diseased. 
The  condition  of  the  sensory  muscle  nerves  (which  terminate  in  the  inter- 
stitial tissue  in  which  the  primary  morbid  process  occurs)  has  not  been 
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ascertained  in  any  instance.  In  several  cases  in  which  the  spinal  cord  has 
been  examined  it  has  been  perfectly  normal.  In  a  few  there  have  been 
slight  and  irregular  degenerative  changes.  They  have  not  been  so  marked 
in  any  other  case  as  in  one  examined  by  Lockhart  Clarke  and  myself.*  In 
this  case  the  cervical  and  dorsal  regions  were  normal,  with  the  exception  of 
here  and  there  slight  accumulations,  at  the  bottom  of  the  fissures,  of  products 
of  degeneration,  probably  derived  from  the  perivascular  erosion  common  at 
all  ages.  At  the  last  dorsal  segment,  however,  there  was  an  area  of  granular 
disintegration  in  the  intermediate  gray  substance  on  each  side,  in  front  of 
the  posterior  vesicular  tract.  This  part  was  unduly  translucent  for  half  a 
centimetre  in  vertical  extent,  and  in  the  middle  of  this  area  the  disintegration 
had  produced  an  actual  cavity  across  which  the  fibres  for  the  cerebellar  tract 
ran  unchanged. 

Pathology. — The  common  integrity  of  the  anterior  gray  matter  of  the 
cord,  and  especially  of  the  motor  nerve  cells,  seems  conclusive  evidence 


Fig.  149. 


Section  of  a  myo-lipoma  which  was  attached  to  the  spinal  cord  of 
a  man  suffering  from  locomotor  ataxy,  for  comparison  with  Figs. 
147  and  148. 


that  the  disease  of  the  muscles  is  not  due  to  a  primary  lesion  of  the  spinal 
cord.  Pseudo-hypertrophic  paralysis  is  not  therefore,  as  was  at  first  thought, 
merely  a  form  of  spinal  muscular  atrophy  with  a  special  muscular  change. 
The  significance  of  the  pathological  anatomy  is  that  the  malady  is  a  primary 
disease  of  the  muscles,  consisting  in  an  overgrowth  of  the  interstitial  con- 
■  nective  tissue,  in  which  fat  may  or  may  not  be  deposited,  and  that  the  wasting 
of  the  muscular  fibres  is  secondary  to  the  interstitial  growth.  The  significance 
of  the  conditions  under  which  the  disease  occurs  is  that  the  disease  is  con- 
genital, the  result  of  a  perverted  tendency  of  growth,  inherent  in  the  embryo, 
and  derived  from  the  germ  from  which  the  embryo  proceeds.  In  this  con- 
nection it  is  instructive  to  note  that  there  is  one  form  of  congenital  tumor 
the  structure  of  which  is  almost  exactly  the  same  as  that  of  the  muscles  in 

* Med.-Chir.  Trans. ,vol.  lvii,  p.  247. 
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pseudo-hypertrophic  paralysis.  Fig.  149  might  be  a  fragment  of  a  muscle 
in  this  disease,  but  it  is  a  section  of  a  myo-lipoma  attached  to  the  conus 
medullaris  of  the  spinal  cord  of  a  patient  whose  muscles  were  healthy. 
(The  tumor  is  shown  also  in  Fig.  155.)  Such  a  tumor,  in  such  a  situation, 
must  have  been  of  congenital  origin,  due  to  the  misplacement  of  some  of 
the  embryonal  elements  from  which  muscular  tissue  is  developed,  and  it 
shows  that  from  such  germ  tissue  the  structural  condition  found  in  pseudo- 
hypertrophic paralysis  may  arise. 

The  essential  lesion  is  the  growth  of  connective  tissue,  by  which  the  fibres 
are  damaged,  whether  fatty  tissue  is  formed  or  not.  Indeed,  the  fibres  seem 
to  suffer  more  when  there  is  only  fibrous  tissue  than  when  there  is  the  fatty 
deposit.  It  is  chiefly  the  fat  that  causes  the  enlargement  of  the  muscles. 
There  seems  to  be  a  tendency  to  the  formation  of  fat  in  the  early  stage  of 
the  disease,  and  to  its  removal  in  the  later  stage,  since  in  the  former  the 
muscles  may  often  be  observed  to  increase  in  size,  and  in  the  latter  they 
become  smaller,  partly  from  some  removal  of  fat  and  partly  from  the 
increasing  atrophy  of  the  muscular  fibres.  It  is  then  that  the  greatest 
impairment  of  power  occurs.  In  the.  cases  in  which  the  muscles  are  small 
from  the  first  the  tendency  to  the  deposit  of  fat  seems  slight,  and  the  con- 
dition is  an  almost  pure  muscular  sclerosis.  The  late  shortening  which 
occurs  seems  to  be  due  to  the  contraction  of  the  interstitial  fibrous  tissue, 
and  it  often  coincides  with  the  shrinkage  from  the  removal  of  some  of  the 
fat  and  the  atrophy  of  the  muscular  fibres. 

If  it  be  true  that  the  latissimus  dorsi  and  lower  half  of  the  pectoralis  are 
sometimes  congenitally  absent  in  pseudo-hypertrophic  paralysis,  the  fact  is 
quite  consistent  with  the  explanation  of  the  nature  of  the  disease  given  above. 
These  two  muscles  stand  perhaps  lowest,  in  functional  importance,  among 
the  muscles  of  the  body,  being  used  chiefly  for  the  rare  depression  of  the 
arm  against  a  resistance  (see  p.  49).  It  is  readily  intelligible  that  a  defect 
in  the  embryonal  tissue  of  the  muscular  system  should  be  quantitative  as 
well  as  qualitative. 

The  loss  of  the  knee  jerk  is  sufficiently  explained  by  the  muscular  lesion. 
According  to  the  theory  that  the  irritability  on  which  the  jerk  depends  is 
due  to  a  muscle-reflex  action,  the  loss  is  readily  intelligible,  since  the  afferent 
impulse  is  due  to  the  stimulation,  by  tension,  of  the  sensory  muscle  nerves, 
and  these  end  (or  begin)  in  the  interstitial  tissue  which  is  the  seat  of  the 
primary  morbid  process  in  this  disease.  But  the  wasting  of  the  muscular 
fibres  must  also 'be  capable  of  abolishing  the  knee  jerk  when  the  atrophy 
reaches  a  considerable  degree,  and  it  is  also  possible  that  the  motor  nerve 
endings  share  the  structural  damage.  On  any  theory  of  the  nature  of  the 
knee  jerk,  this  will  explain  its  loss.  It  is  only  when  the  muscular  changes 
have  attained  a  considerable  degree  that  the  loss  occurs.  The  fact  therefore 
does  not,  in  itself,  suggest  any  lesion  of  the  spinal  cord. 

Diagnosis. — The  diagnosis  of  the  disease  is  usually  easy,  if  its  characters 
are  known.  The  peculiarity  of  gait  and  the  mode  of  rising  from  the  floor, 
the  age  of  the  patient,  and  the  progressive  character  of  the  impairment, 
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are  in  themselves  sufficient  to  suggest  the  disease,  and  examination  reveals 
enlargement  and  often  contraction  of  the  calf  muscles,  and  a  change  in  the 
size  of  others,  which  confirm  the  diagnosis.  The  mode  of  rising  is  not 
absolutely  pathognomonic,  because  it  is  present  in  other  diseases  which  cause 
a  gradual  weakening  of  the  extensors  of  the  knee,  but  such  gradual  paralysis 
is  exceedingly  rare  in  early  life,  from  any  other  cause.  Hence  the  peculiarity 
is  of  great  diagnostic  value,  greater  even  than  might  be  anticipated. 

Of  the  condition  of  the  muscles,  that  which  is  most  characteristic  is  the 
combination  of  enlargement  of  the  infra-spinatus  combined  with  a  wasting 
of  the  latissimus  and  lower  part  of  the  pectoralis.  I  pointed  out  some  years 
ago*  that  this  condition,  when  it  exists,  is  of  very  high  diagnostic  importance, 
and  subsequent  observations  have  fully  confirmed  the  opinion.  The  con- 
dition is,  moreover,  rarely  absent.  The  cases  in  which  the  latissimus  is  not 
wasted  are  often  untypical,  and  the  diagnosis  frequently  cannot  be  made  with 
absolute  certainty.  Next  in  importance  is  the  enlargement  of  the  calf  muscles, 
especially  in  combination  with  contracture  that  cannot  be  overcome.  A 
distinct  enlargement  of  part  only  of  the  extensor  of  the  knee  is  also  of  very 
great  diagnostic  significance.  It  is  important,  however,  to  remember  that 
enlargement  of  muscles  is  not  an  invariable  symptom  of  the  disease.  They 
may  be  gravely  diseased,  and  yet  of  normal  size,  or  from  the  first  smaller 
than  normal.  In  such  cases  they  are  often  hard,  and  the  distribution  of  the 
atrophy  is  the  same  as  that  of  the  double  change  in  typical  cases.  But  some 
cases  of  this  character  properly  belong  to  the  form  described  in  the  next 
section. 

The  disease  which  is  most  frequently  mistaken  for  pseudo-hypertrophic 
paralysis  is  the  so-called  "congenital  spastic  paraplegia,"  described  at  a 
preceding  page.  Both  diseases  affect  children  ;  in  both  there  are  weakness 
of  the  legs  and  contraction  of  the  calf  muscles,  and  in  both  the  muscles 
are  frequently  large.  The  chief  points  in  the  diagnosis  have  been  already 
mentioned.  The  most  important  are  the  preservation  and  excess  of  the 
knee  jerk  in  spastic  paraplegia,  the  tendency  to  spasm  of  the  legs,  the  facts 
that  the  contracture  is  active,  and  can  be  overcome,  that  the  patient  does 
not  rise  from  the  ground  in  the  way  peculiar  to  pseudo-hypertrophic  paralysis, 
and  the  opposite  tendency  of  the  two  diseases.  Between  spinal  muscular 
atrophy  and  this  disease  a  difficulty  in  diagnosis  can  arise  only  in  untypical 
cases  in  which  no  muscles  are  large.  The  age  of  the  subjects  is  different ; 
the  spinal  form  involves  the  hand  muscles  in  most  cases,  and  rarely  affects 
the  legs  more  than  the  arms,  while  in  many  cases  the  legs  are  the  seat  of 
spasm. 

The  form  of  idiopathic  muscular  atrophy  described  in  the  next  section  is 
allied  to  pseudo-hypertrophic  paralysis,  and  if  a  diagnostic  difficulty  arises 
it  will  chiefly  be  as  to  the  category  in  which  a  case  should  be  placed  in 
which  there  is  no  conspicuous  muscular  enlargement.  The  most  important 
distinction  is  the  freedom  of  the  calf  muscles  from  enlargement  in   the 


*  "  Pseudo-hypertrophic  Muscular  Paralysis,"  London,  1879. 
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atrophic  form.  The  face  is  never  affected  in  pseudo-hypertrophy  as  it  is 
sometimes  in  idiopathic  atrophy.  If  more  than  one  member  of  a  family  is 
affected,  some  of  the  sufferers  will  usually  present  characteristic  symptoms 
if  the  malady  is  of  the  pseudo-hypertrophic  type,  for  it  is  remarkable  with 
what  constancy  the  two  forms  remain  distinct  in  the  various  families  (see 
p.  394).  If  an  excised  fragment  presents  no  increase  of  interstitial  tissue, 
pseudo-hypertrophy  is  excluded,  but  the  presence,  of  some  fibrous  tissue 
between  the  muscular  fibres  does  not  prove  that  the  case  is  of  the  pseudo- 
hypertrophic type,  since  some  muscles  may  present  this  change  in  a  case  of 
the  atrophic  form. 

Prognosis. — In  any  case  of  pseudo-hypertrophic  paralysis  the  prognosis 
is  most  grave.  It  is  almost  certain  that  each  year  will  bring  increasing 
disability,  and  that  the  patient  will  not  reach  adult  life.  It  is  only  when 
the  disease  develops  late,  and  the  symptoms  do  not  become  considerable 
until  after  twenty  years  of  age,  that  there  is  a  possibility  that  the  disease  may 
not  attain  its  ultimate  degree,  but  even  in  such  cases  this  hope  is  seldom 
realized.  In  any  case,  and  at  any  age,  it  is  unlikely  that  the  patient  will 
live  more  than  seven  years  after  the  power  of  standing  is  lost. 

Treatment. — Pseudo-hypertrophic  paralysis  is  one  of  those  diseases 
against  the  essential  elements  of  which  the  physician  is  powerless,  and  will 
probably  remain  so.  So  far  as  our  present  knowledge  goes,  a  developmental 
tendency  to  tissue  growth  is  beyond  control.  It  is  not  surprising,  therefore, 
that,  of  the  many  drugs  which  have  been  given  in  this  disease,  not  one  has 
been  found  to  exert  a  distinct  influence.  Arsenic  and  phosphorus  have  been 
thought  by  some  to  retard  the  progress  of  the  weakness,  but  in  no  case  has 
permanent  arrest  been  obtained.  In  a  malady  of  which  the  course  is  so 
prolonged,  and  in  which  the  process  of  failure  is  so  gradual,  it  is  easy  to 
fancy  that  arrest  has  taken  place  when  the  course  of  the  disease  is  not  actually 
retarded.  The  stimulation  of  the  muscles  by  electricity  has  been  employed 
and  advocated,  but,  however  sedulously  employed,  I  have  never  seen  distinct 
effect  from  the  use  of  either  faradaism  or  voltaism.  Indeed,  we  have  no  facte 
whatever  to  justify  the  expectation  that  any  form  of  electricity  that  could 
be  applied  to  the  muscles,  would  influence  the  interstitial  growth  of  fibrous 
tissue,  or  that  any  electrical  stimulation  of  the  fibres  can  save  them  from  the 
destructive  influence  of  the  compression  they  endure.  It  must  be  remem- 
bered, moreover,  that  electricity  is  a  very  feeble  agent  in  stimulating  fibres 
to  growth,  compared  with  the  physiological  stimulus  of  voluntary  effort. 

Muscular  exercise  does  seem  to  have  some  influence  in  retarding  the  failure 
of  power.  It  may  perhaps  cause  some  growth,  or  increased  capacity  for 
contraction,  in  the  muscular  fibres  that  have  not  yet  suffered.  It  is  possible, 
also,  that  it  may,  to  some  extent,  divert  the  trophic  energy  from  the  inter- 
stitial tissue,  since  cessation  of  muscular  exercise  is  certainly  followed  by 
quicker  failure  of  strength.  Hence  it  is  desirable  that  the  patient  should 
carry  out  carefully-planned  gymnastic  exercises,  so  arranged  as  to  call  into 
action  the  muscles  that  most  need  help.  These,  thoroughly  persevered  in, 
have  seemed,  more  than  any  other  means,  to  retard  the  disease.     But  they 
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have  not  in  any  case  arrested  it.  Rubbing  and  massage  are  useful,  combined 
with  passive  movements,  in  lessening  the  tendency  to  muscular  contraction 
and  consequent  deformities. 

The  influence  of  muscular  exercise  renders  it  very  important  to  keep  the 
patient  on  his  legs  as  long  as  possible.  The  ability  to  stand  and  walk  is 
generally  lost,  through  the  contraction  of  the  oalf  muscles,  some  time  before 
the  muscular  weakness  would  take  the  patient  off  his  feet.  In  such  cases, 
tenotomy  may  restore  the  power  of  walking  for  some  years,  and  when  con- 
tracture returns,  its  removal  has,  a  second  time,  set  the  patient  on  his  feet 
again.  The  operation  is  thus  distinctly  beneficial.  It  should  be  performed 
without  delay  as  soon  as  the  actual  need  for  it  arises,  and  division  of  the 
tendon  is  far  better  than  the  removal  of  the  deformity  by  splints,  which 
.requires  a  certain  time  during  which  additional  structural  damage  will 
occur. 

During  fhe  later  stages  of  the  disease  great  care  is  required  to  preserve  the 
patient  from  catarrh,  which  helps  to  excite  the  pulmonary  mischief  that  so 
often  ends  life.  Similar  care  is  also  needed  during  any  intercurrent  malady 
which  the  patient  may  contract. 

SIMPLE   IDIOPATHIC   MUSCULAR   ATROPHY. 

The  name  "simple  idiopathic  muscular  atrophy"  is  perhaps  the  most 
convenient  term  under  which  to  include  those  forms  of  widespread  muscular 
wasting  which  differ  in  their  characters  from  the  pseudo-hypertrophic  disease, 
and  which,  according  to  present  evidence,  are  not  central  in  nature.  The 
affection  is  a  rare  one,  and  the  cases  present  wide  differences  in  character 
and  course.  But  they  possess  certain  common  features  by  which  the  disease 
can  be  identified  with  considerable  confidence.  Of  these  the  most  important 
is  the  remarkable  tendency  of  the  affection  to  occur  in  many  members  of 
the  same  family.* 

The  separation  from  the  pseudo-hypertrophic  form  is  not  an  absolute  one. 
Intermediate  cases  are  met  with,  usually  isolated,  and  it  may  be  difficult  to 
decide  in  which  category  they  should  be  placed.  An  obvious  distinction  is 
the  presence  or  absence  of  enlargement  of  muscles,  but  we  have  seen  that 
this  is  a  very  inconstant  feature  of  the  pseudo-hypertrophic  form.  Never- 
theless there  are  other  differences  which  will  be  considered  in  the  account 
of  the  symptoms,  and  it  is  remarkable  with  what  constancy  the  two  forms 
keep  separate.  In  those  families  in  which  simple  muscular  atrophy  occurs, 
however  numerous  the  cases,  however  different  the  distribution  of  the  disease, 
and  however  various  the  ages  at  which  it  begins,  no  cases  present  the  dis- 

*  The  most  important  writings  on  the  subject  are  those  of  Duchenne  in  "Electrisation 
Localise  "  (p.  60  of  Poore's  translation,  published  by  the  New  Sydenham  Society) ;  Barsickow, 
"Inaug.  Dissert.,"  Halle,  1872;  Leyden,  Klin.  d.  Ruckenm.  Krank.,  Bd.  ii,  p.  525;  Mobius, 
"  Hered.  Nervenk.,"  Volkmann's  Klin.  Vortrage,  No.  171 ;  Erb,  Deut.  Archill  f.  klin.  Med., 
Bd.  34, 1884,  and  Neurol.  Cenlrqlil.,  July  1st,  1886;  Landouzy  and  Dejerine,  Revue  de  Med., 
/88j,  pp.  81  and  251. 
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tinctive  characters  of  pseudohypertrophic  paralysis.*  It  may  reasonably  be 
anticipated  that  there  is  some  absolute  pathological  difference  between  the 
two  diseases,  underlying  the  difference  in  their  clinical  characters  and  then- 
separate  incidence.  The  anticipation  may  seem  to  be  verified  by  the  fact 
that  in  some  cases  of  simple  atrophy  there  has  been  no  increase  of  interstitial 
tissue,  but  merely  a  primary  wasting  of  the  muscular  fibres.  But  in  some 
other  cases  there  has  been  such  interstitial  overgrowth  in  some  muscles,  and 
this  when  not  one  of  many  cases  in  the  family  resembled  pseudo-hypertrophic 
paralysis.  Hence  it  is  doubtful  whether  the  presence  or  absence  of  an  increase 
in  the  interstitial  tissue  can  be  made  a  ground  of  separation,  although  it  is 
certain  that,  in  some  cases  of  simple  atrophy,  there  is  no  such  increase,  and 
on  the  other  hand  that  it  is  invariable  in  pseudo-hypertrophy. 

Among  the  symptomatic  varieties  presented  by  idiopathic  muscular  atrophy 
it  is  easy  to  distinguish  certain  forms,  especially  in  regard  to  the  part  in 
which  the  wasting  begins.  But  if  we  regard  these  as  distinct  types,  and 
attempt  to  test  the  validity  of  the  types  by  ascertaining  how  far  they  are 
associated  with  differences  in  the  conditions  under  which  the  disease  occurs, 
we  discover  at  once  that  the  symptomatic  differences  do  not  furnish  grounds 
for  the  distinction  of  definite  varieties.  The  types  between  which  there  is 
the  most  marked  difference  may  all  occur  in  the  same  family.  For  instance, 
the  atrophy  sometimes  commences  in  the  face,  and  Duchenne  described  this 
commencement  as  a  characteristic  of  one  variety  of  muscular  atrophy.  But 
in  a  family  in  which  the  atrophy  commenced  in  the  face  in  most  cases,  it 
commenced  elsewhere  in  one  or  two  members,  and  conversely  the  face  has 
suffered  first  in  one  member  of  a  family  although  the  disease  began  elsewhere 
in  all  the  others,  and  the  face  escaped  altogether  in  some.  Thus  the  test  of 
association  invalidates  our  subdivision  of  the  cases  of  simple  atrophy,  as 
distinctly  as  it  serves  us  in  the  separation  of  simple  atrophy  from  the 
pseudo-hypertrophic  form. 

Causes. — The  ultimate  cause  in  all  cases,  and  in  most  the  only  cause 
which  can  be  traced,  is  a  congenital  tendency,  often  clearly  inherited. 
The  proof  of  this  tendency  is  the  occurrence  of  many  cases  in  the  same 
family,  and  the  evidence  of  its  inheritance  is  the  distribution  of  the  cases 
through  more  than  one  generation.  In  one  remarkable  series  recorded  by 
Barsickow,  twenty-four  cases  were  distributed  through  five  generations,  and 
the  disease  was  also  traced  through  five  generations  in  a  group  described  by 
Landouzy  arid  Dejerine.  It  is  very  rare  for  the  disease  to  be  confined  to 
one  generation,  far  more  rare  than  for  pseudo-hypertrophic  paralysis  to  be 
so  confined.  As  in  the  case  of  most  congenital  hereditary  diseases,  cases 
that  are  apparently  isolated  are  occasionally  met  with.  Such  isolated  cases 
are  rare;  how  rare  we  cannot  at  present  say,  because  it  has  generally  been 
the  family  tendency  that  has  suggested  the  idiopathic  nature  of  the  disease, 
and  it  is  probable  that  many  isolated  cases  have  been  thought  to  be  spinal, 

*  This  is  an  important  fact.  We  must  not  actually  unite  in  our  classifieation  forms  of 
disease  which  are  habitually  separate  in  occurrence. 
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the  more  readily  since  the  disease  has  little  tendency  to  cause  death,  and  its 
real  nature,  if  not  suspected  during  life,  has  seldom  been  discovered.  That 
isolated  cases  occur  is  undoubted.  In  the  families  of  the  patients  shown  in 
Figs.  150-3  and  154  no  example  of  analogous  disease  could  be  heard  of. 

Both  sexes  suffer,  and  it  is  doubtful  whether  either  sex  is  the  more  prone 
to  the  disease.  In  a  few  families,  females  have  suffered  chiefly,  in  others 
males,  but  in  most  groups  the  individuals  affected  have  been  of  both  sexes. 
The  age  at  which  the  disease  first  manifests  itself  is  extremely  variable.  It 
may  begin  as  early  as  three  and  as  late  as  sixty  years.  But  the  onset  is  rarely 
during  childhood;  in  the  majority  of  cases  the  disease  shows  itself  between 
fifteen  and  thirty-five ;  that  is,  during  the  later  period  of  growth  and  the 
early  period  of  adult  life.  In  the  same  family,  the  variations  may  be 
extreme.  In  that  of  which  the  history  has  been  given  by  Barsickow  the 
date  of  the  onset  of  seventeen  cases  was  known ;  in  one  the  disease  began 
at  twelve,  in  four  between  fifteen  and  twenty,  in  seven  between  twenty  and 
thirty,  in  three  between  thirty  and  forty,  and  in  two  after  forty.  Sex  has 
no  influence  on  the  date  of  onset,  nor,  as  a  rule,  can  any  relation  be  traced 
between  the  date  and  the  place  at  which  the  wasting  begins.  When  the 
wasting  begins  in  the  face,  the  disease  more  frequently  commences  in  child- 
hood than  when  the  first  wasting  is  in  the  limbs;  but,  in  some  instances, 
the  atrophy  has  commenced  in  the  face  late  in  life,  and  this  in  the  same 
family  in  which  other  sufferers  have  been  young.*  Thus,  in  the  sexual 
proclivity,  and  in  the  date  of  onset,  there  is  a  marked  difference  between 
this  disease  and  pseudo-hypertrophy;  the  latter  showing  a  strong  tendency 
to  affect  males,  and  to  manifest  itself  in  childhood. 

As  a  rule  no  direct  exciting  cause  can  be  traced.  In  a  few  instances  the 
onset  has  succeeded  some  other  morbid  process, — such  as  chlorosis,  acute 
disease,  rheumatic  affections  due  to  exposure  to  cold, — and  the  depression 
of  general  health  resulting  from  these  may  have  determined  the  time  of  onset. 
But  in  other  individuals  of  the  same  families  the  disease  has  developed 
without  the  aid  of  any  exciting  influence. 

Symptoms. — The  onset  is  always  gradual.  Weakness  and  wasting  come 
on  together,  and  are  noticed  simultaneously,  unless  the  commencing  atrophy 
is  concealed  by  subcutaneous  fat.  The  atrophy  generally  begins  in  the 
upper  arm  muscles,  the  legs,  or  the  face;  the  most  frequent  commencement 
is  in  the  arms,  but  in  some  families  there  has  been  a  tendency  to  commence- 
ment in  the  face,  in  others  in  the  legs.  The  face  was  first  affected  in  the 
lad  figured  on  p.  398.  In  the  part  first  affected  the  disease  slowly  increases, 
and  thence  it  usually  spreads.  The  onset  may  be  symmetrical  on  the  two 
sides,  or  one  side  may  suffer  some  time  before  the  other. 

Of  the  arm  muscles  the  weakness  and  wasting  are  noticed  first  in  the 
biceps  and  triceps,  and  with  these  the  supinator  longus  often  suffers.  But 
examination  generally  shows  that  the  lower  part  of  the  pectoralis  and  latissi- 

*  It  seems  therefore  undesirable  to  form  a  separate  variety  of  "juvenile  muscular  atrophy,'' 
as  Erb  has  proposed.     Spinal  atrophies  may  also  be  juvenile. 
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mus  dorsi  are  greatly  wasted,  a  loss  of  which  the  patient  may  be  little  aware, 
on  account  of  the  relative  unimportance  of  these  muscles.  Sometimes  the 
upper  part  of  the  pectoralis,  and  even  the  pectoralis  minor,  are  also  affected 
(Fig.  151).  The  tendency  to  atrophy  of  the  lower  part  of  the  pectoralis 
and  latissimus  is  a  character  common  to  this  disease  and  pseudo-hypertrophic 
paralysis,  but  not  invariable  in  either.  The  deltoids  are  rarely  involved; 
in  many  cases  they  are  normal ;  sometimes  they  have  been  thought  to  be 
unduly  large;  in  a  few  instances  they  have  been  wasted  (Fig.  154).  The 
serratus  magnus  is  often  affected  (Fig.  153),  but  may  escape,  even  in  a 
severe  case.  The  supra-spinatus,  infra-spinatus,  and  subscapularis  are  rarely 
involved ;  the  trapezius  and  rhomboids  have  been  affected  in  many  cases, 
sometimes  entirely  atrophied  (Fig.  153). 

The  forearm  muscles  generally  escape,  with  the  exception  of  the  supinator 
longus,  which  usually  wastes  entirely  when  the  other  forearm  muscles  are 
intact.  Occasionally  there  has  been  some  weakness  of  the  long  extensors 
or  flexors  of  the  fingers,  with  or  without  slight  visible  wasting.  In  the  case 
mentioned  on  page  398,  the  extensors  of  the  phalanges  of  the  thumb 
were  involved  on  the  left,  and  the  radial  extensor  of  the  wrist  on  the  right 
side.  Rarely  the  forearm  muscles  have  been  much  atrophied.  In  several 
instances  there  has  been  some  atrophy  of  the  small  muscles  of  the  hands,  the 
thenar  and  interosseal  muscles  (as  in  a  case  presently  to  be  described),  or 
the  interossei  only,  as  in  the  case  of  Landouzy  and  Dejerine,  but  in  the 
majority  the  integrity  of  these  muscles  was  a  marked  feature  of  the  disease, 
and  a  contrast  to  the  spinal  form. 

The  affection  of  the  face  is  peculiar.  There  is  commonly  a  failure  of  the 
zygomatic  muscles,  and  in  consequence  a  loss  of  the  naso-labial  furrow,  and 
a  curious  alteration  in  the  smile ;  instead  of  the  angles  of  the  mouth  being 
drawn  outward  and  upward,  they  are  moved  upward  by  the  elevators  of  the 
upper  lip  and  angle  of  the  mouth.  The  orbicularis  oris  is  also  affected,  and 
in  consequence  the  lips  are  habitually  separated,  the  lower  lip  projects,  the 
patient  cannot  "pout,"  and  the  articulation  of  labials  is  imperfect.  The 
face  has  a  dull  expression  and  the  aspect  is  very  peculiar ;  it  has  been  termed, 
by  Landouzy  and  Dejerine,  the  "myopathic  face."  Rarely  (as  in  Fig.  151) 
the  frontales  have  been  involved,  and  the  orbicularis  palpebrarum  has  been 
weak.  In  this  case  the  affection  of  the  face  is  unusually  complete.  Wasting 
of  the  muscles  may  be  indistinct,  because  the  contour  of  the  face  is  only  to 
a  slight  degree  influenced  by  the  substance  of  the  muscles.  The  projecting 
lower  lip  may,  indeed,  appear  to  be  thicker  than  normal.  In  many  cases 
the  buccinators  have  been  affected,  in  some  instances  they  have  been  normal, 
and  then  have  drawn  out  the  angles  of  the  mouth  in  smiling.  The  tongue 
has  been  always  unaffected,  and  so  also  have  the  pharynx,  larynx,  muscles 
of  mastication,  and  the  eyeball  muscles.* 

*  In  a  singular  case  under  my  care  some  years  ago,  an  affection  of  the  facial  muscles, 
similar  to  that  of  idiopathic  muscular  atrophy,  was  associated  with  paralysis  of  ocular  muscles. 
The  patient  was  a  girl  of  twenty-seven  years  of  age ;  there  were  no  indications  of  syphilis, 
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The  muscles  of  the  spine  have  sometimes  been  normal,  sometimes  they 
have  been  considerably  atrophied.  The  intercostals  are  often  affected  in 
the  later  stages,  but  rarely  in  extreme  degree.  The  diaphragm  also  some- 
times suffers,  as  in  the  case  shown  in  Fig.  150.  The  abdominal  muscles 
have  been  involved  in  only  a  few  instances.  In  the  legs  the  muscles  most 
commonly  affected  are  the  flexors  of  the  hip,  the  extensors  of  the  knee,  and 
less  frequently  the  glutei.  The  muscles  below  the  knee  have  escaped  in 
many  cases ;  when  they  have  suffered,  the  atrophy  has  generally  involved 
the  peroneal  group,  and  the  calf  muscles  have  been  normal,  a  very  marked 
contrast  to  pseudo-hypertrophic  paralysis.  The  calf  muscles,  however,  shared 
the  general  wasting  in  the  case  shownln  Fig.  154. 

The  electric  irritability  of  the  affected  muscles  is  usually  lessened  in 
proportion  to  the  wasting,  and  equally  to  both  currents.  Indeed,  the 
diminution  is  often  out  of  proportion  to  the  wasting,  and  may  be  great  when 
the  atrophy  is  slight.  There  is  no  trace  of  degenerative  reaction,  and  there 
is  not  even  the  longer  persistence  of  voltaic  than  of  faradaic  irritability  which 
occurs  in  the  more  chronic  cases  of  spinal  atrophy.  Fibrillation  is  also 
absent,  as  an  almost  invariable  rule;  it  has  been  observed  only  twice. 
Myotatic  irritability  is  lessened  or  lost,  it  is  never  increased.  Some  short- 
ening of  muscles  has  been  occasionally  noted,  frequently  in  the  calf  muscles, 
rarely  in  the  biceps. 

All  other  functions  of  the  nervous  system  are  unaffected.  Sensibility  is 
normal.  In  a  few  cases  transient  rheumatoid  pains  have  accompanied  a  rapid 
development  of  the  disease  in  the  arms,  but  in  the  vast  majority  of  cases  the 
disease  is  painless.  The  sphincters  are  unaffected,  and  there  is  no  tendency 
to  trophic  or  vasomotor  disturbance. 

As  the  muscular  atrophy  progresses,  the  form  of  the  affected  parts  becomes 
changed  just  as  in  spinal  atrophy.  Deformities  may  also  occur,  chiefly  from 
the  shortening  of  unaffected  muscles,  but  these  rarely  reach  the  considerable 
degree  common  in  other  forms  of  muscular  atrophy.  Lordosis  occurs  in 
the  upright  posture,  and  is  probably  due  to  the  same  mechanism  as  in  pseudo- 
hypertrophic paralysis,  ceasing,  as  in  that  disease,  when  the  patient  sits 
(compare  Figs.  150  and  153).  When  the  muscles  of  the  lower  leg  are 
involved,  talipes  may  develop. 

The  course  and  duration  of  the  disease  are  exceedingly  variable.     The 


nor  nould  any  history  of  muscular  atrophy  in  the  family  be  ascertained.  The  ocular  palsy 
commenced  gradually  at  twenty-four,  and  increased  until  the  movements  of  both  eyes  upward, 
of  the  left  eye  inward  and  the  right  outward,  were  lost,  and  all  other  movements  were 
weakened.  The  eyelids  drooped  slightly;  the  internal  ocular  muscles  were  normal.  The 
affection  of  the  face  followed  that  of  the  eyes;  the  zygomatic  muscles  were  powerless,  so  that 
the  smile  consisted  only  in  elevation  of  the  upper  lip;  the  orbicularis  was  weak.  The  palate, 
pharynx,  and  larynx  were  normal.  The  arms  became  feeble,  and  the  flexors  of  the  hips 
almost  powerless.  There  was  no  visible  change  in  the  nutrition  or  electrical  irritability  of 
the  muscles;  the  knee  jerk  was  normal.  If  the  case  was  central,  as  it  appeared  to  be,  the 
peculiar  affection  of  the  lips  and  zygomatics  is  not  confined  to  idiopathic  muscular  atrophy. 
If  the  disease  was  muscular,  the  eyeball  muscles  do  not  invariably  escape. 
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atrophy  may  remain  limited  to  the  part  in  which  it  begins.  The  face  alone 
has  been  affected  in  some  members  of  a  family,  although  in  other  members 
the  limbs  subsequently  suffered.  In  cases  in  which  the  wasting  spreads,  years 
may  intervene  before  the  extension  takes  place.  In  one  case,  for  instance, 
the  right  arm  became  affected  at  nineteen,  the  left  at  twenty-five,  the  legs 
at  thirty.     In  another  the  arms  began  to  waste  at  thirty-five,  power  of 

Fig.  150.  Fig.  151.  Fig.  15a- 


Figs.  150  to  153. — Idiopathic  muscular  atrophy  affecting  the  face.  Fig.  150  shows  the  wasting  of  the  deltoid, 
upper  arm  muscles  and  supinator  longus,  and  the  rotation  of  the  scapula  from  the  loss  of  the  trapezius 
and  rhomboids.  Fig.  151  shows  the  habitual  appearance  of  the  face,  and  Fig.  152  the  greatest  possible 
movement  of  the  facial  muscles  in  closing  the  eyes  and  smiling,  and  also  the  wasting  of  the  deltoids  and 
pectorals.    The  general  distribution  of  the  atrophy  is  seen  in  Fig.  153  * 

*  The  patient  is  a  lad,  aged  sixteen.  No  family  history  of  any  similar  affection.  He  had 
primary  and  secondary  syphilis  at  three.  The  wasting  began  gradually  during  childhood; 
movement  of  the  face  almost  ceased  at  six ;  walking  became  difficult  at  twelve.  Now,  the 
face  is  almost  motionless;  lips  full  and  can  be  brought  together,  but  not  shortened.  Eyiballs 
prominent,  th'eir  movements  normal,  and  also  those  of  masseters,  tongue,  pharynx,  and  larynx. 
Sterno-mastoids  small,  amohyoids  large.  Quite  atrophied  are  the  diaphragm,  trapezii,  rhom- 
boids, deltoids,  pectorales,  latissimi,  serrati,  biceps,  brachiales,  triceps,  supinators,  the  left 
extensors  of  the  phalanges  of  the  thumb,  and  right  ext.  carpi  radialis.  Unaffected  are  the 
other  forearm  and  hand  muscles,  the  lev.  ang.  scap.,  supra-  and  infra-spinatus,  the  last  being 
large,  probably  from  over-use.  Erectors  of  spine  feeble,  intercostals  strong.  Extensors  of 
hip  and  flexors  of  knees  normal;  flexors  of  hip  and  extensors  of  knee  very  feeble,  the  latter 
small;  muscles  of  lower  leg  small  and  feeble,  peronei  powerless;  some  contraction  of  calf 
muscles.  Knee  jerk  absent.  Electric  irritability  very  low  to  each  current  in  affected 
muscles ;  in  most,  no  contraction  to  be  obtained.     Functions  of  nervous  system  normal. 
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Fig.  153. 


standing  was  only  lost  at  fifty-five,  and  the  patient  lived  till  seventy-five. 

Even  when  the  malady  begins  in  childhood  its  progress  is  sometimes  very 

slow.     Thus  in  one  case  the  affection  of  the  face  was  first  noticed  at  five,  at 

twelve  the  arms  began  to  suffer,  and  a  few  years  later 

the  flexors  of  the  hip  became  weak,  but  the  patient 

was  still  able  to  walk  at   the  age  of  forty.     On  the 

other  hand,  the  progress  of  the  disease  may  be  more 

rapid   and   uniform,  and   the   atrophy  may  reach  its 

widest  distribution  in  eight  or  ten  years.     In  most 

cases,    even   of  severe  type,    the   wasting   does    not 

become  universal,  but  remains  limited  to  the  muscles 

mentioned  above.     Occasionally  hardly  any  muscles 

of  the  body  may  escape.     An  example  of  such  rare 

universal  atrophy  is  shown  in  Fig.  150,  and  the  case 

is  also    noteworthy  from  the    commencement   in    a 

somewhat  rare  seat,  the  lower  legs,  and  in  the  degree 

of  involvement   of  the   hands.     The  patient  was  a 

man  aged  twenty-seven  at  the  time  of  his  death  (in 

University  College   Hospital).      No  history  of  any 

analogous  case  in  his  family  could  be  ascertained. 

The  affection  began  at  the  age  of  fourteen,  when  his 

feet  began  to  turn  in  so  that  he  walked  on  the  outer 

side  of  the  foot,  and  soon  he  noticed  gradual  wasting 

of  the  legs,  which  slowly  progressed,  and  about  the 

age  of  twenty-four  the   arms  also   began   to  suffer. 

When  first  seen,  a  few  months  before  his  death,  the 

muscular  atrophy  was  universal,  and  the  subcutaneous 

fat  had  also  disappeared.     Even  the  hands  were  greatly  wasted ;  there  was 

a  hollow  in   the   position  of  the   thenar  eminence,  just  as  in   progressive 

muscular  atrophy,  and   the   interosseal   muscles  were   also  greatly  wasted. 

There  was  slight  fibrillation.     The  intercostals  were  paralyzed.     The  wasting 


Fig.  154. 


Idiopathic  muscular  atrophy.     {Drawn  by  Dr.  Spencer, from  a  photograph) 


of  the  legs  was  extreme ;  the  maximum  circumference  of  the  calf  was 
only  seven  inches;  the  feet  were  inverted,  the  sole  hollowed,  and  the  toes 
flexed.  The  patient  died  from  diarrhoea.  The  muscles  were  found  to  be 
small  and  pale.     The  chief  microscopical  change  was  intense  granular  and 
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fatty  degeneration  of  the  fibres.  A  very  few  normal  fibres  were  seen  in 
some  muscles.  There  was  no  increase  of  interstitial  tissue.  Microscopical 
examination  revealed  no  morbid  changes  in  the  spinal  cord. 

The  duration  of  the  disease  varies  from  ten  to  fifty  years.  Death  has 
never  occurred  as  the  direct  result  of  the  malady.  In  the  cases  of  most 
severe  degree  and  rapid  course,  the  patient  has  usually  died  from  phthisis, 
probably  related  to  the  deficient  breathing  power,  just  as  in  the  sufferers 
from  pseudo-hypertrophic  paralysis.  In  most  cases,  however,  death  has  been 
due  to  other  maladies,  and  has  not  been  in  any  degree  the  consequence  of 
the  muscular  disease. 

Pathological  Anatomy. — The  pathological  facts  are  limited  to  two  or 
three  post-mortem  examinations,  and  a  few  observations  on  excised  fragments 
of  muscles.  The  conditions  found  have  varied  much.  In  the  case  recorded 
by  Landouzy  and  Dejerine,  simple  narrowing  of  the  muscular  fibres  was  the 
chief  morbid  appearance.  In  some  cases  excised  fragments  have  shown 
considerable  increase  in  the  interstitial  tissue ;  in  the  case  shown  in  Fig. 
154,  a  granular  and  fatty  degeneration  of  the  muscular  fibres  was  the  only 
change.  In  some  excised  fragments,  fibres  have  been  seen  larger  than 
normal,  but  whether  these  were  really  hypertrophied,  or  merely  thickened 
by  contraction,  is  uncertain  (see  note  on  p.  402).  Longitudinal  striation 
and  Assuring  of  the  fibres  has  been  described  by  Erb.  The  spinal  cord  and 
nerves,  when  examined,  have  been  found  normal.  The  condition  is  thus 
diverse,  and  it  is  difficult  to  conceive  that  they  can  all  be  results  of  the  same 
cause,  and  manifestations  of  the  same  disease.  But  it  is  to  be  noted  that  in 
cases  of  the  pseudo-hypertrophic  type  considerable  diversity  has  been  met 
with  in  the  muscular  changes.  So  far  as  our  present  knowledge  goes,  the 
muscular  changes  must  be  ascribed  to  a  congenital  tendency  by  which  they 
perish  prematurely.  The  tendency  may  lead  to  overgrowth  of  the  interstitial 
tissue,  or  to  simple  wasting  of  the  fibres,  or  to  early  decay,  either  in  conse- 
quence of  a  simple  difference  in  the  characters  of  the  tendency,  or  more 
probably  by  the  cooperation  with  it  of  other  constitutional  influences, 
congenital  or  acquired. 

Diagnosis. — The  two  most  important  diagnostic  indications  are  the 
affection  of  more  than  one  member  of  the  same  family,  and  the  onset  of  the 
disease  before  adult  life  is  reached.  The  former  is  alone  conclusive ;  but 
the  latter  should  always  suggest  the  probable  idiopathic  nature  of  the  case. 
In  isolated  cases  the  diagnostic  difficulty  is  much  greater,  and  no  indication 
is  actually  conclusive,  except,  perhaps,  the  affection  of  the  face.  Commence- 
ment during  childhood  is  also  of  great  weight.  It  is  most  unlikely  that 
progressive  muscular  atrophy,  beginning  under  ten,  is  of  spinal  origin,  but 
I  have  known  atrophy,  almost  certainly  spinal,  to  commence  at  the  age  of 
fourteen.  The  peculiar  affection  of  the  zygomatic  muscles  is  very  charac- 
teristic, but  we  cannot  yet  say  that  it  is  pathognomonic  (see  note  on  p.  396), 
and  the  affection  of  the  lips  must  be  carefully  distinguished  from  that  due 
to  the  bulbar  palsy  so  commonly  associated  with  spinal  atrophy.  Of  the 
distribution  of  the  wasting,  that  of  the  latissimus  and  lower  half  of  the 
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pectoralis,  and  the  escape  of  the  hand  muscles,  are  the  most  important 
characteristics,  but  they  are  not,  by  themselves,  conclusive,  since  they  are 
sometimes  met  with  in  spinal  atrophy. 

Other  most  important  distinctions  between  spinal  and  idiopathic  atrophy 
depend  upon  the  symptoms  of  the  former,  which  are  absent  in  the  latter. 
Among  these  are  the  affection  of  the  tongue,  palate,  and  larynx,  the  com- 
mencement of  atrophy  in  the  hands,  and  the  excess  of  the  knee  jerk  which 
results  from  lateral  sclerosis.  The  latter  is  a  conclusive  indication  of  spinal 
disease,  and  therefore  renders  the  spinal  origin  of  the  atrophy  all  but  certain. 
The  distinction  from  the  pseudo-hypertrophic  form  has  been  already  con- 
sidered in  the  account  of  this  disease. 

Prognosis. — The  extreme  variations  in  the  course  of  the  disease  render 
tne  prognosis  in  any  individual  very  uncertain.  Unfortunately,  recovery 
from  atrophy  that  has  actually  occurred  cannot  be  anticipated,  but  on  the 
other  hand,  the  disease  may  remain  limited  to  its  first  seat,  or  may  not 
involve  other  parts  until  after  many  years.  In  a  considerable  number  of 
cases,  perhaps  one-half,  the  malady  has  not  appeared  to  shorten  life.  Even 
in  cases  that  begin  during  youth  it  is  therefore  possible  that  the  patient  may 
reach  old  age. 

Treatment. — It  is  not  yet  clear  that  idiopathic  muscular  atrophy  can  be 
influenced  by  treatment  in  any  considerable  degree.  Most  published  records 
of  cases  are  almost  silent  on  the  subject,  and  the  disease  is  so  rare  that  few 
individuals  have  an  opportunity  of  forming  an  opinion.  It  might  be  assumed 
that  the  essential  cause  of  the  disease,  a  congenital  tendency,  withdraws  it 
from  the  range  of  therapeutics.  But  the  course  of  the  malady  is  very  different 
from  that  of  some  other  diseases  which  own  a  similar  cause.  The  extreme 
variations  in  the  date  of  onset,  the  fact  that  the  disease  may  not  be  manifested 
until  late  in  life,  and  the  long  period  that  may  intervene  between  its  onset' 
and  extension,  all  suggest  that  other  influences  cooperate  with  the  congenital 
tendency  in  determining  the  development  of  the  malady.  It  is  quite  possible, 
therefore,  that  the  first  inference  from  the  history  of  the  disease  may  not  be 
altogether  correct,  although  it  must  be  admitted  that  we  have  not  as  yet 
any  evidence  that  the  disease  is  susceptible  of  influence  from  drugs.  Electrical 
treatment  and  massage  have  been  thought  to  do  good  and  even  to  arrest  the 
disease  (Erb),  but  the  variable  tendency  of  the  malady  renders  the  evidence 
of  arrest  insufficient.  If  voluntary  exercise  is  practicable,  this  is  a  far  more 
efficient  stimulus  to  muscular  growth  than  any  electrical  application,  and  it 
is  probable  that  such  exercise,  carefully  persevered  in,  may  do  something  to 
prevent  the  occurrence  of  the  malady  in  those  predisposed  to  it,  and  even 
to  retard  its  progress  in  those  who  are  already  attacked.  In  this  connection 
it  is  noteworthy  that  very  few  of  the  sufferers  have  been  engaged  in  occupa- 
tions that  involve  active  muscular  exertion.  Over-exertion  should,  however, 
be  carefully  avoided.  The  general  health  should  be  attended  to,  and  any 
defect  removed  as  speedily  as  possible,  both  in  those  who  suffer  and  in  those 
who  are  related  to  sufferers,  since,  as  we  have  seen,  depressing  influences 
may  apparently  excite  the  development  of  the  disease,  and  it  is  therefore 
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reasonable  to  suppose  that  they  may  accelerate  its  progress,  and  lessen  any 
tendency  there  may  be  for  the  morbid  process  to  become  stationary. 

MUSCULAR   HYPERTROPHY. 

The  occurrence  of  a  true  hypertrophy  of  muscles,  as  a  condition  of  disease, 
is  exceedingly  rare.  In  most  cases  in  which  the  muscles  are  enlarged,  the 
increase  in  size  is  due  to  a  growth  of  interstitial  tissue,  fatty  or  fibrous,  such 
as  has  been  described  in  the  chapter  on  pseudo-hypertrophic  paralysis.  We 
have  seen  that  muscular  fibres  larger  than  normal  have  been  met  with  in  that 
disease,  and  also  in  some  muscles  of  normal  or  increased  size  in  cases  in 
which  other  muscles  were  simply  atrophied.  But  this  increase  in  size  has 
been  met  with  only  in  excised  fragments,  and  it  is  possible  that  the  condition 
may  have  been  due  to  a  vital  contraction  excited  by  the  process  of  excision. 
The  same  ground  of  doubt  exists  in  all  cases  in  which  a  true  hypertrophy 
has  been  described ;  the  fact  rests  upon  observations  made  on  excised 
fragments,  and  has  not  yet  been  observed  after  death.* 

The  condition  has  been  found  in  the  singular  malady  described  in  the 
next  section  (Thomsen's  disease).  It  has  also  been  met  with,  in  very  rare 
instances,  as  a  widespread  or  partial  condition,  usually  associated,  strange 
to  say,  with  either  diminished  power  or  with  a  morbid  readiness  of  fatigue. f 
The  muscles  most  frequently  affected  have  been  those  of  the  shoulder  and 
upper  arm,  or  of  the  thigh  and  calf,  on  one  side  or  on  both.  It  has  also 
been  observed  in  the  glutei,  spinal  muscles,  and  trapezii.  The  causes  are 
obscure,  but  it  has  been  ascribed  to  over-exertion.  The  diameter  of  the 
fibres  has  been  increased  to  double  the  normal  size,  a  maximum  of  -^ 
inch  having  been  met  with  (Eulenberg),  whereas  the  normal  maximum  may 
be  taken  as  ^^  inch.  An  increase  of  the  nuclei  has  been  observed,  without 
any  overgrowth  of  the  interstitial  tissue. 

The  condition  is  manifested  by  an  increase  in  the  size  of  the  muscles, 
which  are  also  firm.  The  circumference  of  the  limb  is  greater  than  normal, 
and  when  the  change  is  unilateral,  the  difference  between  the  limbs  of  the 
two  sides  may  be  very  striking.  The  maximum  circumference  of  the  calf 
has  been  as  much  as  seventeen  inches.     The  muscles  are  soon  exhausted, 

*  Since  the  above  was  written,  the  doubt  there  expressed  has  been  confirmed  by  an 
observation  made  for  me  by  Dr.  H.  R.  Spencer.  A  fragment  of  the  gastrocnemius  of  an 
amputated  leg  was  excised  immediately  after  the  amputation,  and  the  fibres  were  compared 
with  those  of  the  muscle  twenty-one  hours  later.  In  order  to  ascertain  more  definitely 
whether  a  vital  contraction  persisted  as  an  apparent  increase  in  size,  a  part  of  the  excised 
fragment  was  separated  and  faradized.  The  average  size  of  the  fibres  in  the  muscle  was 
jin  incni  in  the  fragment  excised  ^  inch,  in  the  fragment  faradized  ^\7  inch.  Since  the 
division  of  the  nerve  during  the  amputation  may  have  caused  some  contraction,  it  is  possible 
that  the  difference  in  size  produced  by  excision  may  be  even  greater  than  these  figures 
represent 

f  Auerbach,  Virckow's  Archiv,  Bd.  53,  pp.  234  and  397;  Berger,  Deut.  Archiv  f.  klin. 
Med.,  Bd.  9, 1872,  p.  363 ;  Friedreich, "  Ueber  Prog.  Muskelatrophie,  etc.,"  1873;  Eulenberg, 
"  Real-Encyclopadie,"  Bd.  ix,  p.  354. 
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and  have  been  weak  in  some  cases,  while  in  others  there  has  been  abnormal 
strength  for  brief  exertion.  The  electrical,  mechanical,  and  myotatic  irri- 
tability of  the  muscles  has  usually  been  found  normal. 

The  disease  may  be  suspected  if  a  marked  increase  in  size  in  an  adult  is 
accompanied  by  impaired  power  of  sustained  exertion ;  if  the  muscles  are 
firm,  and  the  patient  does  not  manifest  other  indications  of  pseudo-hyper- 
trophic  paralysis.  The  diagnosis  can,  however,  only  be  made  with  certainty 
by  the  microscopical  examination  of  an  excised  fragment.  The  meagre 
facts  regarding  the  course  of  the  disease  suggest  that  it  usually  persists  without 
getting  either  better  or  worse.  Treatment  appears  to  have  but  little  influence 
upon  it. 

A  singular  case  has  been  reported  by  Eulenberg,*  which  differs  in  many 
particulars  from  the  form  of  disease  above  described  and  illustrates  the 
complex  relations  of  enlargement  of  the  muscular  fibres  and  its  connection 
with  degenerative  processes.  A  man  aged  thirty-six  presented  an  enormous 
enlargement  of  the  muscles  of  the  left  leg,  which  were  soft  and  flabby  and 
weak,  with  lowered  irritability.  The  condition  had  slowly  developed  after 
a  fall  on  the  back  at  ten,  which  caused  imperfect  paraplegia,  motor  and 
sensory.  A  year  later,  during  pleurisy,  he  had  thrombosis  of  the  left  femoral 
vein.  In  an  excised  fragment  of  the  gastrocnemius  the  muscular  fibres  were 
large,  the  maximum  being  -j-J-g-  of  an  inch,  and  presented  fatty  and  vitreous 
degeneration,  and  fat  was  seen  between  the  fasciculi.  The  muscles  of  the 
other  leg  were  somewhat  wasted,  but  the  fibres  were  also  enlarged  and 
degenerated.  It  would  appear  as  though  the  condition  had  resulted  from  a 
traumatic  lesion  of  the  spinal  cord,  and  had  been  intensified  in  the  left  leg 
by  the  influence,  of  the  thrombosis  and  resulting  vascular  disturbance. 


THOMSEN'S  DISEASE. 

The  malady  thus  designated  may  be  considered  here,  notwithstanding  the 
obscurity  of  its  nature,  because  it  has  at  least  these  points  in  common  with 
the  disease  last  described,  that  the  symptoms  are  muscular  and  that  the  dis- 
ease is  commonly  congenital  and  occurs  in  families.  It  has  been  named 
after  the  physician  whose  description  gained  for  it  general  notice,  and  who 
is  himself  its  subject,  but  it  had  been  previously  described  by  Leyden,  and 
hinted  at,  long  ago,  by  Sir  Charles  Bell.f 

The  disease  is  characterized  by  a  peculiar  rigidity  of  the  muscles,  which 
comes  on  when  they  are  first  put  in  action  after  a  period  of  rest.     The 

*  Deutsch.  Med.  Wochenschrift,  i88$,  No.  12. 

f  The  most  important  papers  on  the  disease  are  those  of  Leyden,  Klinik  der  Rucken- 
markskr,,  1874,  Bd.  i,  p.  128  ;  Thomsen,  Arch.  f.  Psychiatrie,  Bd.  6,  1876,  p.  702,  and 
Centralbl.  f.  Nervenkr.,  1885,  p.  193;  Bernhardt,  Virchow'sArchiv,  Bd.  75,  1879,  p.  516, 
and  Centralblatt  f.  Nervenkr.,  1885,  p.  122;  Ballet  and  Marie,  Archives  de  Neurologie, 
1883,^0.  13;  Mobius,  Schmidt's  Jahrb*,  Bd.  198,  1883;  Ringer  and  Sainsbury,  Lancet, 
1884,  PP-  767,  816,  and  860.  The  mention  of  the  symptoms  by  Sir  Charles  Bell  is  at  p.  436 
of  his  "  Nervous  System,"  Case  184,  "Affection  of  the  Voluntary  Nerves." 
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rigidity  is  transient,  and  when  it  has  passed  off  it  does  not  return  as  long  as 
exertion  is  continued.  The  malady  is  usually  congenital  and  often  heredi- 
tary, affecting  many  members  of  the  same  family.  In  that  of  Thomsen, 
cases  can  be  traced  through  five  generations.  It  appears  to  be  more  com- 
mon in  Scandinavia  and  Germany  than  in  France  and  England,  but  it  is 
a  rare  disease ;  only  about  thirty  instances  have  been  recorded,  and  it  is 
probable  that  these  are  all  the  cases  in  which  the  affection  has  been  recog- 
nized. At  the  same  time  there  is  little  to  attract  attention  in  the  slighter 
forms  of  the  disease,  and  it  may  ultimately  be  found  to  be  less  rare  than  at 
present  it  appears  to  be. 

Both  sexes  suffer.  In  most  cases  the  symptoms  have  been  first  noted  in 
early  childhood,  at  four  or  five  years  of  age,  sometimes  even  in  the  cradle. 
They  increase  during  the  period  of  muscular  development,  and  then  remain 
stationary.  In  a  few  instances  the  patient  has  seemed  free  until  about  the 
period  of  puberty,  but  even  in  such  instances  it  is  probable  that  the  disease 
is  congenital  in  origin,  although  its  manifestation  is  deferred,  since  the  cases 
have  occurred  in  families,  other  members  of  which  have  suffered  earlier. 
But  in  a  few  cases  symptoms  apparently  identical  with  those  of  the  congeni- 
tal disease  have  come  on  in  early  manhood  after  some  exciting  cause,  in 
one  case  a  lightning  stroke,  in  another  a  sudden  alarm.  *  In  such  cases  the 
disease  has  been  apparently  acquired. 

The  characteristic  symptom  is  tonic  spasm  of  the  muscles  when  they  are 
put  in  action  after  a  period  of  rest.  As  soon  as  the  patient  attempts  to  move, 
the  muscles  become  rigid.  The  rigidity  may  make  movement  impossible, 
while  it  lasts,  or  may  merely  lessen  the  possible  range  of  movement.  After 
a  few  minutes  or  less  the  spasm  passes  away,  to  be  renewed,  but  in  slighter 
degree,  by  a  fresh  attempt,  and  if  the  movements  are  persevered  in,  the 
spasm,  in  a  few  minutes,  becomes  trifling,  and  does  not  return  until  after 
rest ;  the  individual  can  walk  for  hours  without  fatigue  when  the  spasm  has 
passed  off.  The  rigidity  is  always  increased  by  attention  and  by  nervous 
apprehension  of  it,  and  the  more  the  sufferer  tries  to  overcome  the  stiffness, 
the  less  he  is  able  to  do  so.  In  a  severe  case,  a  slight  impulse  will  make  the 
person  fall,  and  it  may  then  be  impossible  for  him,  for  some  minutes,  to  rise 
from  the  ground.  The  arms  are  usually  less  affected  than  the  legs,  but  in 
some  cases  the  rigidity  fixes  the  fingers  for  a  short  time  on  an  attempt  to  use 
the  hand.  The  muscles  of  the  face  are  usually  free ;  mastication  may,  how- 
ever, be  interfered  with  by  the  spasm  in  the  muscles  of  the  jaw.  Rarely  the 
tongue  has  been  affected ;  still  more  rarely  the  muscles  of  the  eyeball. 
Sometimes  the  spasm  is  greater  on  one  side  of  the  body  than  on  the  other. 
The  muscles  are  always  well  nourished ;  they  are  often,  indeed,  above  the 
normal  size,  and  possess  more  than  normal  strength.  Thomsen  believes 
that  the  more  the  muscles  are  habitually  used,  the  less  severe  is  the  spasm, 
and  that  a  life  of  active  exertion  produces  some  permanent  amelioration  in 

*Engel,  Phil.  Med.  Times,  1883,  p.  412;    SchSnfeld,  Berlin  med.    Wochenschr.,  1883, 
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the  disease.  It  is,  however,  a  source  of  some  disability  and  of  considerable 
annoyance;  in  the  words  of  Thomsen,  "  it  casts  a  shadow  over  the  lives  of 
the  sufferers. ' ' 

Careful  investigations  of  the  muscular  phenomena  have  been  made  by 
several  observers,  and  that  by  Erb  is  especially  instructive.  In  his  case  a 
single  brief  effort  caused  tonic  contraction  which  lasted  for  twenty-five 
seconds.  Momentary  electrical  stimulation  of  the  nerves  caused  only  a 
momentary  contraction  of  the  muscles,  but  continued  stimulation  caused  a 
prolonged  contraction  similar  to  that  excited  by  the  will.  In  certain  mus- 
cles, moreover,  an  unbroken  current  caused  peculiar  wave-like  contractions, 
about  one  per  second,  passing  from  the  negative  to  the  positive  pole.  Any 
strong  stimulation  of  the  muscle  itself  caused  a  similar  after-contraction. 
The  irritability  of  the  nerves  was  normal,  but  the  voltaic  excitability  of  the 
muscles  was  unduly  great,  and  they  were  remarkably  sensitive  to  mechanical 
stimulation.  Firm  pressure  caused  a  tonic  contraction  lasting  from  twelve 
to  twenty  seconds. 

Pathology. — Of  the  morbid  anatomy  of  the  disease  we  know  only  that 
the  muscular  fibres,  in  excised  fragments,  have  been  normal  in  aspect  in 
some  cases,  but  in  others,  especially  that  observed  by  Erb,  many  fibres  have 
been  seen  exceeding  the  normal  maximum  in  size.  The  minimum  fibres 
were  the  same  size  as  in  health,  but  the  largest  were  twice  as  large  as  any 
met  with  in  normal  muscle. 

The  manifestation  of  the  disease  is  in  a  disorder  of  the  functions  of  the 
muscles,  and  most  writers  on  the  subject  have  followed  Leyden  in  regarding 
the  malady  as  essentially  muscular  in  nature,  as  consisting  in  an  altered 
functional  condition  of  the  muscular  tissue.  This  opinion  is  strongly  sup- 
ported by  the  frequent  alteration  in  electrical  excitability,  which  can  hardly 
be  otherwise  interpreted  than  as  an  indication  of  a  change  in  the  mode  of 
action  of  the  contractile  muscular  protoplasm.  This  opinion  is  supported, 
also,  by  the  interesting  experiments  of  Ringer  and  Sainsbury,  who  found 
that  certain  salts,  such  as  sodium  phosphate,  are  capable  of  causing  in  the 
frog  tonic  spasm  bearing  considerable  resemblance  to  that  of  Thomsen's 
disease,  and  that  such  spasm  persists,  not  only  after  the  nerve  has  been 
divided,  but  after  the  intra-muscular  nerve  endings  have  been  polarized  by 
curara.  Although  this  fact  does  not,  of  course,  prove  that  Thomsen's  dis- 
ease is  muscular  in  nature,  it  shows  that  a  similar  condition  may  have  its 
origin  solely  in  the  muscles,  and  it  harmonizes  with  the  indications  afforded 
by  the  muscular  irritability  in  this  disease.  But  a  proof  that  there  is  a 
derangement  of  the  function  of  the  muscles  is  no  proof  that  this  is  the  sole 
element  in  the  disease,  and  that  it  is  not  is  at  least  suggested  by  two  other 
facts.  First,  the  disease  has  apparently  resulted,  in  rare  cases,  from  morbid 
influences  acting  on  the  nervous  system  in  adult  life,  and,  secondly,  in  the 
congenital  cases,  the  spasm  is  increased  by  emotion.  Wide  as  is  the  differ- 
ence between  the  muscular  and  nervous  tissues,  we  must  remember  that  they 
have  some  conditions  in  common.  The  dependence  of  the  nutrition  of  the 
muscles  on  that  of  the  motor  nerve  fibres  and  cells  is  a  very  remarkable  fact, 
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and  so  also  is  the  functional  activity  of  the  cells  and  fibres  in  causing  a  simi- 
lar condition  in  the  muscular  tissue.  To  say  that  the  two  structures  are 
connected  is  hardly  an  explanation  of  the  fact.  Whatever  is  the  nature  of 
the  relation  between  them  it  is  at  least  conceivable  that  an  abnormal  func- 
tional state,  congenital  in  nature,  may  be  common  to  the  two,  and  that  the 
peculiar  over-action  in  the  muscles  may  be  accompanied  by  a  similar  over- 
action  in  the  ganglion  cells  of  the  cord,  and  even  in  the  pyramidal  cells  of 
the  cortex.  It  is  even  conceivable  that  the  condition  of  the  nerve  cells 
may  be  the  primary  change,  and  that  of  the  muscles  may  be  secondary, 
although,  when  produced,  it  is  in  some  degree  independent,  and  'may  be 
excited  independently  by  local  stimulation.  Such  a  theory  enables  us  to 
understand  the  two  facts  above  mentioned,  the  influence  of  emotion  and 
the  acquisition  of  the  disease,  each  of  which  seems  to  be  inconsistent  with 
a  purely  muscular  pathology. 

Treatment. — No  treatment,  properly  so  called,  appears  to  exert  any 
influence  on  the  disease.  The  congenital  malady  persists  through  life ;  in 
the  cases  in  which  a  similar  condition  has  apparently  been  acquired,  it  has 
also  been  persistent.  The  only  influence  that  has  appeared  to  Thomsen  to 
ameliorate  the  condition  is  a  life  of  active  muscular  exertion. 

Under  the  name  of  Congenital  Paramyotone  Eulenberg  has  described  *  a 
strange  family  affection  allied  to  Thomsen's  disease  in  its  general  character, 
although  differing  very  much  in  its  special  features,  and  equally  obscure  in 
nature.  The  malady  was  widely  spread  in  the  affected  family,  and  could  be 
traced  through  six  generations,  but  appears  now  to  be  dying  out.  Its  con- 
genital character  was  shown  not  only  by  its  multiplicity,  but  also  by  the 
fact  that  in  some  individuals  it  was  manifested  immediately  after  birth. 
The  symptom  was  tonic  spasm,  lasting  from  a  quarter  of  an  hour  to  several 
hours,  excited  chiefly  by  cold,  although  often  by  merely  slight  cold.  The 
rigidity  was  followed  for  a  time  by  weakness.  The  facial  muscles  were  very 
prone  to  become  thus  rigid,  especially  the  orbiculares  palpebrarum  and  oris, 
and  while  the  contraction  lasted  the  patient  was  often  unable  to  speak  or  to 
open  the  eyes.  The  rigidity  was  slighter  in  the  legs  than  in  the  arms,  but 
the  subsequent  weakness  was  equally  marked.  Warmth  removed  the  spasm. 
There  was  no  persistent  loss  of  power,  and  no  increase  of  mechanical  irrita- 
bility. The  electrical  excitability  of  the  nerves  was  normal ;  that  of  the 
muscles  was  lowered  to  each  current,  and  there  was  an  abnormal  tendency 
to  tetanic  contraction  during  the  passage  of  the  current.  Eulenberg  specu- 
lates that  the  symptoms  may  be  due  to  reflex  vaso-motor  spasm  in  the  mus- 
cles, because  the  diminution  of  the  blood  supply  to  muscles  renders  them 
weak ;  but  it  is  clearly  equally  possible  that  the  two  certain  phenomena,  the 
sensory  impression  and  the  muscular  contraction,  may  be  directly  con- 
nected. 

*  Neurologisches  Centralblatt,  1886,  p.  265. 
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TUMORS  OF  THE  SPINAL  CORD. 

Morbid  growths  within  the  spinal  canal  may  spring  from  the  membranes 
or  may  grow  in  the  substance  of  the  cord  itself.  The  difference  in  seat 
entails  some  difference  in  symptoms,  but  it  is  nevertheless  convenient  to 
consider  the  two  classes  together,  because  they  have  many  symptoms  in 
common,  and  it  is  often  impossible  to  carry  the  diagnosis  farther  than 
the  existence  of  an  intra-spinal  tumor. 

Etiology. — Of  the  diathetic  conditions  which  give  rise  to  tumors  else- 
where, only  two — syphilis  and  tubercle — are  effective  in  causing  growths 
which  commence  with  the  spinal  canal.  Parasitic  tumors  occur,  due  to  the 
same  influences  which  produce  them  in  other  situations.  A  few  rare  growths 
appear  to  be  congenital  in  origin,  due  to  the  development  of  germinal  tissue 
in  an  abnormal  position.  Of  the  causes  of  other  forms  of  tumor  we  know 
practically  nothing.     Injuries,  such  as  a  blow  on  the  spine,  have  been  sup- 
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Myo-lipoma  of  the  spinal  cord.  A,  transverse  section  of  the  tumor  and  of  the  conus  medullaris  of  the 
spinal  cord,  to  which  the  growth  was  attached,  and  of  which  the  gray  matter  is  represented  by  the 
dotted  shading,  cm.  n,  sections  of  nerve  roots  partly  enclosed  in  the  tumor  ;  m,  bundles  of  mus- 
cular fibres.  B,  part  of  the  tumor  more  highly  magnified,  showing  the  fat  cells  of  which  it  was 
chiefly  composed ;  p.  m.  pia  mater  of  the  cord,  of  which  /.  c.  is  part  of  the  lateral  column  C,  part 
of  the  tumor,  still  more  magnified,  showing  striated  muscular  fibres,  fibrous  tissue,  and  fat  cells  (see 
also  Fig.  149,  p.  389).    The  tumor  had  caused  no  symptoms. 

posed  to  be  occasional  causes,  and  their  influence'  in  rare  instances  has 
seemed  possible,  but  the  evidence  is  not  so  strong  as  it  is  in  the  case  of 
tumors  in  some  other  situations.  In  many  cases  the  first  symptoms  have 
immediately  followed  some  exposure  to  cold  and  wet,  and  it  seems  probable 
that  this  influence  may  have  excited  secondary  processes  in  the  nerve  ele- 
ments which  were  already  deranged  by  the  growth,  but  it  can  have  had  no 
share  in  the  production  of  the  growth  itself. 

Pathological  Anatomy. — The  growths  within  the  spinal  canal  may 
develop  outside  the  dura  mater,  inside  the  dura  mater,  or  within  the  sub- 
stance of  the  cord.  The  extra-dural  tumors  may  spring  from  the  membrane, 
or  from  the  tissue  between  the  membrane  and  the  bone,  or  may  grow  into 
the  canal  from  the  outside,  through  the  intra-vertebral  foramina.  Subdural 
tumors  may  proceed  from  the  inner  surface  of  this  membrane,  from  the 
arachnoid,  or  from  the  pia  mater  (Fig.  157).    The  growths  in  the  cord  may 
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Fig.  156.— Tumor  growing  from  the  inner  surface  of  the  dura  mater,  and  compressing  the  spinal  cord  in  1 
mid-dorsal  region.  The  tumor,  3  cm.  long,  was  a  sarcoma  in  which  the  cells  were  arranged  in  concern 
groups,  the  centres  of  which  had  undergone  calcification.  The  spina  cord  was  softened  and  dark  in  tint 
the  compressed  part.*    {After  Lancereaux.) 

Fig.  157.—  Sarcoma  growing  between  the  arachnoid  and  pia  mater  in  the  mid-dorsal  region  of  the  cord.  'I 
tumor  had  sprung  from  the  meshes  of  the  arachnoid,  and  was  only  slightly  adherent  to  the  pia  mar 
The  spinal  cord  was  compressed  and  softened.  In  the  figure  the  dura-matral  sheath  has  been  laid  op 
except  at  the  top,  and  the  arachnoid  has  been  opened  over  the  lower  half  of  the  tumor  which,  5  cm.  lo 
lies  on  the  posterior  and  (right)  lateral  aspect  of  the  cord.f    {After  Lancereaux.) 

Fig.  158.— A  tumor  (T)  growing  from  the  dura  mater,  and  compressing  the  right  side  of  the  spinal  coriat 
origin  of  the  4th,  5th  and  6th  cervical  nerves.  The  tumor  was  a  spindle-celled  sarcoma  springing  from 
arachnoid.J    {After  Leyden.)   • 

Fig.  159. — Tumor  of  dura  mater  opposite  the  upper  part  of  the  lumbar  enlargement,  composing  nerve  re 
and  spinal  cord.     {From  a  preparation  in  University  College  Museum.    Drawn  by  Dr.  H.  R.  Spend 

*  The  patient  was  a  woman  seventy-one  years  of  age,  paraplegic,  with  strong  flexor  c< 
tracture  of  the  legs,  loss  of  power  over  the  sphincters,  and  considerable  impairment,  but  1 
absolute  loss,  of  sensibility.  The  symptoms  came  on  gradually  six  years  before  dea 
(Lancereaux,  "  Atlas  d'Anat.  Path.''  p.  444.) 

f  The  patient  was  a  woman  twenty-eight  years  of  age.  The  first  symptom  was  pain  ra 
ating  over  the  upper  part  of  the  abdomen  on  the  right  side,  and  afterward  extending  to 
leg  and  to  the  left  side.  After  a  few  months,  weakness  of  the  legs  gradually  came  on,  a 
became  absolute,  with  loss  of  sensation  and  of  power  over  the  sphincters.  Extensive  b 
sores  were  the  immediate  cause  of  death,  which  occurred  eighteen  months  after  the  om 
(Lancereaux,  "  Atlas,"  p.  447.) 

%  The  patient  was  a  man  aged  thirty-five.  At  twenty-eight,  pain  commenced  in  the  ri 
forearm,  and  continued,  intermitting  for  some  years,  until,  at  thirty- four,  it  extended  throi 
the  whole  arm  to  the  heck  beside  the  spine,  where  it  was  increased  by  movement.     Simi 
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spring  from  the  pia  mater,  or  may  develop  in  the  substance  of  the  cord. 
They  sometimes  proceed  from  the  peculiar  tissue  which  surrounds  the  cen- 
tral canal. 

The  forms  of  extra-dural  tumors  are  lipoma,  from  an  overgrowth  of  the 
fat  which  normally  exists  between  the  membranes  and  the  bone,  and  para- 
sitic tumors,  chiefly  echinococci.  Both  are  rare.  Growths  may  also  spring 
from  the  bones  or  intervertebral  tissue,  enchondroma,  sarcoma,  and 
cancerous  tumors,  but  these  have  been  already  considered.  Far  more  fre- 
quent are  collections  of  inflammatory  products  from  bone  disease,  but  these 
do  not  come  into  the  category  of  morbid  growths. 

The  tumors  which  begin  with  the  dura-matral  sheath  are  chiefly  syphilo- 
mata,  sarcomata,  and  myxomata,  sometimes  containing  cysts  or  "brain 
sand."  Tubercular  and  parasitic  tumors  are  rare,  but  both  echinococci  and 
cysticerci  have  been  met  with,  developing  in  the  meshes  of  the  arachnoid. 
Fatty  tumors  have  been  found  in  a  few  instances.  Fig.  155  represents  a 
probably  unique  tumor,  a  myo-lipoma,  consisting  of  fatty  tissue  and  striated 
muscular  fibres,  which  had  grown  from  the  pia  mater  or  meshes  of  the  arach- 
noid, and  was  no  doubt  congenital.  Neuromata  may  occur  on  the  nerve 
root,  and  may  compress  the  cord. 

The  growths  within  the  substance  of  the  cord  itself  are  more  diverse  in 
character.  Syphiloma  and  glioma  are  the  most  common;  sarcomata,  myxo- 
mata, and  tubercular  tumors  also  occur.  A  cysticercus  has  once  been  met 
with.  Some  growths  have  a  compound  character,  and  have  been  termed 
myxo-sarcoma,  glio-sarcoma,  and  fibro-sarcoma.  Sarcomata  and  gliomata 
are  sometimes  very  vascular,  and  such  growths  have  been  termed  "angio- 
sarcoma" and  "angio-glioma."  It  is  far  more  common  for  the  tumor  to 
spring  from  the  pia  mater  or  from  the  peri-ependymal  tissue  around  the 
canal,  than  for  it  io  begin  among  the  nerve  structures. 

Extra-dural  growths  are  always  single ;  those  within  the  dura  mater  are 
often  single,  but  sometimes  two  or  three  coexist,  and  neuromata  or  sarco- 
mata on  the  nerve  roots  are  often  multiple.  Tumors  within  the  spinal  cord 
are  usually  single,  but  occasionally  more  than  one  growth  is  found,  espe- 
cially when  the  tumors  are  tubercular. 

The  size  attained  by  growths  outside  the  cord  is  necessarily  moderate  in 
consequence  of  the  limitation  of  the  space  in  which  they  grow.  They  vary 
from  the  size  of  a  pea  to  a  width  of  one  and  a  length  of  two  inches,  which  is 
rarely  exceeded,  and  chiefly  by  extra-dural  tumors.  Those  that  develop  from 

pain  then  catne  on  in  the  left  arm.  Then  followed  weakness  in  the  right  arm,  slight  spasm  in 
the  right  leg,  and  tingling  in  the  left.  The  arm  became  almost  powerless  and  wasted,  the 
right  leg  weak,  and  flexion  of  the  neck  caused  severe  local  pain.  These  symptoms  continued 
and  increased,  and  pain  in  the  left  leg  came  on.  The  cervical  spine  became  tender,  and 
movement  of  the  head  to  the  right  was  limited.  Then  both  legs  became  weak,  and  sensi- 
bility was  lost  as  high  as  the  nipples.  The  paraplegia  became  absolute,  bedsores  formed, 
and  the  patient  died  seven  years  after  the  onset  of  the  symptoms.  Softening  of  the  spinal 
cord  extended  down  into  the  dorsal  region.  (Leyden,  Klin,  der  Riickenmarkskr.,  Bd.  i,  p. 
45°) 
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the  pia  mater  are  usually  smaller  than  those  that  spring  from  the  dura  mater 

Multiple  tumors  on  the  nerve  roots  are  generally  small.     Adhesions  oftei 

form  between  the  growth  and  the  membrane  from  which  it  does  not  arise 

The  tumor  compresses  the  nerve  roots  and  the  spinal  cord  (Figs.  156,  159"; 

The  compression  produced   by  tumors  within  the  dura    mater  is  alwaj 

greater  than  that  by  tumors  outside  this  membrane.    The  amount  of  pressur 

is  proportioned  to  the  size  of  the  tumor  and  its  consistence.     A  soft  growt 

outside  the  sheath  may  attain  a  considerable  size,  and  even  extend  throug 

the  intervertebral  foramina,  without  exerting  much  pressure  on  the  cord  itsel 

At  the  compressed  part  the  cord  is  narrowed  and  softened,  usually  indente 

or  flattened,  because  the  pressure  is  either  from  one  side,  from  the  front,  < 

from  the  back.     Rarely  the  degree  of  pressure  is  so  great  that  the  cord 

narrowed  to  the  size  of  a  crow-quill,  and  it  has  even  been  apparently  inte 

rupted  at  the  spot,  the  upper  and  lower  portions  being  conical  and  the 

pointed  extremities  connected  only  by  membranous  tissue.     The  softenir. 

of  the  cord  depends  on  inflammation,  the  "  pressure  myelitis  "  described  : 

a  preceding  chapter  (p.  248),  and  it  presents  the  tissue  changes  that  hv 

-  been  there  enumerated.     As  a  rule,  the  spinal  cord  is  not  invaded  by 

growth  that  develops  outside  it,  even  if  this  begins  in  the  pia  mater. 

The  growths  that  involve  the  caui 
FlG  l6o  FlG.  l6l.  equina  often  attain  a  larger  size  ths 

those  that  occur  higher  up,  because  tr 
part  of  the  vertebral  canal  is  large,  at 
the  nerve  roots  occupy  but  a  small  pj 
of  it.  Most  tumors  in  this  situation  a 
sarcomata  or  fibro-sarcomata.  Th 
usually  spring  from  the  tissue  of  t 
arachnoid  and  often  surround  ai 
include  the  nerves  (Fig.  160),  t 
amount  of  damage  to  which  is  ve 
variable. 

Multiple  tumors  outside  the  cord  1 
sometimes  very  numerous.  They  ; 
usually  sarcomata  and  spring  from  I 
membranes  and  sheaths  of  the  nerv 
They  are  various  in  size,  ranging  fn 
that   of  a  hazel  nut  to   that  of  a  pi 

Fig.  160. — Tumorof  the  Cauda  equina  surrounding  i        j  j  „_     „w,_il    „--„.il,c 

and  enclosing  many  of  the  nerve  roots.    The  head,  and  many  very  small  growths, 

cord  itself  was  unaffected.     The  structure  of  the       r. *4.«„„,4   n«nnw  t],Q  «oi-,rpc  nf 

tumor  was  that  of  a  nhro-sarcoma*  often  scattered  among  the  nerves  ot 

Fig.  161. — Neuromata  of  the  cauda equina.  {After      „     j„    rt ■    „         t„     „„-«-     rwM    rtf   t 

Lancereaux.)     The   growths   ha3    apparently  Cauda    equina.       In    Some    cases    Ot    1 

given  rise  to  no  symptoms.  character  similar  growths  have  exis 

in  the  cerebral  membranes. 


*  The  patient  was  a  man  aged  twenty-eight,  under  the  care  of  my  colleague,  Dr.  Radcl 
in  the  Queen  Square  Hospital.  The  symptoms  commenced  only  nine  months  before  de 
and  consisted  in  severe  pains  in  the  legs  and  progressive  weakness,  the  power  of  stan< 
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Fig. 162. 


The  tumors  within  the  spinal  cord  are  usually  small,  seldom  exceeding 
half  an  inch  in  diameter,  and  usually  less,  even  when  they  give  rise  to  con- 
siderable impairment  of  function.  But  their  vertical  extent  often  exceeds 
their  transverse  diameter,  and  sometimes  they  grow  through  a  considerable 
extent  of  the  spinal  cord.  Glio- 
mata  and  growths  that  spring  from 
the  central  tissue  are  those  which 
have  most  frequently  a  considerable 
vertical  extent.  A  glioma  has  been 
known  to  reach  from  the  medulla 
oblongata  to  the  lumbar  region. 
The  cord  is  enlarged  at  the  seat  of 
the  tumor,  and  the  precise  character 
of  the  enlargement  depends  on  the 
position  of  the  growth.  In  an  infil- 
trating glioma  the  increase  in  size 
has  been  so  great  that  the  wall  of 
the  foramen  magnum  caused  a  con- 
striction arourjd  the  swollen  cord. 
Often  the  abnormal  color  of  the 
tumor  is  perceptible  on  the  surface. 
The  consistence  of  the  cord  may 
be  lessened  in  soft  growths,  but  the 
tumor  is  commonly  firmer  than  the 
normal  cord,  and  the  difference  is 
frequently  increased  by  softening 
in  the  vicinity  of  the  growth.  If 
the  tumor  reaches  the  surface,  the 
pia  mater  and  arachnoid  may  be 
thickened  at  the  spot,  and  they  may 
even  be  adherent  to  the  dura  mater, 
but  there  is  rarely  any  extension 
of  the  meningitis  to  other  parts.  On  section,  the  growth  is  usually  very 
distinct,  since  its  aspect  contrasts  with  that  of  the  nerve  substance.     Only 

being  lost  about  four  months  after  the  onset.  A  little  power  in  the  flexors  of  the  hips  and 
the  extensors  of  the  knees  persisted  almost  to  the  last,  but  the  knee  jerk  was  lost.  All  the 
muscles  of  the  legs  wasted,  those  below  the  knee  extremely,  and  even  when  the  patient  was 
first  seen  electrical  irritability  was  greatly  lowered  to  both  currents,  without  any  reaction  of 
degeneration.  Tactile  sensibility  was  impaired  in  each  foot  and  lower  leg,  more  in  the  right 
than  in  the  left,  and  chiefly  in  the  region  supplied  from  the  sacral  plexus.  Sensibility  to 
pain  was  not  affected.  The  bladder  was  affected  early,  and,  from  imperfect  evacuation, 
cystitis  and  symptoms  of  pyelo-nephritis  already  existed,  a  catheter  having  never  been  passed. 
The  kidney  disease  continued,  in  spite  of  local  treatment,  and  was  the  immediate  cause  of 
death,  which  was  preceded  by  several  convulsions,  apparently  ursemic.  A  microscopical 
examination  showed  considerable  damage  to  many  nerve  roots  involved  in  the  tumor,  while 
others  had  escaped.  The  muscles  presented  intense  granular  degeneration  with  some  longU 
tudinal  striation,  and  increase  of  the  interstitial  nuclei. 


Tumor  of  spinal  cord,  springing  from  the  tissue  around 
the  central  canal.  A,  upper  part  of  the  tumor  in  the 
middle  of  the  cervical  region  ;  the  growth  is  here  with- 
in the  posterior  commissure.  B,  section  through  the 
largest  part  of  the  tumor,  which  occupies  the  whole 
central  region  of  the  cord.  The  vertical  extent  was  2 
cm.  It  was  a  sarcoma  composed  chiefly  of  spindle 
cells  arranged  in  fasciculi  and  in  concentric  layers.  The 
patient  was  suffering  also  from  a  cerebral  tumor  caus- 
ing hemiplegia,  and  the  spinal  growth,  which  appa- 
rently developed  rapidly  during  the  flnalperiodof  pasy 
and  prostration,  was  not  suspected  during  life. 
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glioma  and  myxoma  may  resemble  the  normal  gray  substance  in  appearanc 
but  the  new  tissue  is  distinct  in  position.  These  tumors  in  some  cases  blei 
with  the  substance  of  the  cord,  but  in  other  cases  they  are  bounded  by  i 
area  of  softening  which  often  isolates  even  invading  growths.  Other  tumc 
may  be  sharply  limited.  It  may  be  difficult  to  say  in  what  structure  t 
tumor  began,  but  this  may  sometimes  be  ascertained  by  an  examination 
the  upper  and  lower  parts,  when  the  growth  is  commonly  limited  to  th 
part  of  the  cord  in  which  it  first  originated.  Thus  in  Fig.  162,  b,  t 
tumor  occupies  a  very  large  area,  although  the  nearly  equal  extent  on  eai 
side  suggests  its  central  origin,  and  this  is  clearly  seen  in  a  section  throuj 
the  upper  part  of  the  growth,  in  which  the  posterior  commissure  can  1 

Fig.  163. 


Syphiloma  in  the  spinal  cord,  occupying  the  position  of  the  posterior  cornu  and 
adjacent  parts  of  the  posterior  and  lateral  columns,  in  the  lower  cervical 
region.  The  tumor  presented  the  usual  combination  of  gray  translucent  and 
yellow  cheesy  areas.  A  second  similar,  but  much  smaller,  tumor  existed 
higher  up.  The  symptoms  were  complicated  by  hemiplegia,  etc.,  of  cerebral 
origin,  due  to  a  gumma  in  the  brain.  Paralysis  with  rigid  flexor  contracture  of 
the  left  arm  and  leg  were  apparently  due  to  the  growth.  The  disease  was  cer- 
tainly syphilitic,  but  it  is  noteworthy  that  it  had  developed  during  continuous 
treatment  by  full  doses  of  iodide,  which  had  entirely  removed  earlier  symp- 
toms, but  to  which  the  system  had  apparently  become  accustomed. 


traced  in  front  and  behind  the  small  area  of  growth,  pointing  to  the  pei 
ependymal  tissue  as  its  source.  Syphilitic  tumors  commonly  originate  fro 
the  pia  mater,  as  they  do  also  in  the  brain,  and  the  membrane  in  the 
vicinity  is  often  thickened.  They  both  invade  and  compress  the  ner 
tissue.  An  instance  of  such  a  gumma  of  the  cord  is  shown  in  Fig.  16 
It  probably  commenced  at  the  furrow  opposite  the  head  of  the  posterii 
cornu,  which  it  has  destroyed,  and  the  pressure  which  it  exerted  is  evidei 
from  the  displacement  of  the' posterior  median  septum.  In  all  forms  1 
tumor  the  central  canal  is  often  obliterated  by  the  pressure  and  may  1 
slightly  dilated  higher  up,  and  this  dilatation  is  especially  common  fro 
growths  that  begin  in  the  peri-ependymal  tissue.     The  considerable  dilat 
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tion  of  the  canal  which  is  termed  "syringomyelia"  is  associated  with  a 
peculiar  growth  in  this  position,  probably  congenital  in  origin ;  it  is 
described  in  another  chapter.  In  other  forms  of  tumor  cysts  occasionally 
develop,  and  hemorrhage  may  occur  into  such  cysts,  or  into  the  softened 
tissue  in  the  vicinity  of  the  tumor,  or  even  in  the  substance  of  a  soft  growth 
itself,  especially  when  this  is  a  glioma.  From  the  region  of  the  growth, 
secondary  degenerations  can  frequently  be  traced  upward  and  downward, 
but  these  are  often  slighter  than  the  apparent  damage  would  suggest,  proba- 
bly by  reason  of  the  remarkable  tolerance  of  the  nerve  fibres  to  pressure  if 
this  is  slowly  developed. 

Symptoms. — The  symptoms  produced  by  tumors  within  the  spinal  canal, 
whether  these  are  within  the  cord  or  outside  it,  resemble  in  their  general  char- 
acters those  which  we  have  already  considered  as  resulting  from  growth  and 
caries  in  the  bones  of  the  vertebral  column.  The  resemblance  is  most  close 
in  the  case  of  extra-dural  growths,  and  least  so  in  that  of  tumors  within  the 
substance  of  the  cord.  The  chief  differences  are  the  relative  preponderance 
of  symptoms  of  irritation  of  the  cord  itself,  and  the  indications  of  a  trans- 
verse extension  of  the  damage  from  one  side  of  the  cord  to  the  other. 

In  the  majority  of  cases  pain  is  a  prominent  symptom  through  the  whole 
course  of  the  disease.  It  is  usually  the  earliest  symptom,  and  is  severe  both 
before  and  after  the  development  of  other  symptoms.  The  pain  may  be  felt 
along  the  course  of  the  nerves  which  arise  at  the  level  of  the  tumor  and  also 
in  the  parts  supplied  by  nerves  below  that  level,  e.  g.,  in  the  legs.  Both 
kinds  of  pain  are  frequently  very  severe,  darting,  stabbing,  rending  in  char- 
acter. Dull  aching  pain  may  be  felt  between  the  attacks  of  severe  pain. 
The  intensity  of  the  suffering  is  usually  so  great  that  it  has  more  than  once 
led  the  unhappy  sufferer  to  attempt  suicide.  The  pains  are  commonly  felt  on 
one  side  first,  in  one  arm,  in  one  side  of  the  trunk  at  a  given  level,  or  in  one 
leg,  and  a  considerable  time  may  elapse  before  they  extend  to  the  other 
side.  Occasionally  the  pain  is  bilateral  from  the  first.  The  pains  are  some- 
times increased  by  movement,  but  rarely  in  the  intense  degree  common  in 
tumors  of  the  bone.  Pain  is  sometimes  felt  in  the  spine  ;  frequently  when 
the  growth  begins  in  the  dura  mater,  rarely  when  it  is  within  the  substance 
of  the  cord.  Tenderness  of  the  spine  often  exists  in  the  former  cases,  but  is 
on  the  whole  a  rare  symptom.  Other  subjective  sensations  may  occur  with 
the  pain  or  in  the  intervals;  "numbness,"  tingling,  formication,  etc.,  and 
they  give  significance  to  the  pains  as  an  indication  of  organic  damage  to  the 
nerve  structures.  The  root  pains  in  the  trunk  are  often  accompanied  by  a 
sense  of  constriction,  which  may  be  very  distressing.  Hyperesthesia  of  the 
skin  often  accompanies  the  pains  felt  at  the  level  of  the  tumor,  less  com- 
monly those  in  the  parts  below. 

Muscular  spasm  is  another  common  symptom,  most  pronounced  when  the 
tumor  springs  from  the  membranes.  There  may  be  some  rigidity  of  the 
back  opposite  the  seat  of  the  growth,  usually  associated  with  local  pain.  It 
is  most  marked  when  the  disease  is  at  the  more  mobile  parts  of  the  spine, 
especially  when  it  is  in  the  cervical  region.     In  such  cases  the  rigidity  may 
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be  painful,  and  the  pain  may  be  increased  by  movement.  Severe  spasm  in 
the  abdominal  muscles  is  often  associated  with  severe  girdle  pain.  Con- 
tractures often  develop  in  the  limbs,  both  in  those  supplied  by  the  nerves 
which  arise  at  the  level  of  the  tumor,  and  are  directly  irritated  by  it,  and 
also,  although  less  commonly,  in  the  parts  supplied  from  the  spinal  cord 
below  the  level  of  the  growth.  Thus  the  tumor  in  one-half  of  the  cord  in 
the  cervical  region  (shown  in  Fig.  163)  caused  persistent  flexor  contracture 
in  the  arm  and  leg  on  the  side  of  the  growth. 

Paralysis  is  almost  invariably  one  of  the  symptoms  produced  by  an  intra- 
spinal tumor.  Its  onset  is  usually  gradual.  Paraplegia  is  the  most  common 
form,  but  all  four  limbs  may  be  paralyzed  by  a  growth  in  the  cervical 
region.  Very  commonly  one  leg  becomes  weakened  before  the  other,  and 
occasionally  arm  and  leg  suffer  before  the  other  side.  Tumors  which  are 
situated  in  the  middle  line  or  in  the  centre  of  the  cord,  however,  usually 
affect  both  sides  at  the  same  time.  The  palsy,  gradual  in  onset,  is  usually 
also  slow  in  its  extension,  the  rate  of  its  increase  depending  on  the  rate  at 
which  the  tumor  grows  and  compresses  the  spinal  cord.  This  is  the  char- 
acteristic course  of  the  paralysis  produced  by  a  tumor.  But  in  a  large 
number  of  cases  the  loss  of  power  comes  on  in  a  subacute,  or  even  an  acute 
manner,  in  consequence  of  the  myelitis  excited  by  the  compression,  which, 
in  such  cases,  may  run  a  course  of  independent  acuteness.  When  the  inflam- 
mation is  thus  in  excess  of  its  cause,  the  palsy  may  lessen  as  damage  from 
the  inflammation  subsides  to  the  degree  of  the  damage  from  pressure.  The 
symptoms  that  depend  on  compression  slowly  but  surely  increase  as  the 
tumor  grows,  and  usually  attain  a  high  degree  of  intensity,  the  loss  of  power 
in  the  legs,  for  instance,  becoming  absolute  and  remaining  so. 

Loss  of  sensation  comes  on  sometimes  with  the  loss  of  motor  power,  more 
often  after  this  has  become  considerable.  It  may  be  partial  at  first,  but 
tends  to  become  complete  as  the  damage  to  the  cord  increases.  The  loss 
of  sensation  corresponds  in  distribution  to  the  motor  palsy  when  the  disease 
is  below  the  middle  of  the  dorsal  region,  but  if  it  is  situated  above  this,  and 
on  one  side,  the  sensory  loss  is  often  on  the  side  opposite  to  the  motor  paraly- 
sis. Tumors  of  the  spinal  cord  furnish  a  considerable  proportion  of  the 
cases  in  which  the  crossed  symptoms  of  a  unilateral  lesion  are  well  marked 
(see  p.  166).  In  addition  to  the  loss  of  sensation  which  results  from  the 
damage  to  the  cord  itself,  areas  of  anaesthesia  may  exist  in  the  region  sup- 
plied by  the  nerves  which  are  damaged  by  the  growth,  and  in  which  the 
severe  radiating  pains  are  felt.  If  there  is  crossed  sensory  and  motor  palsy, 
these  root  symptoms  are  intense  chiefly  on  the  side  opposite  to  the  anaesthe- 
sia in  the  limbs.  Incoordination  of  movement  is  not  a  common  symptom 
of  spinal  tumors,  but  has  been  occasionally  met  with  in  cases  of  growth  in 
the  posterior  column,  of  central  tumor,  and  also  as  a  result  of  multiple 
tumors  of  the  nerve  roots  (see  p.  418).  Loss  of  power  usually  coexists  and 
quickly  becomes  predominant. 

The  condition  of  reflex  action  depends  on  the  position  of  the  tumor.  In 
the  lumbar  enlargement  or  the  cauda  equina,  a  growth  abolishes  reflex  action 
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in  the  legs,  and  in  any  position  the  trunk  reflexes  are  lost  at  the  level  of  the 
lesion.  But  when  the  disease  is  situated  higher  up,  reflex  action  is  increased 
and  the  excess  of  cutaneous  reflex  action  is  a  very  marked  and  early  symp- 
tom of  the  disease.  The  myotatic  irritability  presents  also  the  increase  that 
invariably  results  from  damage  to  the  pyramidal  tracts,  and  the  usual  tonic 
spasm  also  gradually  develops  and  often  reaches  a  high  degree.  Muscular 
contracture  is  added  to  it  more  frequently  than  in  many  other  diseases,  and 
rigid  spasm  in  the  flexors  of  the  knee  and  hip  may  keep  the  heels  in  contact 
with  the  nates. 

Wasting  of  the  muscles  is  for  the  most  part  confined,  to  those  parts  to 
which  the  damaged  nerve  roots  go.  In  tumors  of  the  lumbar  enlargement 
and  cauda  equina,  the  atrophy  of  the  muscles  of  the  legs  is  a  very  conspicu- 
ous symptom.  Vaso-motor  disturbance  sometimes  occurs  in  the  early  stage 
of  the  disease,  chiefly  in  the  distribution  of  irritated  roots,  where  flushing  of 
the  skin  has  been  noted,  and  the  so-called  "  meningitic  streak  ("  tache  c&re- 
brale  ")  may  often  be  produced.  Occasionally  vaso-motar  oedema  is  a  con- 
spicuous early  symptom.  In  the  later  stages,  bedsores  are  very  common 
and  often  severe.  Dilatation  or  contraction  of  the  pupil  is  common  when 
a  tumor  is  situated  in  the  lower  cervical  region. 

The  course  of  the  symptoms  is  variable,  and  depends  on  the  rapidity  of 
growth  of  the  tumor,  and  on  the  share  which  secondary  myelitis  takes  in  the 
production  of  the  symptoms.  As  a  rule,  the  root  symptoms  occur  first,  and 
in  growths  outside  the  cord  they  may  exist  alone  for  months,  and  even,  in 
the  case  of  a  slowly-growing  tumor,  for  years  before  the  symptoms  of  dam- 
age to  the  cord  itself  are  added.  On  the  other  hand,  they  may  be  entirely 
absent  in  growths  which  commence  within  the  cord  itself.  In  some  cases 
the  symptoms  are  steadily  progressive  from  first  to  last.  In  others  the 
progress  is  intermittent;  periods  of  increase  in  the  symptoms  alternate  with 
stationary  periods.  Occasionally  a  rapid  increase  of  the  cord  symptoms 
may  be  followed  by  positive  improvement  for  a  time,  but  scarcely  ever  by  an 
actual  disappearance  of  the  manifestations  of  the  disease.  The  most  import- 
ant element  in  the  course  of  the  disease  is  the  tendency  to  a  lateral  exten- 
sion of  the  symptoms,  the  expression  of  the  transverse  extension  of  the 
damage,  as.  the  several  structures  of  the  cord,  at  the  same  level,  successively 
suffer.  There  is  sometimes  an  extension  downward  of  the  interference  with 
the  central  functions  of  the  cord,  when  secondary  myelitis  descends  to  the 
lumbar  enlargement,  but  there  is  scarcely  ever  an  extension  upward  above 
the  level  of  the  initial  interference  with  function.  A  small,  slowly-growing 
tumor,  even  within  the  cord,  sometimes  causes  no  symptoms. 

The  chief  differences  between  the  symptoms  of  tumors  of  the  cord  and  of 
the  membranes  are  that,  in  the  latter,  the  root  symptoms  are  more  severe  in 
a  larger  proportion  of  the  cases,  and  that  the  cord  symptoms  occur  later, 
and  are  at  first  more  limited  in  extent.  Spinal  pain,  tenderness,  and  rigidity 
are  more  common.  In  cord  tumors  the  radiating  pains,  due  to  irritation  of 
the  nerve  roots,  are  more  often  trifling  or  absent,  but  if  the  growth  begins 
in  the  neighborhood  of  the  posterior  horn  they  may  be  very  pronounced. 
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The  cord  symptoms  are  often  bilateral  from  the  first,  and  in  central  tumors 
they  may  develop  equally  on  the  two  sides.  If  they  are  unilateral  at  the 
onset  they  extend  to  the  other  side  sooner  than  in  the  case  of  meningeal 
growths.  Extensive  muscular  atrophy  is  more  common  in  tumors  of  the 
cord  than  in  those  of  the  membranes  (except  in  the  case  of  tumors  of  the 
cauda  equina),  because  central  tumors  may  damage  the  gray  matter  through 
a  considerable  vertical  extent,  and  are  most  common  in  the  enlargements, 
and  also  because  myelitis  spreads  in  the  gray  matter  far  more  frequently 
when  the  exciting  growth  is  in  the  cord  itself  than  when  it  is  in  the  mem- 
branes. 

In  tumors  of  the  cervical  region  the  interference  with  movement  of  the 
neck,  from  the  rigidity  of  the  muscles,  is  often  well  marked,  especially  when 
the  tumor  is  in  the  membranes.  The  pains  due  to  irritation  of  the  nerves 
are  felt  in  the  arms,  and  are  often  associated  with  muscular  atrophy.  The 
excess  of  reflex  action  in  the  legs  is  very  great,  and  if  the  influence  of  the 
tumor  is  chiefly  oil  one  side,  hemiplegic  weakness,  with  crossed  anaesthesia,  is 
present. 

Growths  in  the  dorsal  region  of  the  cord  usually  cause  severe  radiating 
pains  in  the  trunk,  often  accompanied  by  an  intensely  painful  sense  of  con- 
striction, hyperesthesia,  and  sometimes  by  anaesthesia.  The  simple,  nearly 
level  course  of  the  dorsal  nerves  reveals  the  precise  position  of  the  disease  more 
clearly  than  do  the  symptoms  in  the  arms  when  the  tumor  is  in  the  cervical 
region.  The  interference  with  the  trunk  reflexes  often  corroborates  the 
indications  afforded  by  the  subjective  symptoms.  Spinal  tenderness  may  be 
also  present,  but  rigidity  of  the  spinal  muscles  is  not  common.  Reflex 
action  in  the  legs  presents  the  same  excess  that  results  from  tumors  in  the 
cervical  region,  but  occasionally,  when  the  growth  is  on  the  confines  of  the 
lumbar  enlargement,  a  descending  myelitis  may  abolish  the  reflex  action, 
and  remove  spasm,  if  this  previously  existed,  rendering  the  muscles  flaccid. 

The  symptoms  produced  by  tumors  which  involve  the  lumbar  enlarge- 
ment vary  considerably  according  to  the  precise  position  of  the  growth. 
The  characteristic  pains  are  felt  in  the  legs,  and  the  muscles  supplied  from 
the  part  invaded  or  compressed  undergo  atrophy  and  present  loss  of  reflex 
action  and  of  myotatic  irritability,  but  the  anaesthesia  is  often  limited  in  area. 
A  growth  in  the  upper  part  of  the  enlargement  may  cause  wasting  only  in  the 
flexors  of  the  hip  and  extensors  of  the  knee,  with  loss  of  the  knee  jerk  and 
anaesthesia  in  the  front  of  the  thigh,  while  the  muscles  below  the  knee  pre- 
sent simple  palsy  with  myotatic  excess.  Thus  a  man,  who  had  had  syphilis, 
complained  of  pain  in  the  left  groin  and  thigh,  and  presented  wasting  of  the 
extensors  of  the  knee,  with  anaesthesia  in  the.  front  of  the  thigh;  there  was 
loss  of  the  left  knee  jerk,  and  a  foot  clonus  on  each  side.  He  recovered, 
but  there  was  doubtless  a  small  syphiloma  at  the  upper  part  of  the  lumbar 
enlargement  on  the  left  side,  interrupting  the  reflex  arc,  damaging  the 
motor  and  sensory  nerves,  and  compressing  both  pyramidal  tracts.  A  growth 
in  the  membranes  adjacent  to  the  middle  or  lower  part  of  the  lumbar 
enlargement  usually  causes  symptoms  of  wide  distribution,   affecting  the 
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whole  of  both  legs,  and  the  early  symptoms  of  irritation  often  involve  the 
distribution  of  the  upper  lumbar  nerves.  But  a  growth  at  the  same  level 
within  the  cord  may  affect  chiefly  the  muscles  of  the  lower  leg,  and  cause 
anaesthesia  in  the  region  supplied  from  the  sacral  plexus.  There  may  also  be 
palsy  and  wasting  of  all  the  muscles  of  both  legs  from  an  extensive  second- 
ary myelitis,  but  even  then  the  sensory  loss  is  usually  limited.  In  lumbar 
tumors  there  is  early  palsy  of  the  bladder  and  sphincters.  Examination  of 
the  sphincter  ani  shows  absolute  paralysis,  and  not  the  pure  reflex  action 
present  when  the  disease,  arresting  voluntary  influences,  is  higher  up  the 
cord.  The  tendency  to  bedsores  is  commonly  strong  in  tumors  of  this 
part. 

Growths  situated  in  the  cauda  equina,  which  are  below  and  do  not  affect 
the  cord  itself,  produce  symptoms  very  similar  to  those  due  to  tumors  of  the 
lumbar  enlargement,  but  the  symptoms  are  bilateral  from  the  first  in  the 
majority  of  cases.  Rarely  one  leg  is  affected  alone  at  the  outset.  The 
symptoms  usually  begin  in  the  lowest  parts  of  the  legs,  which  are  throughout 
affected  in  greater  degree  than  the  upper  parts,  and  the  flexors  of  the  hip 
may  escape  altogether.  Muscular  contraction  is  much  less  common  than  in 
tumors  situated  higher  up.  The  anaesthesia  is  chiefly  in  the  region  supplied 
by  the  sacral  plexus,  and  the  pains,  usually  very  severe,  are  first  felt  in  the 
same  region,  arid  there  may  be  severe  pain  on  each  side  of  the  sacrum  radi- 
ating to  the  region  of  the  sciatic  nerves.  The  muscles  below  the  knee  rapidly 
waste,  and  often  (but  not  always)  present  the  degenerative  reaction.  These 
symptoms  were  well  marked  and  characteristic  in  the  case  figured  and 
described  at  p.  410  (Fig.  160),  and  the  condition  of  the  muscles  suggests 
that  the  absence  of  any  voltaic  irritability  in  the  muscular  fibres  was  due  to 
their  early  and  intense  fatty  degeneration.  In  many  cases  the  symptoms 
are  irregular  in  distribution  ;  the  nerves  are  included  in  the  growth,  and  are 
often  damaged  unequally,  and  less  than  might  be  expected  from  the  size  of 
the  tumor,  which  may  be  considerable  before  its  expansion  is  arrested  by 
contact  with  the  bony  walls  of  the  canal.  Hence  the  loss  of  sensation  may 
be  partial,  and  reflex  action  may  not  be  completely  abolished.  In  the  case 
above  mentioned,  for  instance,  a  prick  on  the  sole  caused  a  reflex  contrac- 
tion of  the  .muscles  in  the  upper  parts  of  the  legs,  but  of  these  alone.  In 
some  cases,  however,  the  loss  of  sensation  has  been  absolute  and  reflex  action 
also  has  been  entirely  lost.  The  tendency  to  trophic  changes  is  great,  and 
an  affection  of  the  sphincters  is  almost  invariable.  Cystitis  and  its  conse- 
quences readily  occur  and  may  reach  a  high  degree,  in  consequence  of  resid- 
ual accumulation,  when  the  patient  is  conscious  only  of  slight  difficulty  of 
micturition. 

Multiple  tumors  may  give  rise  to  very  complex  symptoms.  If  there  are 
only  two  tumors  they  may  be  manifested  by  the  successive  development  of 
focal  symptoms,  similar  in  character  but  different  in  seat.  In  many  cases  in 
which  there  are  many  growths  only  one  or  two  of  the  largest  have  caused 
symptoms,  and  the  smaller  tumors  have  run  a  latent  course.  In  some  other 
cases  in  which  many  tumors  have  caused  slight  symptoms,  these  have  simu- 
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lated  closely  those  of  a  system  disease  of  the  cord.  Thus,  in  the  remarkable 
case  recorded  by  Hughes  Bennett,  multiple  growths  on  the  posterior  nerve 
roots  produced  the  characteristic  manifestations  of  locomotor  ataxy.*  When, 
as  has  often  been  the  case,  cerebral  tumors  coexist  with  multiple  spinal 
growths,  the  symptoms  of  the  latter  have  usually  been  lost  in  those  of  the 
intra-cranial  disease  which  has  preceded  the  spinal  lesion. 

The  duration  of  the  symptoms  of  tumors  of  the  cord  and  membranes, 
those  of  syphilitic  nature  being  excluded,  varies  from  three  months  to  five, 
or  even  ten,  years.  In  the  majority  of  cases  death  ensues  at  the  end  of  from 
one  to  three  years  from  the  commencement  of  the  symptoms. 

Diagnosis. — Although  no  symptom  produced  by  tumors  within  the 
vertebral  canal  is  actually  pathognomonic,  and  the  disease  is,  of  course,  not 
to  be  directly  recognized,  yet  the  combination  of  symptoms,  and  the  course 
which  they  present,  are  in  most  cases  sufficiently  characteristic  to  render 
the  diagnosis  a  matter  of  no  great  difficulty^  The  symptoms  of  greatest 
diagnostic  importance  are,  first,  the  pain,  severe  in  degree  and  constant  in 
seat,  and,  secondly,  the  progressive  paralysis.  Of  less  but  still  considerable 
importance  are  the  rigidity  of  the  muscles  of  the  spine,  the  muscular  con- 
tractions in  the  limbs,  and  the  early  and  marked  excess  of  reflex  action 
when  the  cord  itself  is  involved.  In  the  course  of  the  disease,  the  most 
important  features  are  the  steady  progress  of  the  symptoms,  and  especially 
their  commencement  on  one  side  and  extension  to  the  other.  Causal  indi- 
cations occasionally  corroborate  the  diagnosis,  and  sometimes  give  addi- 
tional weight  to  suggestive  symptoms.  Of  such  indications  the  most 
important  are  a  history  of  constitutional  syphilis,  the  presence  of  tubercular 
disease  elsewhere,  and,  in  rare  instances,  the  existence,  in  other  parts,  of 
such  multiple  growths  as  are  known  to  occur  also  within  the  spinal  canal, 
especially  multiple  sarcomata  and  neuromata. 

The  diagnosis  of  multiple  growths  depends  on  the  recognition  of  the 
successive  development  of  the  characteristic  symptoms  in  more  than  one 
focus.  It  is  rare  for  more  than  two  of  many  tumors  to  cause  definite  symp- 
toms. The  greatest  absolute  difficulty  in  the  diagnosis  of  a  spinal  tumor  is 
presented  by  the  cases,  by  no  means  rare,  in  which  an  intra-cranial  tumor 
precedes  the  growth  within  the  vertebral  column,  and  the  symptoms  of  the 
latter  are  overlooked  in  the  presence  of  the  severe  manifestations  of  the 
former.  In  most  cases,  however,  the  disease  can  be  recognized  if  the  addi- 
tional symptoms,  which  usually  exist,  are  detected  by  careful  observation, 
and  their  significance  is  recognized. 

The  differential  diagnosis  involves  the  distinction  from  diseases  of  the  • 
vertebral  bones,  of  the  membranes,  and  of  the  cord  itself.  Caries  of  the 
spine  has  many  symptoms  in  common  with  tumor,  but  the  root  pains  are 
rarely  very  severe,  and  the  effects  of  compression  of  the  cord  are  usually 
bilateral,  either  from  the  first  or  very  soon  after  their  commencement.  The 
paralysis  seldom  reaches  a  considerable  degree  in  one  leg  before  the  other 

*  Clinical  Transactions,  1885. 
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suffers.  The  signs  of  bone  disease  are  rarely  long  absent,  and  repeated 
examination  usually  reveals  at  least  irregularity  of  the  vertebral  spines. 
From  growths  in  the  bones  of  the  spinal  column  the  diagnosis  may  at  first 
be  impossible.  •  But  the  pain  of  tumor  is  rarely  increased  by  movement  to 
the  same  intense  degree  as  when  the  growth  commences  in  the  bone,  unless 
the  tumor  is  in  the  cervical  region  of  the  cord,  and  then  the  greater  accessi- 
bility of  the  vertebral  column  renders  the  exclusion  of  bone  growths  com- 
paratively easy  by  local  examination.  In  the  dorsal  region  a  growth  in  the 
bone  may  long  escape  detection,  but  even  here  the  influence  of  movement 
on  the  pain  is  often  extreme,  far  greater  than  in  the  case  of  tumors  within 
the  canal.  The  effect  of  movement  of  the  vertebrae  on  the  nerve  roots, 
when  compressed  as  they  pass  through  the  foramina,  is  far  greater  than 
when  they  are  compressed  within  the  canal.  Sooner  or  later  the  local 
enlargement  manifests  itself  externally  and  shows  the  nature  of  the  case. 

"Hypertrophic  pachymeningitis,"  affecting  the  cervical  region,  is  the 
only  meningeal  disease  which  closely  simulates  the  symptoms  of  tumor,  but 
its  effects  are  usually  from  the  first  bilateral,  and  they  have  a  considerable 
vertical  extent.  Hence  it  is  only  with  central  tumors,  which  grow  through 
several  inches  or  more  of  the  cord,  that  the  disease  is  likely  to  be  confounded. 
In  each  malady  there  may  be  muscular  atrophy  in  the  arms,  and  paralysis, 
without  wasting,  in  the  legs.  But  in  central  tumors  the  sensory  symptoms 
in  the  arms  are  usually  much  slighter  than  in  the  thickening  of  the  mem- 
brane ;  there  is  rarely  the  early  and  limited  anaesthesia  which  results  from 
the  damage  to  the  nerve  roots  in  the  latter  disease. 

The  affection  of  the  cord  itself  which  most  closely  simulates  the  symptoms 
of  tumor  is  chronic  transverse  myelitis.  In  such  a  case  as  that  shown  in 
Fig.  96,  p.  242,  the  diagnosis  may  be  a  matter  of  extreme  difficulty.  The 
radiating  pains  in  this  case  were  severe  and  local,  and  the  limitation  of  the 
symptoms,  for  a  long  time,  to  one  side,  with  crossed  sensory  and  motor 
palsy,  presented  an  almost  perfect  analogy  to  the  effects  of  a  growth.  But 
it  is  very  rare  for  severe  and  acute  radiating  pains  to  result  from  focal  mye- 
litis, although  a  painful  sense  of  constriction  is  common;  moreover,  in 
tumor,  one-half  of  the  cord  seldom  suffers  severely  without  the  functions  of 
the  other  half  also  soon  being  impaired  in  some  degree.  The  limitation  of 
chronic  myelitis  to  a  single  focus  is  also  very  unusual ;  a  considerable  verti- 
cal extent  of  the  cord  is  usually  involved  in  varying  degree.  Hence  the 
practical  difficulty  in  diagnosis  is  not  so  great  as  at  first  sight  might  appear. 
Acute  or  subacute  myelitis  can  only  be  confounded  with  a  growth  in  cases 
in  which  inflammation  results  from  pressure,  and  develops  with  indeptndent 
energy  and  rapidity.  In  such  cases  the  occurrence  of  myelitis  must  be 
recognized,  and  the  diagnostic  problem  is  the  detection  of  the  preceding 
symptoms  of  the  growth  that  excites  the  inflammation.  This  is  usually 
easy  ;  the  severe  pains,  and  commonly,  also,  the  slighter  symptoms  of  paral- 
ysis, which  existed  before  the  rapid  increase  in  the  loss  of  power,  are  suffi- 
cient proof  of  a  chronic  morbid  process,  to  which  the  inflammation  is 
secondary. 
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The  early  pains  are  often  thought  to  be  neuralgic,  but  their  constancy 
and  continuance  should  suggest  organic  irritation  ;  their  seat,  moreover,  is 
rarely  that  in  which  neuralgia  is  common.  The  pain  produced  by  tumors 
of  the  cauda  equina  is  often  felt  first  in  the  sciatic  area,  and  thought  to  be 
sciatica,  but  it  is  commonly  from  the  first  bilateral,  while  sciatica  is  almost 
invariably  one-sided,  and  bilateral  sciatic  pain  should  always  suggest  irrita- 
tion where  the  sensory  fibres  from  both  sides  are  near  together,  and  can  be 
irritated  by  a  single  cause,  i.  <?.,  it  should  suggest  disease  within  the  vertebral 
canal.  In  all  cases,  however  dubious  the  early  pains  may  be,  other  symp- 
toms soon  become  added,  and  prove  that  there  is  more  than  a  simple 
neuralgia. 

If  the  existence  of  a  tumor  is  clear,  the  question  remains,  What  is  its 
nature  ?  If  the  patient  has  had  constitutional  syphilis,  the  syphilitic  nature 
of  the  growth  is  highly  probable,  and  the  probability  is  further  raised  in 
degree  if  the  growth  developed  rapidly,  so  that  the  symptoms  attained  a 
considerable  intensity  in  less  than  three  months  from  their  onset.  The  co- 
existence of  a  cerebral  lesion  also  increases  the  likelihood  of  the  syphilitic 
nature  of  the  growth.  Either  of  the  last  two  considerations  suggests  the 
same  conclusion  in  any  case  in  which  syphilis,  although  not  proved,  is  pos- 
sible, but  it  must  be  remembered  that  cerebral  and  spinal  tumors,  of  other 
than  syphilitic  nature,  may  coexist.  In  the  same  way,  tubercular  and  scrofu- 
lous processes  suggest  the  tubercular  nature  of  a  tumor,  and  this  is  further 
supported  by  indications  of  the  existence  of  more  than  one  tumor  in  the 
spinal  cord,  and  by  long  periods  of  arrest  of  the  progress  of  symptoms 
that  were  slow  in  their  development.  Such  arrest  indicates  an  arrest  of  the 
growth  of  the  tumor,  which  we  cannot  infer  from  the  subsidence  of  symp- 
toms that  developed  rapidly,  and  may  have  been  due  to  secondary  inflam- 
mation. Tumors  elsewhere  always  constitute  strong  evidence  of  the  nature 
of  one  in  the  cord,  but  such  an  indication  is  rarely  available,  since  the 
spinal  canal  is  rarely  the  seat  of -secondary  growths.  Multiple  tumors  are 
probably  either  sarcoma  or  neuroma.  In  the  absence  of  these  indications 
a  meningeal  tumor  is  probably  a  sarcoma,  and  a  tumor  within  the  cord  is 
probably  a  glioma,  because  these  are  the  most  frequent  kinds  of  growths 
which  occur  in  those  situations.  A  diagnosis  founded  on  mere  frequency 
of  occurrence  has  necessarily  only  a  low  degree  of  probability,  and  must  be 
sometimes  wrong. 

Prognosis. — Unless  the  tumor  is  syphilitic,  the  prognosis  is  necessarily 
most  grave.  Of  all  syphilitic  lesions,  growths  are  those  that  are  most 
amenable  to  treatment,  and  the  effects  of  which  most  certainly  pass  away,  if 
they  have  not  reached  an  extreme  degree  or  lasted  too  long  a  time.  If, 
however,  the  damage  has  been  allowed  to  remain  unchecked  for  several 
months,  recovery  may  be  imperfect.  Tumors  of  other  kinds  steadily  in- 
crease, and  the  resulting  damage  is  on  the  whole  steadily  progressive, 
although  its  course  may  be  varied  by  stages  of  rapid  (myelitic)  increase  in 
the  symptoms,  followed  by  stationary  periods  and  even  by  transient  im- 
provement. 


TUMORS.  421 

Treatment. — If  the  growth  is  syphilitic,  iodide  of  potassium  should  be 
given  in  full  doses  of  30-90  grains  a  day,  and  unless  the  symptoms  rapidly 
lessen,  mercury  may  also  be  administered.  It  is  important  that  the  treat- 
ment should  be  energetic  and  prompt,  so  as  to  effect  some  diminution  of  the 
pressure  as  quickly  as  possible,  since  the  longer  this  continues,  the  more 
considerable  are  the  degenerative  changes.  Even  a  difference  of  a  few  days 
in  the  influence  of  treatment,  and  consequent  duration  of  pressure,  may 
make  a  difference  of  weeks  in  the  duration  of  symptoms  and  have  a  distinct 
influence  on  the  degree  of  ultimate  recovery.  If  the  symptoms. suggest  a 
tumor,  and  syphilis  is  possible,  appropriate  treatment  should  be  adopted  for 
a  time,  since  it  can  do  no  harm  if  the  tumor  is  not  syphilitic,  and  may  save 
the  patient's  life  and  strength  if  it  is.  It  should  be  remembered,  more- 
over, that  syphilis  can  only  be  excluded  when  there  has  been  no  possibility 
of  infection.  In  a  certain  proportion  of  the  cases  of  late  syphilitic  lesions, 
in  the  nervous  system  and  elsewhere,  there  is  no  history  of  secondary  syphi- 
lis, and  in  another  proportion  of  cases  of  secondary  syphilis  there  is  no 
history  of  a  primary  sore.  Hence  it  is  a  priori  certain  that  in  some  cases 
of  late  lesions  a  history  of  both  primary  sore  and  secondary  symptoms  will 
be  absent,  and,  as  a  matter  of  fact,  such  cases  are  met  with  not  unfrequently. 
Of  course,  these  cases  cannot  be  counted  as  syphilitic  in  any  scientific  investi- 
gation into  the  influence  of  this  disorder,  but  we  have  often  to  allow  weight, 
in  treatment,  to  considerations  which  are  insufficient  to  influence  scientific 
investigations,  and  treatment  determined  by  the  mere  possibility  of  syphilis 
is  often  justified  by  its  results. 

In  other  than  syphilitic  cases  we  can  do  little  more  than  treat  symptoms, 
relieving  pain  by  sedatives,  watching  the  state  of  the  bladder,  preventing 
the  occurrence  of  cystitis  and  guarding  the  patient  from  bedsores.  We 
must  remember  that  sedatives  will  probably  be  needed  for  a  long  time,  and 
they  must  therefore  be  used  as  sparingly  as  possible,  lest  custom  and  toler- 
ance deprive  them  of  their  power.  Cocaine  may  be  used  in  many  cases  as 
an  aid  in  economizing  the  influence  of  morphia.  It  is  highly  probable  that 
surgery  may  ultimately  be  able  to  cope,  in  some  degree,  with  meningeal 
tumors.  Modern  methods  render  the  opening  of  the  spinal  canal  far  less 
formidable  than  it  formerly  was,  and  the  removal  of  a  tumor  from  the  mem- 
branes of  the  cord  would  involve  less  immediate  danger  of  serious  conse- 
quences than  the  removal  of  a  tumor  from  the  brain.*     On  the  other  hand, 

*  Since  the  above  was  written,  an  opportunity  has  presented  itself  to  me  of  acting  on  the 
opinion  here  expressed.  I  was  consulted  in  the  case  of  a  middle-aged  man  suffering  from 
characteristic  symptoms  of  compression  of  the  spinal  cord  by  a  morbid  growth,  pains  around 
the  thorax  and  in  the  legs,  with  complete  motor  and  sensory  paraplegia,  the  antesthesia  reach- 
ing to  the  level  of  the  radiating  pains.  I  urged  that  an  attempt  should  be  made  to  remove 
the  tumor,  believing  that,  if  this  should  prove  impracticable,  the  removal  of  the  arches 
would  lessen  the  pressure  on  the  cord.  The  operation  was  performed  by  Mr.  Victor  Hors- 
ley.  A  small  tumor,  the  size  of  an  almond,  was  found  within  the  dura  mater ;  the  cord  was 
greatly  compressed.  The  whole  tumor  was  easily  removed.  It  was  higher  than  the  symp- 
toms suggested,  four  inches  above  the  level  of  the  pains  and  antesthesia.     In  spite  of  the  size 
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growths  within  the  spinal  cord  are  altogether  outside  the  possible  range  of 
surgical  procedure,  since  the  removal  of  such  a  tumor  would  entail  an 
injury  equal  to  the  greatest  damage  the  growth  could  ultimately  inflict,  and 
equally  disastrous  in  its  consequences. 


CAVITIES  AND  FISSURES  IN  THE  SPINAL  CORD. 
SYRINGOMYELIA,  HYDROMYELIA,  HYDRORRHACHIS  INTERNA. 

Cavities  in  the  spinal  cord,  distended  with  liquid,  are  met  with  at  all 
ages.  They  are  found  sometimes  in  young  children,  a  condition  termed 
"  hydromyelia. "  In  such  cases  they  are  clearly  due  to  an  arrest  of  develop- 
ment, which  often  affects  the  brain  also.  The  cavities  met  with  in  adults 
have  been  distinguished  from  those  found  in  young  children,  and  have  been 
termed  "  syringomyelia."  This  condition  has  been  supposed  to  be  acquired, 
the  result  of  morbid  processes  commencing  in  adult  life,  but  the  two  condi- 
tions present  so  many  points  of  resemblance  that  they  are  probably  of  the 
same  nature,  and  the  adult  cases,  as  well  as  the  infantile  forms,  are  congeni- 
tal in  origin,  although  they  are  no  doubt  modified  by  secondary  changes 
occurring  during  their  longer  course.*  The  following  figures  illustrate  all 
the  most  important  facts  regarding  this  morbid  state,  and  the  somewhat 
complex  conditions  will  be  best  understood  by  considering  the  appearances 
presented  in  the  several  figures,  and  their  significance. 

The  great  fact  of  all  cavities  within  the  cord  is  their  association  with  the 
presence  of  abnormal  tissue,  resembling  closely  that  which  commonly  sur- 
rounds the  central  canal  of  the  cord,  and  that  which  exists  as  a  thin  layer 
on  the  surface  of  the  cord,  between  the  pia  mater  and  the  nerve  tissue.  The 
two  are  probably  of  the  same  nature,  but  that  around  the  canal  is  modified 
by  the  growth  in  it  of  small  cells  or  nuclei.  It  is  probable  that  this  abnor- 
mal tissue,  accompanying  the  cavities,  is  due  to  a  persistence  of  the  embry- 
onal tissue  from  which  the  cord  is  developed,  and  that  the  presence  of  the 
cavities  is  due  partly  to  defective  closure  of  the  tube  which  is  first  formed 
(residual  portions  of  which  become  distended  by  accumulation  of  liquid), 
and  partly  to  the  breaking  down  of  this  persistent  embryonal  tissue  or  to 
tissue  formed  from  it  by  a  process  of  growth.  The  cord  sometimes  suffers 
serious  damage  from  pressure,  owing  to  the  distention  of  the  cavity  by  the 
liquid  which  accumulates  within  it. 

To  understand  the  origin  of  these  conditions  it  is  necessary  to  remember 
the  mode  of  development  of  the  spinal  cord.  The  sides  of  the  primitive 
furrow  of  the  embryo  coalesce  so  as  to  form  a  canal  of  relatively  large  size, 
the  walls  of  which  are  thinner  in  front  and  behind  than  at  the  sides,  and 

of  the  wound  and  the  length  of  the  opening  in  the  dura  mater,  the  patient  had  no  bad 
symptom,  and  now,  six  weeks  after  the  operation,  the  wound  is  healed,  sensation  is  normal, 
pain  is  trifling,  and  motor  power  has  already  returned  on  the  side  opposite  to  the  tumor. — 
Author's  note  to  American  Edition,  July,  1887. 
*See  Leyden,  Virchow's  Archiv,  Bd.  68,  p.  I. 
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Fig.  364. 
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consist  of  elongated  cells,  some  of  which  are  arranged  regularly  at  the  inner 
surface  of  the  cavity,  like  an  epithelium.  The  anterior  wall  first  becomes 
thickened,  to  form  the  white  commissure  and  the  front  part  of  the  gray, 
while  an  abundant  growth  of  cells  occurs  at  the  sides  of  the  tube,  and  extends 
forward  (7.  e.,  downward  in  the  position  of  the  embryo),  thus  forming  the 
lateral  and  anterior  columns ;  between  the  two  projections  thus  formed  is 
the  depression  of  the  anterior  fissure.  Next  occurs  a  growth  backward  of 
the  now  thick  side,  which  forms  the  posterior  parts  of  the  lateral  columns 
and  the  adjacent  parts  of  the  posterior  columns,  and  with  this  the 
posterior  roots  are  connected  ;  this  forms  the 
"  root  zone  "  of  the  posterior  columns.  The 
posterior  median  columns  are  formed  later. 
The  central  canal  extends  backward  between 
these  two  rudimentary  postero-external  col- 
umns, being  closed  behind  only  by  a  thin  layer 
of  cells.  As  the  posterior  columns  increase  in 
thickness  the  posterior  part  of  the  canal  be- 
comes narrowed,  and  its  walls  unite  near  its 
anterior  extremity  so  as  to  form  the  posterior 
gray  commissure,  and  divide  the  canal  into  two 
parts.  Of  these  the  anterior  becomes  the  per- 
manent canal,  while  the  posterior  is  reduced  to 
a  narrow  fissure  between  the  posterior  columns. 
Ultimately  this  posterior  narrow  part  becomes 
closed  by  a  growth  of  cells  which  occurs  from 
behind  forward,  as  the  median  parts  of  the  pos- 
terior columns  develop.  All  these  parts  con- 
sist first  of  embryonal  cells,  which  afterward 
undergo  a  transformation  into  the  nerve  ele- 
ments proper,  and  the  order  of  transformation 
is  the  same  as  that  in  which  the  parts  were 
formed,  the  posterior  median  columns  latest. 
The  cells  of  the  gray  matter  are  formed  before 
the  fibres  of  the  white  columns.  Some  of  the 
embryonal  elements  undergo  a  different  and 
slighter  change.  They  may  also  be  said  to 
persist,  constituting  the  neuroglia  and  the  gelatinous  gray  substance  contin- 
uous with  it  around  the  cord,  at  the  posterior  root  fissure,  and  around  the 
central  canal. 

The  central  canal  ultimately  lies  in  the  anterior  part  or  middle  of  the  gray 
commissure.  It  may  persist  through  life  as  a  cavity,  circular  in  section,  or 
as  a  slit,  antero-posterior  or  transverse,  and  is  lined  with  epithelium  (Fig. 
164).  Around  the  canal  there  are  usually  many  nuclear  elements,  especially 
on  each  side  of  it,  and  these  frequently  fill  up  the  lumen  of  the  canal,  so  that 
its  position  is  indicated  only  by  an  oval  mass  of  small  cellular  elements  (Fig. 
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Central  canal  in  normal  cords.  If  has- 
the  form  of  a  transverse  slit  in  A,  a 
vertical  slit  in  C  (from  the  conus  me- 
dullaris),  while  in  B  it  is  circular.  la 
each  it  is  lined  by  columnar  epithe- 
lium and  surrounded  by  cellular  ele- 
ments, rounded,  or  angular  from  com- 
pression, mingled  with  granules.  In. 
D,  which  is  from  the  same  spinal  cord 
as  C,  the  position  of  the  canal  is  oc- 
cupied by  a  mass  of  nuclear  tissue. 
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164).  The  obliteration  of  the  canal  often  occurs  quite  early  in  life,  and  is; 
evidence  of  any  morbid  process.  The  canal  may  be  found  obliterated  in  0 
part  of  the  cord,  and  patent  in  another  (c,  d,  Fig.  164).  The  simj 
closure  of  the  canal  by  nuclei  does  not  cause  any  distention  of  the  pi 
which  is  above  the  closed  portion,  or,  at  any  rate,  not  more  than  a  ve 
slight  increase  in  size,  so  trifling  that  its  significance  is  open  to  question. 
In  the  congenital  condition  found  in  young  children  the  morbid  chan 
presents  two  distinct  features.  There  is  usually  a  quantity  of  tissue 
translucent  aspect,  which,  from  its  structure,  is  clearly  persistent  embryor 
tissue  in  -which  nerve  elements  have  not  developed,  and  there  is  a  cavi 
which  is  usully  clearly  due  to  imperfect  closure  of  the  canal.  The  chan 
is  always  confined  to  the  posterior  half  of  the  cord,  and  usually  to  t 
posterior  columns,  which,  as  we  have  seen,  are  formed  last.  The  persiste 
embryonal  tissue  is  sometimes  increased  by  a  process  of  active  growth,  ai 
the  persistent  canal  or  cavity  is  often  enlarged  by  a  process  of  distentio 
Further,  when  the  persistent  tissue  is  considerable  in  quantity  it  may  bre 
down,  and  thus  give  rise  to  a  new  cavity,  or  enlarge  that  which  has  dev< 
oped  from,  the  primitive  canal. 

Fig.  165. 


Hydromyelia,  from  a  child  two  years  old,  with  encephalocele  and  absence  of  cerebellum.  {After  Leyde 
In  A,  cervical  region,  the  central  canal  is  large,  lined  with  epithelium,  and  from  it  a  medial  fissure  excel 
backward  nearly  to  the  periphery  of  the  cord,  limited  by  a  layer  of  homogeneous  tissue,  more  abundanl 
the  posterior  limit.  In  B,  lower  down,  the  fissure  is  enlarged  to  a  cavity  of  considerable  size,  while  in  C  i 
still  larger,  and  the  posterior  columns  are  reduced  to  a  narrow  zone  between  the  layers  of  tissue  wh 
bounds  the  cavity  and  the  gray  substance. 


These  conditions  are  shown  very  well  in  the  adjoining  figures,  after  Le 
den  (Figs.  165,  166).  In  the  former,  at  a,  the  cavity  presents  nearly  t 
shape  which  it  has  at  one  period  of  development,  before  the  formation 
the  posterior  columns  is  completed,  and  without  the  separation  into  t\ 
parts  produced  by  the  formation  of  the  posterior  commissure.  It  is  bound' 
by  a  narrow  layer  of  embryonal  tissue,  which  widens  out  behind,  havii 
nearly  the  shape  of  the  posterior  median  columns,  which  are,  as  we  ha 
seen,  the  last  to  be  formed.  In  b  and  c  the  cavity  is  much  larger,  and  t 
posterior  columns  are  smaller,  even  by  an  earlier  arrest  of  development 
by  greater  distention,  or,  most  probably,  by  the  influence  of  both  the 
agencies.  The  cavity  extends  up  to  the  posterior  surface  of  the  cord,  ai 
is  closed  in  there  only  by  a  narrow  layer  of  cellular  structure. 

In  Fig.  166  we  have  somewhat  more  complex  conditions.  The  cavity 
the  first  section  closely  resembles  in  appearance  that  in  a  of  the  last  figure,  b 
differs  in  the  important  fact  that  the  posterior  commissure  has  apparently  bei 
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formed  and  the  central  canal  developed  in  the  normal  manner,  although 
it  has  become  obliterated  by  nuclei.  This  is  clear  if  the  commissure  is 
compared  in  the  several  figures.  The  cavity 
therefore  does  not,  as  in  Fig.  165,  represent  the 
whole  of  the  primitive  canal,  but  only  the  poste- 
rior portion,  after  its  division.  .The  adjacent 
tissue  is  much  more  abundant  than  in  the  other 
case.  The  projection  into  the  posterior  extremity 
of  the  cavity  indicates  a  progress  of  active  growth, 
which  is  also  shown  by  the  irregularity  of  the 
cavity  in  b,  the  large  amount  of  tissue,  and  the 
wide  separation  of  the  posterior  horns.  In  c, 
from  the  lower  part  of  the  cord,  the  embryonal 
tissue  occupies  two  oval  areas  in  the  posterior 
column  (clear  in  the  figure),  while  the  cavity  is 
closed  or  nearly  so.  (A  little  lower  down  a  cavity 
existed  in  the  centre  of  these  areas,  apparently  due 
to  breaking  down  of  the  tissue.)  In  d,  again, 
the  embryonal  tissue  occupies  only  the  middle 
line,  as  a  wedge-shaped  area,  due  to  the  defective 
formation  of  the  medial  part  of  the  posterior  col- 
umns. It  has  been  mentioned  that  the  neuroglia 
may  be. regarded  as  a  persistent,  slightly  modified, 
embryonal  tissue,  and  these  exuberant  masses  of 
tissue  bear  considerable  resemblance  in  structure 
to  glioma,  so  that  the  condition  has  been  called 
"gliomatosis."  In  each  of  these  cases  the  brain 
participated  in  the  defect  of  development ;  there 

was  internal  hydrocephalus,  and  the  cerebellum   h^^^.1!m.*C3 
was  absent. 

The  cavities  in  the  adult 'cord  present  many 
varieties.  The  most  common  form  resembles  in 
its  essential  features  the  congenital  disease  which 
we  have  just  considered.  Between  the  two  there 
are  also  differences,  but  the  resemblance  is  suffi- 
ciently close,  and  the  origin  of  the  differences  is  suf- 
ficiently clear,  to  make  it  practically  certain,  as 
already  mentioned,  that  the  two  forms  are  really 
the  same,  and  the  condition  met  with  in  adults  is  the  congenital  condition 
persisting  until  later  life.  Of  the  characters  which  this  form  has  in  common 
with  the  congenital  disease,  the  most  important  are  the  position  of  the 
cavities,  and  the  presence  of  tissue  in  their  vicinity  of  embryonal  or  glioma- 
tous  nature.  The  differences  depend  on  an  apparent  increase  of  this  tissue 
by  a  process  of  growth,  on  the  greater  damage  to  the  other  parts  of  the  cord 
by  the  distention  of  the  cavity,  and  on  the  extent  to  which  the  formation  of 
27 


yea 

hydrocephalus  and  absence  of 
cerebellum.  {After  Leyden,  Vir~ 
chow's  Arch.,  Bd.  68.)  A,  B,  cer- 
vical region ;  gelatinous  (embry- 
onal) tissue  in  the  posterior  col- 
umns encloses  a  medial  cavity, 
lined  in  places  with  cylindrical 
epithelium,  and  believed  therefore 
to  be  the  dilated  central  canal. 
C,  lower  dorsal ;  in  each  posterior 
column  is  a  mass  of  similar  gela- 
tinous substance  (which,  by  a  mis- 
take, is  shown  in  C  as  an  open 
cavity).  In  D,  lumbar  region,  this 
tissue  occupies  only  the  position 
of  the  posterior  median  columns. 
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new  cavities  or  enlargement  of  old  ones  takes  place  by  a  process  of  disinte- 
gration of  the  newly-formed  or  persistent  tissue. 

In  the  first  place,  as  the  simplest  condition,  we  may  have  a  dilatation  of 
the  central  canal  surrounded  by  gliomatous  tissue  disposed  as  in  congenital 
cases.  This  tissue  is  often  more  abundant,  and  forms  a  more  distinct  mass, 
lower  down  the  cord,  below  the  cavity.  A  good  example  of  this  condition 
in  slight  degree  is  presented  by  the  cord,  the  seat  of  chronic  myelitis,  repre- 
sented at  Fig.  97,  p.  243.  In  the  cervical  region  (a)  there  is  a  large  central 
canal,  bounded  by  a  thick  layer  of  gliomatous  tissue.  In  the  inner  layer  of 
this  tissue,  and  bounding  the  cavity,  is  a  sinuous  membrane,  fibrous  in  struc- 
ture.- The  origin  of  this  membrane  is  not  easy  to  explain,  but  it  is  often 
found  in  cavities  of  this  character,  and  is  evidence  of  the  common  nature  of 
those  that  differ  much  in  other  respects.  In  the  lumbar  region  (b),  the 
tissue,  which  bounds  the  cavity  in  the  other  section,  forms  a  large  round 
mass  in  the  position  of  the  canal,  obliterating  it. 

In  other  cases  a  central  cavity  appears  not  to  be  the  canal  itself,  but  to  be 
situated  behind  it,  as  we  have  seen  may  be  the  case  in  infants.  It  is  then 
apparently  due  to  a  persistence  of  the  fore  part  of  the  posterior  portion  of 
the  canal,  after  the  posterior  commissure  has  been  formed.  In  Fig.  167,  for 
instance,  we  have  a  central  cavity,  but  in  the  commissure  in  front  of  this  is  a 
mass  of  nuclei  having  the  usual  aspect  of  an  obliterated  canal.*  The  cavity 
is  surrounded  by  a  zone  of  tissue,  which  in  a  and  b  sends  off  a  fringe  of  pro- 
cesses, especially  backward.  •  This  tissue  increases  in  the  lower  part  of  the 
cervical  region  (c).  In  b  a  small  cavity  is  formed  between  the  tissue  and 
the  gray  matter,  by  breaking  down,  and  in  c  a  small  cavity  exists  in  the 
middle  line  behind  the  growth,  probably  due  to  deficient  closure  of  the 
original  fissure,  and  increased  by  a  destructive  process.  Still  lower  the 
commissure  resumes  its  normal  appearance,  but  the  collection  of  nuclei  in 
the  position  of  the  canal  is  usually  large  (d).  In  the  lumbar  region  the 
canal  is  patent  (e).  The  degenerations  of  the  posterior  median  column  and 
of  the  lateral  columns  were  secondary. 

We  have  seen  that  even  in  the  congenital  cases  we  must  recognize  a  pro- 
cess of  growth  of  the  persistent  embryonal  tissue  to  account  for  some 
of  the  conditions  met  with,  and  a. like  process  is  suggested  by  the  central 
mass  in  Fig.  97,  b.  Hence  it  is  not  surprising  that  in  many  cases  the 
growth  should  attain  the  dimensions,  and  assume  the  characters,  of  a  posi- 
tive tumor.     In  most  cases  the  tumor  has  been  central  in  position,  and  has 

*  This  is  the  probable  interpretation.  At  the  same  time  it  is  possible  that  the  nuclei  have 
not  this  significance,  and  that  it  is  really  the  central  canal.  It  is  often  more  difficult  than 
might  be  imagined  to  say  whether  a  cavity  does  or  does  not  represent  the  central  canal.  The 
presence  or  absence  of  an  epithelial  lining  has  generally  been  taken  as  a  criterion,  but  it  is 
doubtful  whether  this  has  any  significance.  Around  the  whole  of  the  original  cavity  the 
inner  layer  of  the  cells  is  arranged  as  an  epithelium,  and  if  any  part  of  it  persists  it  is  proba- 
ble that  epithelium  will  persist  also.  Moreover,  the  epithelium  often  disappears  from  the 
dilated  central  canal  itself ;  always  where  it  is  enlarged  by  breaking  down  of  tissue. 


Fig.  167. 


Fig.  167. — Syringomyelia,  from  a  case  of  tumors  of  the 
pons  and  cauda  equina,  with  some  diffuse  sclerosis  in 
the  dorsal  region  of  the  cord.  A,  B  and  C  are  sec- 
tions of  the  cervical  enlargement.  The  large  cavity 
in  A  is  perhaps  the  dilated  canal,  since  it  is  lined  in 
front  with  epithelium,  but  in  front  of  it,  in  the  pos- 
terior commissure,  is  a  group  of  nuclei  like  an  ob- 
literated canal.  The  zone  of  tissue  around  the  cyst 
is  composed  of  interlacing  fibres  and  nuclei,  and  pro- 
cesses extend  from  it  into  the  posterior  columns,  both 
in  front  and  behind.  In  B  the  cavity  is  smaller  and 
the  wall  thicker,  while  in  C  the  tissue  about  it  forms 
a  considerable  mass,  and  a  second  small  cavity  has 
formed  in  the  middle  line,  apparently  by  the  breaking 
down  of  the  tissue.  In  the  dorsal  region  there  was 
merely  an  unusually  large  accumulation  of  nuclei  in 
the  position  of  the  canal,  which ,  in  the  lumbar  region, 
had  the  normal  aspect  (E).  The  cord  presents  de- 
generation of  the  right  pyramidal  tract  (descending 
from  the  tumor  in  the  pons),  and  of  the  post.-med. 
cols,  and  ant.  lat.  ascending  tract-,  probably  ascend- 
ing from  the  sclerosis. 

Fig.  168. — Syringomyelia,  from  a  case  in  which  there  were  tumors  in  the  dorsal  region  of  the  cord,  the  cauda 
equina,  and  the  pons  Varolii  A,  mid-cervical  region.  A  large  oval  cavity  lies  behind  the  gray  commis- 
sure, surrounded  by  a  narrow  wall,  chiefly  composed  of  fine  fibres,  but  with  a  wavy  membrane  on  the  inner 
surface.  In  the  front  of  the  posterior  commissure  an  oval  group  of  nuclei  has  the  aspect  of  an  obliterated 
central  canal.  A  few  short  processes  extend  from  the  wall  of  the  cavity  into  the  posterior  columns.  There 
is  secondary  ascending  degeneration  of  the  post.-med.  cols.,  right  direct  pyramidal  tract,  and  ascending 
antero-Iateral  tract  in  all  the  sections.  B,  first  dorsal.  Behind -the  posterior  commissure  is  a  growth  con- 
sisting of  small  cells,  round  and  fusiform,  the  latter  with  round  nuclei.  It  contains  many  vessels  with  thick- 
ened walls.  A  fringe  of  fine  processes  extends  from  it  into  the  posterior  columns.  An  irregular  cavity 
occupies,  on  the  right  side,  the  posterior  half  of  the  gray  matter,  which  is  reduced  to  a  narrow  layer  around 
the  cyst.  This  is  lined  by  a  delicate  nucleated  membrane,  outside  which  is  a  thicker  membrane,  lying  in 
folds,  the  section  of  which  is  thus  sinuous.  Outside  this  again  is  a  small-celled  growth  similar  to  that 
behind  the  commissure.  In  C,  a  little  lower,  this  cavity  is  smaller,  the  sinuosities  of  the  wall  greater,  and 
the  growth  outside  it  more  abundant.  {Still  lower  the  area  was  entirely  occupied  by  the  growth,)  In 
the  posterior  commissure  there  is  only  a  quantity  of  loose  nucleated  tissue  in  the  situation  of  the  growth.* 


*  For  the  opportunity  of  drawing  these  sections,  I  am  indebted  to  Dr.  Dreschfeld.  A  full 
account  of  the  case  has  been  published  by  Dr.  Harris  in  Brain,  Jan.,  1886.  The  large 
growths  were  sarcomata. 
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had  the  structure  of  a  glioma.     It  has  occupied  a  large  part  of  the  area  of  the 
cord  at  a  certain  part.  *     In  the  chapter  on  the  tumors  of  the  cord  it  has 
been  pointed  out  that  sarcomata  also  may  grow  from  the  tissue  around  the 
central  canal,  as  in  the  case  shown  in  Fig.  162.     Hence  it  is  not  surprising 
that  the  condition  of  syringomyelia,  even   if  this  is  congenital  in  origin, 
should  be  frequently  associated  with  definite  tumors.     The  growths  have 
often  been  multiple,  apparently  the  result  of  a  widespread  tendency,  and, 
perhaps,  connected  with  a  widespread  persistence  of  embryonal  tissue,  of 
which  we  shall  presently  consider  a  remarkable  instance.     In  the  case  shown 
in  Fig.  167  there  was  a  tumor  of  the  pons  and  also  one  of  the  cauda  equina. 
The  nature  of  the  growths  is  uncertain,  but  they  were  probably  either  sar- 
coma or  glioma.     The  same  tendency  to  morbid  growths  is  illustrated  also 
by  Fig.  168,  which  is  similar  in  many  respects  to  that  just  considered.     In 
this  case,  also,  there  was  a  tumor  of  the  pons  and  one  of  the  cauda  equina,  and 
there  was  also  a  central  growth  in  the  dorsal  region,  occupying  the  greater 
part  of  the  area  of  the  cord,  to  which  the  ascending  degenerations  are 
secondary.     In  a  there  is  a  large  central  cavity  which  is  probably  not  the 
central  canal,  since,  as  in  the  last  figure,  the  position  of  this  is  marked  by 
the  oval  group  of  nuclei  in  the  anterior  part  of  the  gray  commissure.     The 
zone  of  tissue  which  bounds  it  is  narrow,  but  a  few  processes  are  given  off 
behind.     In  b,  first  dorsal,  this  tissue  forms  a  compact  mass,  and  the  pro- 
cesses are  numerous  and  very  similar  to  those  in  the  last  figure.     In  c,  the 
commissure  is  reduced  almost  to  normal  conditions.     In  this  cord  we  have 
also  an  instance  of  the  fact  that  cavities  may  occur   in '  other  parts,  very 
similar  in  their  general  characters  to  those  that  occur  in  the  central  region. 
In  b,  a  large  cavity  occupies  the  intermediate  gray  matter  and  posterior 
cornu   on   the  right  side,  with  some  morbid    tissue   bounding   it  on   the 
medial  side.     In  c,  the  cavity  is  smaller  and  the  tissue  around  it  is  more 
abundant,  but  easily  distinguishable  from  the  gray  substance,  while  a  little 
lower  down  the  cavity  disappeared  and  the  tissue  formed  a  compact  rounded 
mass.     The  cavity  is  lined  by  a  delicate  layer  of  cellular  membrane ;  outside 
this  is  a  fibrous  membrane,  lying  in  folds  which  appear  as  sinuosities  in  the 
section.    The  existence  of  this  membrane  shows  that  the  cavity  is  not  simply 
formed  by  the  breaking  down  of  the  tissue.     The  tissue  is  quite  similar  in 
structure  to  that  which  lies  behind  the  commissure  in  B.f 

The  posterior  cornu  is  not  an  uncommon  seat  of  cavities,  which  may 
extend  through  the  whole  length  of  the  horn.  An  example  of  this  is  shown 
in  Fig.  169.  Hemorrhage  had  occurred  into  the  cervical  region  of  the  cord 
(a),  which  was  enlarged  and  distended  with  blood,  so  that  the  precise  char- 

*  As  in  an  interesting  case  described  and  figured  by  Riesinger,  VircAow's  Archiv,  Bd.  98. 

f  In  connection  with  the  tumor  of  the  Cauda  equina  in  these  two  cases,  it  may  be  men-  ■ 
tioned  that  the  same  coincidence  has  been  observed  in  other  cases.     There  was  a  tumor  in 
that  situation,  for  instance,  in  the  case  described  by  Riesinger,  who,  rightly  regarding  the 
condition  as  congenital  in  origin,  suggests  that  the  tumor  may  be  connected  with  the  fact 
that  the  embryonal  cord  occupied  the  entire  length  of  the  canal. 
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acter  of  the  cavity  in  this  region  was 
indistinguishable  ;  the  blood  also  filled 
the  cavity  through  the  entire  length  of 
the  cord.  In  the  upper  dorsal  region 
(b)  there  are  two  cavities,  one  in  each 
posterior  cornu,  but  that  on  the  right 
ceased  a  little  lower  down,  while  the 
other  extended  to  the  lumbar  region, 
as  shown  in  the  figure,  reaching  almost 
to  the  surface  of  the  cord..  The  upper 
and  inner  extremity  of  this  cavity  is 
in  the  position  of  the  central  canal, 
no  other  trace  of  which  exists.  There 
is  some  abnormal  tissue  in  the  neigh- 
borhood of  the  commissure,  and  also 
in  c,  irregular  tracts  pass  transversely 
from  the  median  septum  in  the  fore 
part  of  the  posterior  columns.  The 
presence  of  this  tissue,  and  the  relation 
to  the  central  canal,  suggests  a  con- 
genital origin.  During  the  reduction 
in  size  of  the  canal,  in  the  develop- 
ment of  the  cord,  the  cavity  presents 
at  one  period  short  lateral  processes 
(compare  Fig.  171,  a),  and  we  can 
therefore  understand  how  a  still  earlier 
arrest  of  development  may  lead  to  the 
persistence  of  a  lateral  process  on  one 
side  or  both,  surrounded  by  persistent 
embryonal  tissue,  and  that  the  cavity 
should  afterward  extend  in  this  tissue 
or  in  the  gray  matter  by  a  process  of 
disintegration  compare  Fig.  171,  d. 
A  comparison  with  this  figure  (ej  sug- 
gests that  the  two  cavities  were  united 
in  the  middle  line  on  the  upper  part 
of  the  cord,  in  which  the  hemorrhage 
took  place. 

In  the  conditions  we  have  hitherto 
considered,  definite  limited  regions 
of  the  cord  have  been  involved  through 
a  considerable   vertical  extent.     The 


Fig.  169. 


Sections  of  a  spinal  cord  in  which  a  cavity  existed  throughout  its  length.  Hemorrhage  in  the  cervical  region 
was  the  immediate  cause  of  death.  The  extravasation  had  there  distended  the  cord  (A),  and  had  burst 
into  the  cavity,  which  was  filled  with  blood.  A  smaller  cavity  existed  in  the  right  cornu,  in  the  upper  dor- 
sal region  (B).  In  most  parts  the  inner  surface  was  slightly  irregular,  as  if  produced  by  breaking  down  of 
the  tissue,  but  near  the  position  of  the  central  canal  a  sinuous  membrane  existed  in  places,  without,  how- 
ever any  epithelial  covering. 
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changes  are  sometimes,  however,  much  more 
diffuse  in  their  distribution,  as  is  shown  by 
the  remarkable  lesions  represented  in  Fig. 
170.  In  this  cord,  which  is  that  of  an 
adult,  we  have  a  combination  of  the  same 
two  conditions  of  abnormal  tissue  and 
cavities.  Scattered  through  the  nerve  sub- 
stance are  tracts  of  a  peculiar  tissue  repre- 
sented by  the  darker  shading  of  the  figure, 
and  in  many  regions-  thus  affected  there  are 
cavities,  for  the  most  part  fissure  like,  as  if 
the  cord  had  been  split  here  and  there.  At 
first  sight  the  appearance  suggests  an  active 
and  recent  morbid  process ;  nevertheless, 
I  think  that  the  congenital  origin  of  the 
condition  is  beyond  doubt.  It  will  be  ob- 
served that  the  morbid  changes,  like  the 
other  forms  of  syringomyelia,  are  chiefly  in 
the  posterior  half  of  the  cord  ;  small  areas 
of  disease  in  the  anterior  columns,  in  the 
sections  e  and  f,  are  the  only  exceptions. 
The  minute  structure  of  the  abnormal  tissue 
is  exactly  like  that  of  the  normal  gelatinous 
layer  beneath  the  pia  mater.  Besides  the 
conspicuous  areas  figured,  it  could  be  traced 
here  and  there,  in  small  tracts,  through 
the  whole  of  the  posterior  columns  and 
the  hinder  parts  of  the  lateral  columns, 
and  also  in  the  posterior  horns,  in  the  gray 
matter  of  which  it  could  be  readily  distin- 
guished. The  relation  of  the  cavities  to  this 
substance  is  distinct;  where  they  extend 
beyond  it  this  is  apparently  the  result  of  the 
distention  of  the    cavities    and   an   actual 


Cavities  in  the  spinal  cord.  A,  mid-cervical;  presenting 
merely  some  increase  of  connective  tissue  in  the  left  lateral 
column.  In  B  there  are  several  cavities  having  the  aspect 
of  distended  fissures,  the  largest  in  the  middle  line  of  the> 
posterior  columns  and  the  right  posterior  cornu  ;  smaller 
ones  in  the  lateral  columns.  Adjacent  to  each  is  a  quantity 
of  dense  tissue,  which  had  a  peculiar  and  uniform  structure. 
It  consisted  of  a  very  fine  network  of  fibres  with  minute  nu- 
clear bodies  in  the  interstices.  No  larger  cells  could  be  seen. 
Throughout  the  posterior  and  lateral  columns  this  tissue 
could  be  seen,  here  and  there,  thickening  the  neuroglia, 
where  no  conspicuous  masses  were  formed.  It  could  also  be 
traced  to  the  posterior  cornu,  and  was  readily  distinguished 
from  the  spongy  substance  by  its  slighter  staining.  1  he  dis- 
tribution of  this  tissue  is  shown  in  other  sections  by  the 
darker  shading.  In  C  the  fissure  in  the  middle  line  is  narrow. 
In  E  and  F  the  anterior  part  of  the  posterior  columns  con- 
tained a  coarse  network  of  this  tissue,  and  no  nerve  fibres. 
The  central  canal  was  obliterated,  but  the  group  of  nuclei 
that  marked  its  position  could  be  traced  throughout  the  cord. 
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Assuring  of  the  cord,  along  the  lines  of  connective  tissue,  by  the  pressure  of 
the  effused  liquid.  The  medial  cavity  in  c  is  doubtless  due  to  defective 
closure  of  the  original  fissure  between  the  posterior  columns.  In  the  lumbar 
region  the  nerve  fibres  are  absent  from  the  front  of  the  posterior  columns, 
where  a  coarse  network  of  this  residual  tissue  encloses  empty  spaces. 

Symptoms. — In  many  cases  syringomyelia  is  discovered  after  death,  when 
it  has  given  rise  to  no  symptoms  and  its  existence  has  not  been  suspected 
during  life.  In  young  children  it  appears  never  to  cause  any  definite 
symptoms.  In  adults,  however,  considerable  disturbance  of  function  is 
sometimes  produced.  In  some  cases  the  growths,  which  often  coexist  and 
which  probably  start  from  the  residual  tissue,  may  cause  the  symptoms  of 
tumor.  These  are  often  not  characteristic,  on  account  of  the  central 
position  of  the  growth ;  the  irritation  of  the  nerve  roots  is  commonly 
absent.  In  other  cases  the  distention  of  a  central  cavity  may  cause  such 
compression  of  the  white  columns  and  gray  matter  as  leads  to  definite  dis- 
turbance of  function. 

Such  disturbance  generally  involves  the  central  functions  of  the  cervical 
enlargement  of  the  cord,  because  it  is  in  this  region  that  the  cavities  attain 
their  largest  size,  and  the  nerve  elements  of  the  cord  suffer  in  greatest 
degree.  The  gray  matter  is  often  especially  damaged  by  pressure,  and 
hence  muscular  atrophy  is  one  of  the  most  conspicuous  of  the  symptoms 
that  are  produced.  With  it  is  usually  associated  loss  of  sensibility,  due  to 
the  damage  to  the  posterior  gray  matter  and  nerve  roots.  The  wasting 
resembles  in  its  characters  that  of  progessive  muscular  atrophy ;  the  muscles 
of  the  shoulders  and  back  have  suffered  more  frequently  than  those  of  the 
forearm  and  hand.  The  cutaneous  anaesthesia  usually  involves  the  same 
region  as  the  muscular  wasting,  but  extends  beyond  the  limits  of  the  latter, 
and  may  involve,  for  instance,  the  forearms  and  hands,  while  the  atrophy 
is  limited  to  the  shoulders  and  upper  arms.  Pain  is  not  usually  a  prominent 
symptom.  The  conducting  functions  of  the  cord  are  also  involved  in  some 
degree,  but  often  much  less  than  the  central  functions,  so  that  there  is 
merely  slight  weakness  of  the  legs  when  there  is  considerable  atrophy  in 
the  arms.  In  other  cases,  however,  the  paralysis  of  the  legs  has  been  con- 
siderable, and  there  have  been  muscular  contractions  in  the  unwasted  parts. 
The  sphincters  are  often  involved,  and  trophic  changes  in  the  skin  are 
frequent,  and  occasionally  are  severe.  When  disturbance  of  the  central 
functions  has  developed,  the  disease  usually  runs  a  progressive  course  and 
terminates  in  death  at  the  end  of  two  or  three  years. 

Even  when  well-marked  symptoms  have  been  present,  they  have  so  far 
resembled  those  of  other  more  common  maladies,  that  the  lesion  has  been 
seldom  suspected  during  life.  The  combination  of  atrophy  with  more 
extensive  anaesthesia,  in  the  absence  of  considerable  pain,  would  justify  a 
•  suspicion  of  the  disease.  Pachymeningitis,  which  also  causes  muscular 
wasting  and  sensory  loss,  is  usually  attended  with  a  considerable  amount  of 
pain  in  the  affected  region,  and  the  anaesthesia  is  not  more  extensive,  and 


432  SPINAL   CORD. 

is  usually  less  extensive,  than  the  muscular  wasting.     It  is  not  likely  that 
any  treatment  can  influence  the  morbid  process. 

SPINA  BIFIDA. 

Spina  Bifida  depends  on  a  defect  in  the  closure  of  the  vertebral  arches. 
It  is  most  common  in  the  lumbar  region  of  the  spine ;  sometimes  is  present 
at  more  than  one  place,  very  rarely  in  the  whole  length  of  the  vertebral 
column.  It  is  present  in  about  one  child  out  of  every  thousand  born  (Chaussier). 
The  spinal  cord  is  sometimes  normal,  although  the  fluid  outside  it  is  greatly 
increased  in  quantity,  and  distends  the  external  sac.  The  cord,  however, 
reaches  to  the  lower  extremity  of  the  vertebral  canal,  as  it  does  at  an  early 
period  of  development,  being  kept  adherent  at  its  lower  extremity  by  the 
morbid  process.  In  many  cases  the  central  canal  of  the  cord  is  enlarged, 
and  the  lower  part  of  the  cord  may  be  distended  in  what  has  been  termed 
"internal  hydrorrhacis."  In  this  condition  the  central  cavity  may  be 
closed  in  behind  by  a  very  thin  layer  of  nerve  substance.  More  frequently, 
however,  the  cord  is  the  seat  of  a  developmental  defect  similar  to  that  of 
the  bony  canal.  In  the  lumbar  region  the  primitive  canal  has  failed  to 
close,  so  that  the  cord  is  open  posteriorly,  and  the  two  posterior  columns 
may  even  be  far  apart,  so  that  the  cord  has  the  form  of  a  thick  lamina  in  the 
anterior  wall  of  the  sac. 

An  example  of  the  condition  is  shown  in  Fig.  171,  which  illustrates  also 
another  fact  of  the  disease,  viz. ,  that  some  developmental  effect  is  often  pre- 
sent in  other  parts  of  the  cord.  In  the  cervical  region  the  gray  commissure 
is  unusually  large,  and  the  canal  is  cruciform,  a  shape  which  it  presents  at 
one  period  of  development,  and  which  is  here  persistent.  This  condition 
obtains  through  the  dorsal  region  until,  in  the  lower  part,  the  tissue  behind 
the  commissure  is  so  abundant  as  to  unite  the  necks  of  the  posterior  horns. 
Below  this  the  canal  enlarges  into  a  condition  of  syringomyelia,  surrounded 
by  the  abnormal  tissue,  which,  as  we  have  seen,  is  constantly  associated  with 
enlargement ;  the  canal  is  limited,  moreover,  by  the  sinuous  membrane  that 
is  so  often  met  with.  The  cavity  extends  also  into  the  posterior  horns, 
clearly  by  a  process  of  disintegration,  since  in  d  the  membrane  lining  the 
enlarged  canal  persists  and  marks  the  limit  of  the  canal  and  the  extent  of 
the  simple  disintegration.  The  progressive  separation  of  the  posterior  col- 
umns is  shown  in  f,  g,  and  h.  In  the  lowest  part  of  the  cord  the  develop- 
ment of  the  posterior  columns  has  been  apparently  hindered,  as  will  be 

Fig.  171. — Spina  bifida :  sections  of  a  spinal  cord.  In  A,  cervical  region,  the  only  abnormality  is  a  large 
cruciform  central  canal  and  an  unusually  deep  gray  commissure.  This  continued  through  the  dorsal  region, 
at  the  lowest  part  of  which  a  great  change  occurred.  In  B  the  canal  is  larger-,  and  the  necks  of  the  pos- 
terior horns  (and  posteVior  vesicular  columns)  are  united  by  much  commissural  tissue ;  in  this  many  vertical 
fibres  could  be  seen,  and  fibres  ran  from  before  backward  in  the  middle  line.  In  C  an  extension  of  the  canal 
backward  has  taken  place,  and  it  is  bounded  by  a  sinuous  membrane.  The  outer  part  of  the  gray  sub- 
stance is  atrophied.  In  D  the  cavity  has  extended  into  each  posterior  horn  almost  up  to  the  surface  of  the 
cord,  in  part  by  a  breaking  down  of  tissue,  because  the  membrane  limiting  the  enlarged  canal  remains  un- 
destroyed.  In  E,  still  at  the  junction  of  the  dorsal  and  lumbar  region,  the  cavity  has  receded  from  the  left 
horn.  In  F  the  division  of  the  cord  has  taken  place,  not  in  the  direction  of  the  cavity  in  the  horn  (which  is 
filled  up),  but  in  the  middle  line,  at  or  close  to  the  median  septum.  In  G  a  wider  separation  of  the  posterior 
columns  has  taken  place,  and  a  cavity  has  formed  on  the  right  side,  which  extends  into  the  horn,  and 
almost  separates  the  posterior  column.  In  H  the  cord  is  spread.out  and  formed  part  of  the  wall  of  the  sac. 
The  posterior  nerve  roots  (J>  r)  mark  the  position  at  which  the  posterior  horn  comes  to  the  surface.  The 
gray  matter  is  in  many  parts  atrophied  and  translucent,  and  in  H  contains  many  large  vessels.  The  septal 
lobulation  on  the  surface  of  the  cord  is  greater  than  normal. 
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observed  if  g  be  compared  with  f.  In  the  former  there  are  also  some 
fissures  in  the  gray  substance,  also  formed  apparently  by  disintegration. 
The  gray  substance  of  the  cord  is  conspicuously  wasted  in  the  lumbar 
region,  thin  and  translucent. 

In  cases  of  spina  bifida  in  which  the  cord  is  normal  there  are  commonly 
no  symptoms.  When  the  central  cavity  is  large,  and  the  lower  part  of  the 
cord  is  greatly  distended,  or  when,  as  in  the  case  figured,  the  cord  shares 
the  defect  of  union,  there  is  frequently  paralysis  of  the  legs  and  sphincters, 
often  with  muscular  atrophy,  which  is  explained  by  the  wasting  of  the  gray 
matter.  Occasionally,  the  child  has  been  unable  to  stand,  although  the  legs 
have  been  neither  wasted  nor  weak ;  perhaps  the  inability  in  this  latter  case 
has  been  due  to  the  arrested  development  of  the  posterior  columns. 

The  treatment  of  spina  bifida  is  purely  surgical. 


TRAUMATIC  LESIONS  OF  THE  SPINAL  CORD. 

Causes. — In  fractures  and  dislocations  of  the  spine,  the  cord  generally 
suffers  compression  or  laceration,  as  already  described  in  the  chapter  on 
injuries  of  the  vertebral  column.  The  cord  may  also  be  directly  wounded 
by  stabs  and  gunshot  injuries,  in  which  it  may  be  divided,  completely  or 
partially.  Such  injuries  furnish  a  considerable  proportion  of  the  cases  of 
unilateral  lesion  of  the  cord.  In  gunshot  wounds  the  cord  more  often  suffers 
from  displaced  fragments  of  bone  than  from  the  ball  itself. 

Far  more  common  than  direct  injury  is  damage  to  the  cord  by  concussion 
of  the  spine,  either  local  or  general.  Gunshot  wounds  occasionally  furnish 
examples  of  local  concussion ;  a  bullet  may  strike  the  spinal  column,  and 
lodge  in  its  vicinity,  with  the  effect  of  causing  immediate  paraplegia,  as 
complete  as  if  the  cord  were  divided,  and  yet  it  may  be  found  that  the 
spinal  column  has  not  been  injured,  and  the  cord  is  merely  softened  at  the 
spot.  Other  causes  of  concussion. are  the  fall  of  heavy  bodies  on  the  back, 
such  as  a  beam  of  timber  or  a  sack  of  corn,  a  blow  on  the  back  from  some 
blunt  weapon,  a  fall  upon  the  back,  either  on  a  flat  surface  or  on  some  pro- 
jecting object.  Less  frequently  the  cord  suffers  from  a  general  concussion 
of  the  body,  in  which  the  spinal  column  is  not  specially  involved.  The 
cervical  region  is  occasionally  damaged  in  falls  on  the  head.  Railway  acci- 
dents are  frequent  causes  of  concussion  of  the  spinal  cord ;  the  back  being 
struck  with  violence  when  the  body  is  thrown  from  one  side  of  the  carriage 
to  the  other.  Another  common  cause  is  a  fall  from  a  horse  upon  the  back, 
or  a  fall  downstairs,  in  which  the  spinal  column  is  bumped  against  the  edges 
of  the  steps.  Occasionally,  effects  very  similar  to  those  which  are  produced 
by  a  blow  on  the  spine,  are  caused  by  a  sudden  contraction  of  the  spinal 
muscles  in  some  violent  effort,  a  "  rick  of  the  back"  as  it  is  popularly 
termed.  It  is  possible  that,  in  such  cases,  the  primary  damage  is  sometimes 
to  the  vertebral  ligaments  and  articulations,  and  that  the  cord  suffers 
secondarily. 
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Pathology. — The  anatomical  lesions,  in  cases  in  which  the  vertebral 
column  is  not  injured,  vary  much  in  different  cases.  Hemorrhage  is  often 
found,  sometimes  outside  the  dura  mater,  sometimes  on  the  inner  surface  of 
the  membrane,  in  the  pia  mater,  or  in  the  substance  of  the  cord  itself. 
Occasionally,  the  substance  of  the  cord  has  been  found  lacerated  when  the 
vertebral  column  has  not  been  injured.  In  many  cases  there  is  local  soft- 
ening, commonly  yellow  in  tint,  sometimes  mingled  with  red,  often  involv- 
ing the  whole  thickness  of  the  cord,  and  occasionally  extending,  as  central 
softening,  through  a  considerable  vertical  extent.  Under  the  microscope, 
the  usual  products  of  degeneration  are  seen,  sometimes  with  haematoidin 
crystals.  Such  softening  may  occur  rapidly  in  severe  local  concussion,  and 
be  found  complete  a  few  weeks,  or  even  a  few  days  after  the  injury.*  On 
the  other  hand,  in  some  cases  of  complete  paralysis,  no  lesion  of  the  cord 
has  been  found,  either  with  the  naked  eye  or  the  microscope,  a  few  days 
after  the  injury. f  In  other  instances,  in  which  the  cord  is  examined  some 
weeks  or  months  after  the  accident,  the  signs  of  chronic  myelitis  are  found, 
in  scattered  foci  or  more  diffuse  tracts,  in  the  white  columns  or  gray  sub- 
stance. The  nerve  fibres  are  wasted,  and  the  connective-tissue  elements 
are  increased  in  quantity,  and,  in  the  early  stages,  there  may  be  a  leucocy- 
tal  infiltration  about  the  vessels,  dilatation  of  the  capillaries,  and  often 
minute  extravasations,  although  none  were  visible  to  the  naked  eye.  In 
the  anterior  cornua,  the  motor-nerve  cells  may  be  damaged,  sometimes 
swollen  and  vacuolated,  or  shrunken,  and  the  anterior  root  fibres  may  be 
degenerated.  The  gray  matter  is  especially  apt  to  suffer  when  the  enlarge- 
ments are  injured ;  in  the  dorsal  region  the  change  may  be  confined  to  the 
white  columns.  The  usual  ascending  and  descending  degenerations  may 
be  found  above  and  below  the  most  damaged  parts.  Occasionally  there 
are  indications  of  meningitis,  diffuse  or  disseminated,  and  sometimes  con- 
fined to  the  dura  mater. 

Symptoms. — The  effects,  immediate  and  remote,  of  injuries  of  the  spinal 
cord  extend  over  almost  the  whole  range  of  symptoms  of  cord  disease,  and 
their  variations  in  character  and  course  are  almost  infinite.  It  is  therefore 
neither  practicable  nor  necessary  to  do  more,  in  this  place,  than  to  describe 
their  general  characters.  According  to  the  differences  in  course,  we  may 
divide  them  into  three  classes,  (i)  Those  in  which  the  injury  causes 
immediate  and  severe  paralysis.  (2)  Those  in  which  there  are  at  first 
either  no  symptoms  or  only  trifling  disturbance  of  function,  but  in  which 
grave  symptoms  come  on  a  few  days  or  weeks  after  the  injury.  (3)  Those 
in  which  there  are  no  early  symptoms,  or  only  slight  and  transient  disturb- 
ance, but  at  the  end  of  one  or  several  months  symptoms  gradually  come  on, 
often  such  as  indicate  disease  of  some  definite  system  of  structure  of  the 
cord,  degenerative  in  nature. 

*  Edmunds,  Brain,  vol.  vii,  p.  103  ;  Obersteiner,  Wien.  Med.  Jahrb..,  Bd.  iii,  1879; 
Lochner,  Bayer.  Aerztlich.  Int.-bl.,  1875,  No.  42;  Fromiiller,  Memorabilien,  1870,  No.  12. 
In  the  last,  described  further  on,  softening  was  found  thirty-two  hours  after  the  injury. 

t  Fischer,  Deut.  Zeitschr.  f.  Chirurg.,  18S3,  Bd.  xix. 
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The  first  class,  in  which  the  injury  causes  instant  and  considerable  dis- 
turbance of  function,  includes  the  cases  in  which  the  cord  is  directly 
injured,  and  also  some  in  which  there  is  no  visible  sign  of  damage  if  the 
patient  dies  within  a  few  days.  In  the  latter,  the  mechanical  influence  has  ■ 
apparently  abolished  the  function  of  the  nerve  elements.  It  is  probable 
that,  if  such  patients  lived  longer,  either  quick  recovery  or  local  softening 
would  follow.  It  is  an  interesting  fact  that  concussion  may  thus  derange 
function.  The  absolute  integrity  of  structure  on  microscopical  examination 
shows  that  the  result  is  not  due  to  any  minute  vascular  lesion.  The  effect 
has  been  compared  by  Reynolds,  not  inaptly,  to  the  demagnetization  of 
iron  by  a  blow.  Doubtless  the  influence  is  exerted  on  the  molecular  nutri- 
tion of  the  nerve  elements,  and  the  possibility  of  recovery,  or  the  subse- 
quent structural  disintegration,  depends  upon  the  degree  of  nutritional 
damage. 

The  symptoms  in  these  cases  of  severe  and  immediate  effect  are  generally 
those  of  complete  impairment  of  function.  When  the  injury  is  direct  and 
partial,  such  as  a  hemisection  by  an  incised  wound,  or  a  partial  bruise  of 
the  cord  by  a  spiculum  of  bone  being  driven  against  it  (as  in  the  case  men- 
tioned at  p.  143),  the  effect  may  be  a  partial  (e.  g.  one-sided)  derangement 
of  function,  but  in  most  other  cases  there  is  abolition  of  all  the  conducting 
functions  at  the  level  of  the  injury.  There  is  complete  paraplegia,  motor 
and  sensory,  with  loss  of  power  over  the  sphincters.  The  symptoms  are 
thus  those  of  a  total  transverse  lesion  at  the  affected  level  (see  p.  164). 
Loss  of  consciousness  is  occasionally  produced  by  an  injury  which  does  not 
directly  involve  the  head,  and  vomiting  is  very  common  at  the  outset. 
The  cases  of  direct  injury  often  run  a  severe  and  rapid  course ;  the  tendency 
to  trophic  changes  in  the  skin,  and  to  the  occurrence  of  cysitis  and  pyelo- 
nephritis, is  very  great.  CEdema  of  vaso-motor  origin,  and  effusion  into 
joints,  may  be  present  in  the  early  stage.  If  the  cord  has  been  directly 
injured  in  its  whole  thickness,  survival  beyond  a  fortnight  is  rare.  If  the 
cord  is  damaged  indirectly,  with  secondary  softening — in  what  may  be 
termed  concussion-myelitis — death  occurs  less  rapidly,  but  many  patients 
die  at  the  end  of  four  or  six  weeks,  while  in  those  who  survive  the  first  two 
months  slow  recovery  commonly  occurs.  Even  in  such  cases  death  some- 
times occurs  very  quickly,  but  it  is  possible  that  there  is  then  a  laceration 
of  the  cord.  A  man,  whose  case  has  been  recorded  by  Fromiiller,  was 
struck  on  the  back,  at  the  level  of  the  third  dorsal,  by  a  heavy  beam,  and 
had  loss  of  motion  and  sensation  up  to  the  level  of  the  nipples.  The  palsy 
of  the  muscles  of  respiration  increased,  and  he  died  from  asphyxia  at  the  end 
of  thirty-two  hours.  At  the  spot  struck  the  cord  was  reduced  to  a  pulp  for 
3^  cm.,  without  any  hemorrhage. 

In  cases  of  the  second  class,  initial  symptoms  are  absent  or  slight.  After 
the  accident,  the  sufferer  may  not  imagine  himself  injured,  may  be  able  to 
walk  some  distance  without  inconvenience.  In  other  instances  there  is 
tingling  in  the  legs,  or  in  all  the  limbs,  immediately  after  the  concussion, 
sometimes  with  some  weakness  of  the  limbs,  more  often  with  a  feeling  of 
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stiffness.  In  the  course  of  a  few  days  graver  symptoms  come  on,  usually 
attended  with  spinal  pain  and  tenderness,  sometimes  with  some  stiffness  of 
the  back,  and  often  with  pyrexia.  Tingling  in  the  limbs  increases  or  devel- 
ops, and  is  accompanied  by  weakness,  which  often  goes  on  to  complete  paralysis 
in  the  course  of  a  week  or  fortnight.  Sometimes  there  is  also  loss  of  sensa- 
tion, but  less  commonly  than  in  the  cases  in  which  the  symptoms  come  on 
immediately.  There  is  often  pain  in  the  limbs,  and  sometimes  hyperaesthe- 
sia.  The  symptoms  vary  in  their  character  and  distribution,  according  to 
the  position  of  the  morbid  process  and  its  extent.  In  some  cases,  in  which 
the  dorsal  region  is  most  affected,  the  symptoms  are  those  of  simple  para- 
plegia, usually  with  spasm,  and  sometimes  with  early  contraction  of  the 
muscles.  In  other  cases,  in  which  the  gray  matter  of  the  enlargements 
suffers,  there  is  scattered  muscular  atrophy  in  the  limbs,  often  with  indica- 
tions of  the  degenerative  reaction.  Tremor  in  the  limbs  is  a  conspicuous 
symptom  in  some  cases.  A  girdle  pain,  or  sense  of  constriction  in  the  limbs, 
is  very  common.  The  sphincters  generally  suffer,  and  the  tendency  to 
trophic  changes  is  usually  strong.  The  character  and  course  of  the  symp- 
toms is  that  of  a  subacute  myelitis,  and  the  meagre  facts  of  morbid  anatomy 
leave  no  doubt  that  this  is  the  common  lesion.  Thus  a  lady  was  severely 
shaken  in  a  railway  collision.  She  seemed,  immediately  after  the  accident, 
to  have  suffered  no  injury,  but  in  a  few  days  paraplegia  developed,  and  from 
its  consequence  she  died  six  weeks  after  the  accident.  Throughout  the  dor- 
sal region  of  the  cord,  I  found  indications  of  subacute  myelitis,  chiefly  in  the 
white  columns,  varying  in  its  extent  in  different  regions,  but,  in  most  parts, 
considerable  in  the  pyramidal  tracts.  The  symptoms  in  these  cases  are 
sometimes  unilateral.  A  man,  driving  under  a  low  archway,  leaned  back  to 
save  his  head,  and  pressed  his  spine  suddenly  against  the  sharp  edge  of  the  seat 
back.  He  felt  but  little  immediate  effect,  but  in  the  course  of  two  or  three 
days  complete  motor  palsy  of  the  left  leg  came  on,  accompanied  by  hyper- 
algesia, but  without  any  loss  of  sensation  either  in  that  leg  or  in  the  other. 
Power  began  slowly  to  return  at  the  end  of  three  months.  Again,  a  clergy- 
man was  thrown  from  his  horse,  and  there  was  immediately  sufficient  weak- 
ness of  the  legs  to  prevent  him  from  walking  ;  this  subsequently  increased, 
so  that  at  the  end  of  a  fortnight  the  right  leg  was  completely  paralyzed, 
while  the  left  retained  considerable  power.  There  was  a  girdle  pain  at 
the  level  of  the  umbilicus,  and  a  bedsore  formed,  but  he  slowly  improved, 
and  regained  the  power  of  standing  at  the  end  of  eight  months. 

When  the  damage  involves  the  gray  matter,  the  extent  of  the  muscular 
wasting  varies  greatly.  It  seldom  affects  both  arms  and  legs,  but  it  is  usu- 
ally irregular  in  distribution,  sometimes  widespread,  sometimes  limited. 
Thus  a  young  man  fell  from  a  horse  and  pitched  on  the  head.  He  was 
stunned,  and  on  recovering  consciousness  about  two  hours  later,  felt  "pins 
and  needles ' '  in  both  hands,  and  pain  in  the  back,  followed  by  swelling  of 
the  neck  and  difficulty  in  moving  it,  The  tingling  ceased,  but  was  followed 
by  a  sense  of  oppression  about  the  shoulders,  and  persistent  pain  in  the 
cervical  region  of  the  spine.     When  I  saw  him,  two  months  later,  there 
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was  some  weakness  of  the  right  arm  and  wasting  of  the  two  outer  interossei 
and  of  that  part  of  the  long  extensor  which  acts  on  the  two  outer  fingers, 
with  loss  of  faradaic  and  preservation  of  voltaic  irritability. 

In  cases  which  survive  the  acute  stage,  there  is  usually  slow  improvement, 
which  is  often  ultimately  very  great.  In  many  cases  recovery  is  incom- 
plete, but  improvement  goes  on  for  years,  and  the  ultimate  degree  attained 
is  commonly  much  greater  than  in  cases  of  corresponding  character  and 
severity  due  to  other  causes  than  injury.  But  some  permanent  symptoms 
are  often  left  when  the  initial  derangement  of  function  has  been  severe,  and 
has  lasted  for  some  time.  Thus  a  heavy  weight  fell  upon  a  man's  back;  he 
was  unconscious  for  two  days,  and  at  the  end  of  that  time  the  legs  were  com- 
pletely paralyzed,  and  continued  so  for  three  months,  with  retention  of 
urine.  Then  improvement  commenced  in  the  left  leg  before  the  right, 
and  in  the  latter  some  spasm  developed.  At  the  end  of  six  months  he 
could  walk  across  the  room  on  crutches.  Improvement  continued,  but  at 
the  end  of  two  years  his  condition  became  stationary,  and  when  I  saw  him, 
six  years  after  the  accident,  he  could  only  walk  half  a  mile  ;  the  right  leg 
was  still  weak  in  all  parts,  and  a  foot  clonus  was  present  in  each  leg,  greater 
in  the  right  than  in  the  left. 

In  the  cases  of  the  third  class,  chronic  symptoms  slowly  follow  an  injury 
at  an  interval  usually  of  some  months,  and  the  cases  have  the  aspect  less  of 
a  traumatic  lesion  of  the  cord  than  of  a  primary  cord  disease,  the  relation 
of  which  to  the  injury  is  rather  an  inference  from  the  sequence,  coupled 
with  the  absence  of  other  causes,  than  an  obtrusive  fact,  as  in  the  cases  of 
the  first  and  second  classes.  The  symptoms  are  usually  those  of  a  definite 
system  disease  of  the  cord,  less  frequently  those  of  a  disseminated  chronic 
myelitis  of  irregular  distribution.  Primary  spastic  paraplegia,  locomotor 
ataxy,  and  progressive  muscular  atrophy,  are  the  diseases  which  most  fre- 
quently thus  result.  The  fact  that  an  injury  is  occasionally  the  cause  of 
these  maladies  has  been  already  mentioned  in  the  account  of  their  etiology, 
and  the  symptoms  of  such  cases  so  far  resemble  those  that  are  due  to  other 
causes  that  it  is  not  necessary  here  to  add  anything  to  their  history  as 
already  given.  We  must  assume  that  the  shock  to  the  nerve  elements  causes 
a  slow  perversion  of  nutrition,  which  is  only  manifested  by  disturbance  of 
function  when  it  has  gradually  attained  a  certain  degree.  Occasionally 
other  causes  cooperate,  producing  a  tendency  to  degeneration.  Thus  pre- 
vious syphilis,  or  neurotic  inheritance,  can  sometimes  be  traced,  and  it  is 
a  reasonable  assumption  that  the  predisposition  thus  arising  may  assist  in 
rendering  the  traumatic  influence  efficient,  or  in  augmenting  its  effects. 

The  consequences  of  concussion,  which  we  have  considered  as  occurring 
in  separate  form,  are  also  sometimes  combined.  Thus  an  actual  and  imme- 
diate lesion  of  the  cord  may  be  combined  with  an  early  and  severe  increase 
in  the  symptoms  from  the  development  of  subacute  myelitis  in  other  parts. 
The  traumatic  inflammation  at  the  spot  injured  often  attains  an  intense 
degree,  and  runs  a  severe  course,  in  consequence  of  the  influence  which 
may  give  rise  to  such  inflammation  apart  from  a  positive  lesion ;  and,  in 
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both  cases,  the  damage  to  the  cord  may  be  perpetuated  by  a  degenerative 
tendency,  aided,  in  many  cases,  by  the  additional  predisposition  just  men- 
tioned. It  is  very  common,  for  instance,  for  an  injury  to  the  cord,  in  those 
who  have  had  syphilis,  to  cause  acute  symptoms  which  subside,  but  not 
perfectly,  and  the  residual  disturbance  of  function  may  persist,  and  even 
increase  in  the  course  of  years,  in  consequence  of  the  degenerative  tendency. 

One  other  symptom  remains  to  be  considered,  which  is  common  to  all 
forms  of  traumatic  lesion  of  the  cord,  and  is  often  severe  and  persistent  when 
other  symptoms  are  slight, — spinal  pain.  It  may  continue  for  years  after 
other  symptoms  have  ceased,  and  probably  depends  on  a  neuralgic  state  of 
the  nerves  of  the  membranes,  or  of  those  of  the  vertebral  column.  Often, 
probably,  the  pain  depends  on  the  nerves  of  the  joints  and  ligaments  of  the 
spine.  It  thus  appears  to  be  essentially  a  traumatic  spinal  neuralgia.  The 
pain  may  be  felt  at  one  or  more  spots ;  when  severe,  it  often  extends 
through  a  considerable  length  of  the  spine,  and  sometimes  passes  up  to  the 
occiput.  It  is  occasionally  referred  to  the  sacrum,  and  may  there  have  the 
character  of  a  sense  of  weight  or  more  vague  discomfort.  The  pain  is  asso- 
ciated with  tenderness  of  the  spine,  usually  deep-seated,  chiefly  developed 
at  the  injured  part,  but  sometimes  present  also  at  other  spots.  - 

The  cause  of  traumatic  lesions  of  the  cord  often  acts  also  on  the  brain.. 
A  cerebral  lesion  may  occur  from  the  violence  which  affects  the  cord,  and 
cerebral  symptoms  then  coexist  with  those  of  the  spinal  lesion,  and  may 
mask  the  latter  during  the  early  stage.  More  common,  however,  is  func- 
tional disturbance  of  the  brain,  the  result  partly,  perhaps,  of  the  physical 
concussion,  but  chiefly  of  the  mental  shock,  which  a  serious  accident  neces- 
sarily causes.  The  resulting  condition  is  favorable  to  the  development  and 
persistence  of  subjective  sensory  symptoms.  Attention,  maintained  by  con- 
cern, has  a  powerful  intensifying  influence  on  all  forms  of  nerve  pain,  and 
certainly  aids  in  keeping  up  the  pain  in  the  back,  and  even  the  local  tender- 
ness, which  follows  injuries  to  the  spine.  So  marked  is  the  influence  of 
"nervousness"  on  the  subjective  symptoms,  that  it  has  been  even  main- 
tained that,  in  a  large  number  of  cases  of  concussion  of  the  spine,  the  symp- 
toms are  of  hysterical  origin.*  "  Hypochondriasis  "  would,  perhaps,  be  a 
more  accurate  designation  for  the  condition  in  most  cases  in  which  mental 
influence  plays  a  distinct  part  in  the  development  or  maintenance  of  the 
symptoms.  But,  on  the  other  hand,  it  is  necessary  to  avoid  the  danger  of 
over-estimating  the  effect  of  mental  influence,  and  of  regarding  as  entirely 
due  to  this  symptoms  which  are  real,  and  are  merely  intensified  by  attention. 
The  danger  is  especially  great  in  cases  of  railway  injuries,  concerning  which 
an  unbiassed  judgment  is  not  easy  to  secure,  and  in  which,  when  objective 
symptoms  are  absent,  it  is  easy  to  minimize  suffering,  and  attribute  too  much 
to  the  mental  condition.  The  sinister  influence  of  litigation  on  the  intellect 
may  be  traced  very  widely.  I  believe  that  it  is  rare  for  symptoms  to  be 
purely  mental.    It  is  often  asserted  by  those  employed  for  railway  companies, 

*  Putnam,  Boston  Med.  and  Surgical  Journal,  1883,  Sept.  6th. 
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that  subjective  symptoms  quickly  subside  when  the  sufferer's  "claims"  are 
settled,  but  in  a  good  many  individuals  whom  I  have  had  an  opportunity  of 
observing  long  after  they  had  received  their  "  damages  "  (as  the  expression 
curiously  runs)  this  subsidence  had  not  occurred,  and  even  the  "sovereign 
balm  "  of  substantial  compensation  has  appeared  to  do  very  little  for  the  relief 
of  the  sufferer. 

Diagnosis. — The  chief  points  in  the  diagnosis  of  traumatic  lesion  to  the 
cord  have  been  already  incidentally  considered.  Immediate  symptoms  may 
be  due  to  laceration,  hemorrhage,  or  to  simple  concussion,  and  the  diagnosis 
between  these  is  not  always  possible  at  first.  If  there  are  immediate  symp- 
toms of  a  partial  lesion,  these  indicate  direct  injury,  while  the  rapid  subsi- 
dence of  the  disturbance  of  function  renders  simple  concussion  probable,  and 
excludes  any  considerable  direct  injury.  The  latter  development  of  paraly- 
sis indicates  myelitis,  unless  there  is  evidence  of  considerable  irritation  of 
the  nerve  roots  at  a  certain  level,  which  suggests  inflammation  outside  the 
cord,  and  perhaps  even  outside  the  dura  mater.  The  greatest  diagnostic 
difficulty  is  presented  by  the  cases  just  mentioned,  in  which  the  symptoms 
are  subjective,  and  anxious  attention  has  been  long  given  to  the  local  dis- 
comfort. It  is  important  to  search  for  and  to  give  due  weight  to  any  symp- 
toms beyond  the  simple  spinal  pain.  Slight  "tingling"  or  "creeping" 
sensations  maybe  of  purely  functional  origin,  but  a  persistent  sensation  of 
"  pins  and  needles  "  rarely  is  of  that  nature.  A  definite  sense  of  constric- 
tion is  also  strongly  suggestive  of  organic  disease,  and  so  is  a  well-marked  dif- 
ference in  the  power  of  the  muscles  on  the  two  sides.  The  latter  is  of  least 
significance  if  the  excess  is  slight,  general,  and  on  the  right  side, — of  much 
greater  significance  if  the  diminution  is  partial,  and  affects  only  certain 
groups' of  muscles,  such  as  the  flexors  of  the  hip  and  knee,  or  the  peronei. 
Any  impairment  of  power  over  the  bladder  or  rectum  is  of  great  diag- 
nostic importance  ;  loss  of  sexual  power,  on  the  other  hand,  is  of  little 
value,  since  this  function  is  readily  depressed  by  mental  anxiety  and  pre- 
occupation. A  slight  change  in  reflex  action  is  most  significant  when  it  is 
partial.  A  foot  clonus,  or  rectus  clonus,  is  strong  presumptive  evidence  of 
organic  mischief;  a  slight  excess  of  the  knee  jerk  is  of  little  value ;  although 
it  probably  always  indicates  some  changes  in  the  nutrition  of  the  spinal  cord, 
it  does  not  render  structural  disease  even  probable.  In  all  cases  it  should 
be  remembered  that  the  absence  of  any  common  symptom  is  of  far  slighter 
significance,  as  evidence  of  integrity  of  the  cord,  than  is  the  presence  of 
that  symptom  as  evidence  of  disease.  It  may  seem  superfluous  to  insist  on 
a  consideration  so  elementary,  but  it  is  still  possible,  as  experience  proves, 
for  a  medical  witness  to  assert  in  a  court  of  law  that  a  claimant's  spinal  cord 
cannot  have  been  injured  because  his  legs  are  not  wasted. 

Prognosis. — Immediately  after  an  accident  a  cautious  prognosis  should 
be  given,  even  if  the  symptoms  are  slight,  on  account  of  the  possibility  that 
grave  disturbance  may  develop  in  the  course  of  a  few  days.  In  developed 
cases  the  prognosis  must,  in  general,  be  guided  by  the  same  considerations 
as  those  which  determine  our  estimation  of  the  probable  course  of  symptoms 
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of  similar  character  and  severity  due  to  spontaneous  myelitis.  To  this  there 
are,  however,  two  general  exceptions.  First,  the  danger  of  death,  if  any 
exists,  is  greater  in  traumatic  cases  than  in  others.  Secondly,  if  there  is 
no  danger  to  life,  or  such  danger  has  passed,  the  prospect  of  improvement 
is  distinctly  greater  than  in  a  case  of  similar  features  but  of  non-traumatic 
origin.  If  the  symptoms  are  slight  or  moderate  in  degree,  approximate 
recovery  may  be  anticipated.  Often,  however,  the  recovery,  although 
approximate,  is  not  perfect.  The  patient  is  never  quite  as  strong,  quite  as 
capable  of  exertion,  as  before  the  injury.  A  cautious  prognosis  should  be 
given  whenever  there  is  the  late  and  gradual  onset  or  increase  of  symptoms 
that  suggests  a  degenerative  process.  Such  degeneration  presents  far  less 
tendency  to  arrest  or  subsidence  than  do  the  earlier  lesions. 

Treatment. — In  all  cases  in  which  spinal  symptoms  are  present  immedi- 
ately after  an  injury,  however  slight  those  symptoms  may  be,  absolute  rest  for 
three  or  four  days  should  be  insisted  on.  This  is  necessary  on  account  of 
the  secondary  inflammation  which,  as  we  have  seen,  so  often  occurs.  The 
treatment  of  developed  symptoms  must  be  conducted  on  the  same  general 
principles  as  in  cases  of  myelitis  ;  the  details  need  not  be  here  repeated.  If 
there  is  muscular  wasting,  it  is  important  that  the  nutrition  of  the  muscles 
should  be  maintained  by  electrical  stimulation,  since  a  very  considerable 
amount  of  ultimate  recovery  may  be  anticipated,  and  it  is  important  to 
keep  the  muscular  tissue,  as  far  as  possible,  in  a  condition  to  respond  to  the 
nervous  power  when  this  returns.  If  there  is  reason  to  believe  that  there  is 
inflammation  of  the  membranes,  or  inflammatory  effusion  outside  the  cord 
compressing  it,  mercury  may  be  given,  but  this  condition  is  probably  much 
more  rare  than  might  be  anticipated.  The  influence  of  mercury  on  inflam- 
mation of  the  substance  of  the  cord  is  doubtful.  The  degenerative  sequelae 
of  injuries  to  the  cord  need  the  same  treatment  as  the  similar  degenerations 
that  occur  apart  from  traumatic  influences. 

The  treatment  of  the  neuralgic  condition  of  spinal  pain  and  tenderness, 
which  so  often  succeeds  injury,  is  frequently  difficult.  Counter-irritation  is 
often  useful,  either  by  the  actual  cautery,  blisters,  iodine,  or  repeated  sina- 
pisms. Of  sedatives,  Indian  hemp  is  most  effective,  next  to  morphia,  which 
should  be  used  as  seldom  as  possible.  Hypodermic  injections  of  cocaine  may 
be  tried.  When  all  active  mischief  is  over,  and  the  pain  has  become  purely 
neuralgic,  it  is  often  necessary  to  encourage  the  patient  to  neglect  it  in 
some  degree,  and  to  exert  himself  in  spite  of  it,  while  avoiding  whatever 
increases  it  in  considerable  degree  and  for  a  considerable  time. 
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FUNCTIONAL  AND  NUTRITIONAL  DISEASES. 

FUNCTIONAL  DISEASES. 

Very  little  is  known,  though  much  is  heard,  of  functional  diseases  of  the' 
spinal  cord.  It  is  indeed  open  to  doubt  whether  there  are  any  morbid 
states  which  can  accurately  be  thus  designated.  Hysterical  paraplegia  is 
often  regarded  as  a  functional  affection  of  the  cord,  because  the  symptoms 
have  the  same  distribution  as  those  of  organic  diseases  of  the  cord,  but  a  little 
consideration  will  show  that,  in  a  case  of  purely  hysterical  paraplegia,  the 
morbid  functional  condition  is  cerebral ;  the  brain  centres  which  act  on  the 
legs  are  at  fault,  but  the  condition  of  the  functions  of  the  cord  itself  may  be 
absolutely  normal.  The  spinal  motor  centres  are  in  a  state  of  inactivity, 
because  the  related  cerebral  centres  are  inactive,  but  this  is  no  more  a  dis- 
eased tondition  of  the  cord  than  is  its  corresponding  functional  state  dur- 
ing physiological  rest.  Hysterical  paraplegia  will  be  described,  with  other 
palsies  of  like  origin,  in  the  chapter  on  hysteria. 

Isolated  disturbance  of  functional  centres  in  the  cord  does,  however, 
sometimes  occur.  It  is  seen  in  the  conditions  of  inhibition  which  are  desig- 
nated "  reflex  paralyses."  Such  palsies  were  once  thought  to  be  common 
and  persistent,  but  it  has  been  proved  that  many,  and  it  is  probable  that 
all,  cases  of  considerable  and  prolonged  palsy,  formerly  thought  to  be 
of  reflex  origin,  are  due  to  organic  disease,  either  primary  in  the  cord  or 
secondary  to  an  ascending  inflammation  of  nerves.  But  transient  paralysis 
sometimes  occurs  which  cannot  be  otherwise  explained  than  as  an  inhibition 
of  a  spinal  centre  due  to  peripheral  irritation.  Such,  for  instance,  is  the 
curious  inability  to  pass  urine  which  sometimes  follows  an  operation  on  the 
anus,  the  division  of  a  fistula,  for  instance,  or  the  removal  of  hemorrhoids. 
The  inability  may  continue  absolute  for  several  days.  Transient  weakness 
of  one  arm  is  said  sometimes  to  follow  an  operation  for  empyema  (Lepine), 
but  the  fact  that  the  weakness  may  be  attended  by  choreoid  movements  in 
both  arm  and  leg  of  one  side  (Weill)  makes  it  probable  that  the  influence  is 
exerted  on  a  cerebral  rather  than  on  a  spinal  centre.  Considerable  para- 
plegia was  thought  to  be  sometimes  a  reflex  effect  of  disease  of  the  bladder 
or  of  a  calculus  or  other  organic  disease  in  the  kidney,  but  it  is  probable 
that  such  cases  are  always  of  organic  nature. 

Another  class  of  cases  which  may  be  regarded  as  functional  are  those  in 
which  symptoms,  commonly  subjective  in  character,  result  from  some  morbid 
blood  state.  The  conditions  which  most  frequently  have  this  effect  are 
gout  and  diabetes.  Occasionally  there  is  definite  failure  of  power,  lasting 
for  a  few  days  or  weeks,  without  objective  symptoms,  and  passing  away. 
But  the  most  common  symptoms  from  this  cause  are  sensory  and  subjective, 
— feelings  of  tingling  and  formication  in  the  legs,  dull  aching,  and  some- 
times actual  pain  ;'  this  is  usually  transient,  but  occasionally  continues  for 
some  days  or  weeks,  various  in  position,  but  in  gouty  cases  often  felt  in  the 
heels.  Such  symptoms,  due  to  morbid  blood  states,  occur  chiefly  during 
the  second  half  of  life.     Those  of  gouty  origin,  like  other  symptoms  of  the 
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same  class,  are  especially  common  in  persons  who  inherit  a  tendency  to 
gout  but  have  not  suffered  from  attacks  of  definite  arthritis.  The  treatment 
of  these  symptoms  is  chiefly  that  of  the  blood  state  which  causes  them,  but 
they  may  be  to  some  extent  relieved  by  sedatives,  of  which  bromide  of 
potassium,  Indian  hemp,  and  cimicifuga  are  the  most  effective. 

NUTRITIONAL  DISEASES. 
Among  the  cases  often  classed  as  functional  diseases  of  the  spinal  cord 
are  some  in  which  objective  symptoms  of  deranged  function,  slight  in 
degree  but  definite  in  character,  persist  for  months,  years,  or  for  life.  They 
occur  chiefly  in  those  in  the  early  and  middle  period  of  adult  life,  and  are 
more  common  in  women  than  in  men.  Such  symptoms  are  inability  to 
walk  more  than  a  short  distance  without  fatigue,  impaired  nutrition  of  the 
legs,  slight  increase  of  myotatic  irritability,  often  associated  with  pain  in 
the  back.  If  the  history  of  such  symptoms  is  traced  they  will  generally  be 
found  to  date  from  some  definite  exciting  cause,  from  an  attack  of  acute 
illness,  such  as  typhoid  fever  or  acute  rheumatism,  from  pregnancy,  a  fall, 
and  the  like. .  The  increase  in  myotatic  irritability  is  exceedingly  common  ; 
it  is  enough  to  permit  the  knee  jerk  to  be  obtained  by  tapping  the  depressed 
patella,  but  there  is  rarely  a  distinct  clonus, — at  most  only  two  or  three 
jerks,  quickly  ceasing.  We  can  hardly  conceive  that  symptoms  which  are 
so  persistent  can  depend  on  any  mere  functional  derangement;  it  is  prob- 
able that  they  depend  upon  changes  in  the  finer  nutrition  of  the  nerve 
elements,  too  slight  to  be  detected  by  the  microscope,  causing  a  corre- 
sponding and  persistent  alteration  of  function.  We  have  seen  (p.  154) 
that  the  termination  of  the  upper  segment  of  the  motor  path  is  probably 
that  structure  of  the  cord  which  has  least  nutritional  stability,  and  is  there- 
fore most  susceptible  of  nutritional  derangement.  Hence  we. can  under- 
stand the  frequency  with  which  there  is  an  excess  of  myotatic  irritability  in 
these  cases.  There  are  probable  gradations  between  such  conditions  and 
actual  structural  disease,  in  which  minute  examination  reveals  visible 
alteration.  We  have  already  had  occasion  to  consider  these  nutritional 
changes  as  probably  underlying  the  condition  of  arthritic  muscular  atrophy, 
and  we  have  seen  that  the  alterations  in  spinal  nutrition  in  that  disease  are 
apparently  the  result  of  the  impressions  on  the  peripheral  nerves.  In  women 
such  a  condition  is  often  associated  with  uterine  or  ovarian  pain,  and  with 
sacral  pain,  apparently  of  uterine  origin.  It  is  possible  that  the  condition 
we  have  been  considering  is  sometimes  secondary  to  uterine  pain,  which 
acts  in  a  manner  somewhat  analogous  to  that  in  which  joint  inflammation 
acts,  and  that  this  is  the  explanation  of  some  of  the  cases  in  which  a  reflex 
disturbance  of  the  functions  of  the  cord  has  been  supposed  to  be  of  uterine 
origin.  The  condition  is  often  associated  in  women  with  spinal  pain  and 
tenderness,  analogous  to  that  which  has  been  already  described  as  second- 
ary to  injury,  and  which  we  shall  have  again  to  consider  as  a  variety  of 
neuralgia.  Thus  many  cases  of  nutritional  and  so-called  functional 
derangement  of  the  cord  are  very  complex  in  character. 
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It  is  rare  for  the  indications  of  nutritional  disturbance  of  the  cord  to  pass 
away  altogether  when  they  have  once  become  established.  The  treatment 
of  this  condition  is  first  the  removal  of  any  present  cause  of  depression  of 
function,  such  as  the  diminution  of  uterine  or  spinal  pain ;  secondly,  the 
improvement  of  the  general  health  and  the  avoidance  of  over  fatigue ; 
thirdly,  the  administration  of  nervine  tonics,  such  as  arsenic,  quinine  and 
strychnia.     A  course  of  massage  treatment  is  often  of  distinct  service. 


PART  IV. 
DISEASES  OF  THE  BRAIN. 


INTRODUCTION. 
THE  STRUCTURE  AND  FUNCTIONS  OF  THE  BRAIN. 

The  knowledge  we  possess  of  the  cerebral  structure  and  functions  is 
derived  from  various  sources.  Simple  dissection  of  the  brain  reveals  only 
the  coarser  outlines  of  its  anatomy,  and  is  apt  to  mislead  the  investigator 
who  endeavors,  by  its  aid  alone,  to  unravel  the  complex  connection  of  the 
several  parts.  By  the  aid  of  the  microscope  the  structure  of  isolated  portions 
can  be  ascertained,  but  the  difficulty  and  even  impossibility  of  tracing  the 
course  of  nerve  fibres,  where  thousands  interlace,  places  a  narrow  limit  to 
the  results  to  be  obtained  from  simple  microscopical  examination.  But  the 
differentiation  effected  by  processes  of  degeneration  on  the  one  hand,  and 
of  development  on  the  other,  has  enabled  many  facts  to  be  ascertained  which 
are  of  the  highest  importance,  and  which  must  otherwise  have  remained 
unknown.  The  close  correspondence  between  the  results  obtained  by  these 
two  methods,  the  study  of  development  and  of  degeneration,  not  only  shows 
their  high  value,  but  also  justifies  confidence  in  the  indications  afforded  by 
either,  where  the  two  cannot  be  combined.  The  credit  of  discovering  the 
fact  and  significance  of  secondary  degeneration  belongs  to  Turck,  and 
Flechsig  first  showed  the  value  of  the  structural  indications  of  development, 
by  investigations  which  have  placed  many  points  in  the  anatomy  of  the  brain 
on  a  footing  far  firmer  than  any  other  method  could  supply. 

The  functions  of  the  brain  have  been  ascertained  by  three  methods.  First, 
the  structural  arrangement  of  its  parts  affords  important  suggestions  as  to 
their  function — suggestions  which  are  valuable  in  proportion  to  the  simpli- 
city of  the  structure,  and  the  distinctness,  of  its  connections.  For  instance, 
a  group  of  nerve  cells  gives  origin  to  the  fibres  of  a  cranial  nerve,  and  from 
this  it  is  inferred  that  the  function  of  these  cells  is  to  excite  the  nerve  fibres, 
if  the  nerve  is  motor,  or  to  receive  the  impulses  which  traverse  them,  if  the 
nerve  is  sensory.  Another  source  of  knowledge  is  the  result  of  experiments 
upon  animals,  in  which  portions  of  the  brain  are  removed,  or  destroyed,  or 
stimulated,  and  the  effects  are  observed.  The  results  obtained  in  this  man- 
ner by  Hitzig,  Ferrier,  Munk  and  others,  are  of  very  great  importance  ;  but 
so  far  as  the.  human  brain  is  concerned,  they  are  suggestive,  often  highly 
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suggestive,  but  they  are  not  demonstrative,  and  the  conclusions  thus  reached 
cannot  be  accepted  as  certainly  true  of  man  except  in  so  far  as  they  receive 
confirmation  from  the  third  source  of  knowledge,  the  experiments  wrought 
upon  the  human  brain  by  processes  of  disease  or  by  accidental  violence.  It 
is  to  these  that  we  have  to  look  for  exact  knowledge  and  certain  proof  of  the 
functions  of  the  several  parts  of  the  brain  of  man.  Unfortunately,  the  con- 
ditions of  disease  and  injury  are  usually  very  complex,  and  their  manifesta- 
tions are  correspondingly  involved  and  difficult  to  interpret.  Hence  our 
knowledge  grows  but  slowly,  in  spite  of  the  enormous  amount  of  careful 
observation  which,  at  the  present  day,  is  directed  to  this  subject  in  all  parts 
of  the  world. 

The  following  account  of  the  structure  and  functions  of  the  brain  does  not 
profess  to  be  complete,  even  in  outline.  Its  object  is  to  remind  the  student 
of  the  facts  he  most  needs  to  know,  in  order  to  comprehend  the  symptoms 
and  pathology  of  disease.  Unfortunately,  our  knowledge  is  still  imperfect, 
even  of  the  fundamental  facts.  Many  questions  of  great  importance  are  still 
unanswered,  while  to  others  widely  different  answers  have  been, given  by 
investigators  of  equal  competence.  The  statements  here  made  on  such  points 
are. the  result  not  only  of  a  comparison  of  the  work  of  others,  but  also,  in 
many  instances,  of  an  independent  examination  of  the  point  at  issue.  The 
functions  of  the  brain  will  be  considered  very  briefly,  since  many  of  them  must 
be  discussed  more  fully  in  the  account  of  the  symptoms  of  disease. 

The  few  points  in  the  anatomy  of  the  membranes  which  are  of  medical 

importance  will  be  most  conveniently  considered  in  the  section  on  their 

diseases. 

THE  CEREBRAL  CORTEX. 

The  anatomy  of  the  convolutions  of  the  brain  has  become  of  great  practical 
importance,  on  account  of  the  definite  localization  of  function  found  to 
obtain  in  certain  parts.  For  a  full  account  of  the  convolutions  the  reader 
is  referred  to  works  on  Anatomy,  but  the  most  important  facts  may  be 
briefly  enumerated.  The  longitudinal  fissure  separates  the  two  hemispheres. 
In  each  half  of  the  brain  three  fissures  are  of  leading  importance  (see  Fig.  172), 
the  fissures  of  Sylvius  and  of  Rolando  on  the  outer  surface,  and  the  parieto- 
occipital fissure,  the  extremity  only  of  which  appears  on  the  convexity.  The 
Sylvian  fissure,  at  the  base,  separates  the  prominent  temporal  lobe  from  the 
orbital  surface  of  the  frontal  lobe,  and,  on  the  outer  surface,  divides  into  a 
very  short  anterior  limb,  and  longer  posterior  limb  ;  sometimes  there  are  two 
short  limbs,  one  anterior  and  the  other  vertical  (see  Figs.  172  andi74).  The 
posterior  limb  separates  the  temporal  lobe  below  from  the  parietal  lobe  above. 
Just  above  the  bifurcation  of  the  fissure  of  Sylvius,  but  not  joining  it,  is  the 
lower  extremity  of  the  fissure  of  Rolando,  or  central  sulcus,  which  passes 
upward  and  backward  to  the  longitudinal  fissure,  and  separates  the  frontal 
from  the  parietal  lobe.  The  parietooccipital  fissure  begins  at  the  longi- 
tudinal fissure,  about  midway  between  the  upper  end  of  the  fissure  of 
Rolando  and  the  posterior  extremity  of  the  hemisphere.  It  is  better  marked 
on  the  medial  than  on  the  outer  surface  of  the  hemisphere ;  on  the  latter  it 
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extends  only  for  a  short  distance  from  the  longitudinal  fissure.  It  marks  the 
boundary  between  the  parietal  and  occipital  lobes.  These  three  fissures  are 
the  chief  landmarks  on  the  outer  surface,  and  are  our  guides  in  identifying 

Fig.  172. 
J7R_0NTA     L 


WorZl 

Diagram  of  the  convolutions  and  fissures  on  the  outer  surface  of  the  right  hemisphere.    The  fissures  are 

indicated  by  italics. 

the  various  convolutions.  On  the  inner  or  medial  aspect  (Fig.  1 73)  the 
parieto-occipital  fissure,  at  its  lower  extremity,  joins  another  sulcus  which 
extends  backward  to  the  posterior  extremity  of  the  brain,  the  calcarine 
fissure,  and  the  two  bound  a  wedge-shaped  area,  the  cuneus.     In  the  anterior 


B    ^ 


Fig.  173. 

F.  Ticlando 


TEM  PO*- 
Diagram  of  the  convolutions  and  fissures  on  the  inner  (medial)  surface  of  the  right  hemisphere. 


half  of  this  inner  surface,  the  calloso-marginat  fissure  runs  parallel  with  the 
corpus  callosum,  midway  between  it  and  the  edge  of  the  hemisphere,  to 
which  the  posterior  extremity  of  this  fissure  turns  up,  behind  the  upper  end 
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of  the  fissure  of  Rolando.  Between  this  up-curved  end  and  the  cuneus  is  an 
area  termed  the  pre-cuneus  or,  from  its  shape,  the  quadrate  lobule. 

The  fissure  of  Rolando  runs  between  two  convolutions  which  have  the 
same  direction  as  the  fissure.  These  are  the  ascending  frontal  and  ascending 
parietal  convolutions.  These  two  gyri  are  of  great  importance,  because  they 
contain  the  chief  so-called  "  motor  "  centres.  They  are  sometimes  termed 
the  "central  convolutions,"  "anterior,"  and  "posterior."  They  unite 
below  the  lower  end  of  the  fissure  of  Rolando,  and  the  region  that  occupies 
the  bifurcation  of  the  fissure  of  Sylvius  is  often  termed  the  "operculum." 
The  ascending  frontal  is  bounded  by  a  fissure,  the  precentral  sulcus,  usually 
interrupted  by  the  origin  of  one  or  two  of  the  remaining  frontal  convolu- 
tions, upper,  middle,  and  lower ;  ox  first,  second,  and  third.  The  highest  is 
at  the  margin  of  the  longitudinal  fissure,  the  lowest  curves  round  the  ante- 
rior limb  of  the  fissure  of  Sylvius.  The  upper  part  of  the  ascending  parietal 
convolution  blends  with  the  upper  part  of  the  parietal  lobe  in  the  superior 
parietal  lobule ;  this  also  forms  part  of  the  motor  region,  and  so  does  the 
medial  aspect  of  these  two  central  convolutions,  the  paracentral  lobule  it  is 
termed,  in  front  of  the  .up-curved  end  of  the  calloso-marginal  fissure.  The 
lower  part  of  the  parietal  lobe,  behind  the  ascending  parietal  convolution, 
is  termed  the  inferior  parietal  lobule,  and  is  separated  from  the  superior 
lobule  by  the  inter-parietal  fissure. 

The  lowest  parietal  convolution,  which  bounds,  above,  the  posterior  limb 
of  the  fissure  of  Sylvius,  is  termed  the  supra-marginal  convolution.  In  some 
brains  this  constitutes  almost  the  whole  of  the  inferior  parietal  lobule.  By 
some  authorities  (Turner,  etc.)  the  supra-marginal  gyrus  is  regarded  as 
ceasing  above  the  extremity  of  the  upturned  end  of  the  fissure  of  Sylvius ;  by 
others  it  is  regarded  as  passing  round  this,  so  that  the  gyrus  immediately 
behind  the  upturned  portion  of  the  fissure  is  included  in  the  name.  Behind 
the  upturned  fissure  is  the  angular  gyrus,  which  extends  back  to  the  occipi- 
tal lobe,  upward  to  the  intra-parietal  sulcus,  and  downward  is  continuous 
with  the  first  and  second  temporal  convolutions.  Its  posterior  limit  is 
somewhat  arbitrary,  corresponding  to  a  line  drawn  across  from  the  parieto- 
occipital fissure.  Its  anterior  limit  varies  according  to  the  area  assigned  to 
the  supra-marginal  convolution.* 


*  The  importance  attached  to  the  angular  convolution  renders  it  desirable  to  point  out  the 
different  senses  in  which  the  word  is  used.  The  term  was  taken  from  the  " pli  courbt"  of 
Gratiolet,  applied  by  him  to  the  convolution  in  the  brain  of  the  ape  which  winds  round  the 
top  of  the  fissure  of  Sylvius,  and  as  a  simple  gyrus,  is  limited  behind  by  the  parieto- occipital 
fissure,  which  extends,  in  the  ape's  brain,  far  on  the  outer  surface  of  the  hemisphere.  But 
in  applying  the  term  to  the  more  complex  brain  of  man,  Gratiolet  restricted  it  to  the  posterior 
part  of  the  region  between  the  extremity  of  the  fissure  of  Sylvius  and  the  occipital  lobe.  The 
term  is  now  used  in  three  senses,  (i)  The  whole  region  from  the  end  of  the  fissure  of 
Sylvius  to  the  occipital  lobe.  (2)  The  posterior  two-thirds  of  this  region,  a  small  sulcus, 
parallel  with  the  upturned  fissure  of  Sylvius,  being  taken  as  the  anterior  limit  of  the  angular 
and  posterior  limit  of  the  supra-marginal,  which  is  thus  regarded  as  passing  round  the  fissure 
of  Sylvius.     In  this  sense  the  parallel  fissure  passes  into  the  angular  gyrus.     (3)  The  pos- 
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The  convolutions  passing  from  the  parietal  to  the  occipital  lobes  on  the 
outer  surface  are  called  "annectant;"  the  highest  of  these  is  at  the  outer 
extremity  of  the  short  parieto-occipital  fissure.  ' 

In  the  occipital  lobe  three  short  convolutions  may  often  be  distinguished, 
upper,  fniddle  and  lower.  The  upper  one  is  continuous  with  the  superior 
parietal  lobule  by  the  first  annectant  gyrus.  These  occipital  convolutions 
are  often  not  distinctly  separate.  In  the  temporal  lobe  two  or  three  antero- 
posterior convolutions  can  be  distinguished  on  the  outer  surface.  Of  these  the 
upper,  or  first,  forms  the  inferior  boundary  to  the  fissure  of  Sylvius,  and  is 
continuous  behind  with  the  supra-marginal  or  the  angular  convolution,  or 
with  both,  according  to  the  sense  in  which  these  words  are  used.  The  fissure 
below  this  convolution  is  termed  the  parallel  fissure,  because  it  is  parallel 
with  the  fissure  of  Sylvius.  The  lower  convolution  or  convolutions  (if  two 
can  be  distinguished)  are  continuous  with  the  occipital  lobe. 

On  the  medial  surface  of  the  temporal  lobe  (Fig.  173)  two  or  three  similar 
convolutions  are  visible  ;  and  of  these  the  upper  one  is  the  uncinate  gyrus, 
so  called  because  its  anterior  extremity  is  shaped  like  a  hook.  Beneath  the 
calcarine  fissure  is  the  lingual  gyrus.  In  the  rest  of  -the  medial  surface  the 
gyrus  fornicatus  lies  next  to  the  corpus  callosum,  but  only  constitutes  a  well- 
marked  convolution  in  the  anterior  half  of  the  brain,  where  the  calloso- 
marginal  fissure  separates  it  from  the  marginal  convolution,  which  is,  for  the 
most  part,  the  medial  aspect  of  the  highest  frontal  convolution.  The  other 
divisions  of  the  medial  surface  have  been  already  enumerated.  Within  the 
fissure  of  Sylvius  lie  the  small  convolutions  of  the  island  of  Reil,  or  insula 
(Fig.  1 74),  four  or  five  in  number  (1  to  v,  Fig.  1 74),  which  spread  out  like  a  fan. 
Behind  the  insula,  but  still  entirely  within  the  fissure  of  Sylvius,  two  or  three 
convolutions  connect  the  first  temporal  with  the  parietal  lobe.  They  have 
been  termed  the  retro-insular  or  temporo-parietal  convolutions  (r  i,  Fig.  174). 
Neither  these  convolutions,  nor  those  of  the  insula,  are  visible  until  the  lips 
of  the  Sylvian  fissure  are  separated.  Hence  they  often  escape  examination, 
and  this  is  probably  one  reason  why  little  is  known  of  the  effect  of  their 
isolated  disease.  It  will  be  observed  that  the  boundary  between  the  frontal 
and  parietal  lobes  also  separates  the  two  "  ascending  "  convolutions,  which 
have  been  found  to  have  functions  at  once  similar,  important,  and  unlike 
those  of  most  other  parts  of  the  brain.  Hence  it  is  often  convenient  to 
distinguish  that  part  of  the  frontal  lobe  which  lies  in  front  of  the  ascending 
convolution  as  the  "prefrontal  lobe." 

Relation  of  the  Cortex  to  the  Skull. — The  correspondence  between 
certain  parts  of  the  surface  of  the  brain  and  of  the  skull  has  been  carefully 

terior  third  of  this  region :  the  anterior  limit  being  the  parallel  fissure,  to  which  the  supra- 
marginal  will  then  extend.  (4)  The  term  is  sometimes  used  (and  the  corresponding  "pli 
courbt "  by  French  writers)  to  include  not  only  the  whole  of  this  region,  but  also  that  part 
of  the  supra-marginal  gyrus  which  lies  in  front  of  the  extremity  of  the  fissure  of  Sylvius.  This 
makes  it  correspond  to  the  whole  region  into  which  the  pli  courbe  of  the  ape  has  developed 
in  the  human  brain;  but  it  is  inconsistent  with  the  application  of  the  word  to  the  human 
brain  by  Gratiolet  himself  and  most  other  authorities. 
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investigated  by  Turner,*  Reid,f  and  Horsley ;  J  by  the  last  two,  rules  have 
been  formulated  by  which  the  position  of  the  various  fissures  and  convolutions 
may  be  determined.  The  general  relation  of  the  brain  to  the  bones  of  the 
skull  is  shown  in  Fig.  175.  Beneath  the  frontal  bone  lie  nearly  all  the  lowest 
frontal,  five-sixths  of  the  middle  and  about  three-quarters  of  the  upper 
frontal  convolutions.  The  temporal  bone  covers  the  temporal  lobe  except 
its  posterior  fifth  and  anterior  extremity.  Less  than  half  the  occipital  lobe 
lies  under  the  occipital  bone.  The  rest  of  the  cerebral  cortex  lies  beneath 
the  parietal  bone. 

Horsley's  Rules. — My  colleague,  Mr.  Victor  Horsley,  who  has  had  much 
practical  experience  in  the  surgery  of  the  brain,  employs  a  method  of  finding  the 
position  of  the  important  centres  of  the  brain,  of  which  he  has  published  an 
account  in  the  International  Journal  of  Medical  Science  for  April,  1887.  From 
this  the  following  abstract  is  taken  : — 


:^  ,v< 


Convolutions  within  the  fissure  of  Sylvius.  F  S  a  its  anterior  and  F  S  v 
its  vertical,  and  F  S  p  the  extremity  of  its  posterior  limh.  i-v  the 
short  gyri  of  the  insula;  R  I,  retro-insular  convolutions  connecting 
the  temporal  and  parietal  lobes. 


The  chief  landmarks  on  the  surface  of  the  skull  are  (1)  the  parietal  eminence 
and  (2)  the  curved  temporal  ridge,  which  is  really  double,  a  lower  one,  which  is 
best  marked  and  limits  the  attachment  of  the  temporal  muscle,  and  an  upper  one 
to  which  the  temporal  fascia  is  attached.  The  lower  one  can  be  best  found  by 
making  the  patient  contract  the  muscle  firmly  •  the  upper  one  marks  the  sudden 
change  in  the  slope  of  the  skull  to  the  vertical  direction.  (3)  The  coronal  suture, 
which  can  generally  be  felt  just  above  the  place  where  the  temporal  ridge  crosses 
it  (this  crossing  is  termed  by  Broca  the  stephanion).  If  the  upper  part  cannot  be 
felt,  its  position  can  be  ascertained  by  finding  its  junction  with  the  sagittal  suture. 

The  parieto-squamosal  suture  lies  beneath  the  temporal  muscle:  the  highest 
point  of  its  curve  is  in  a  vertical  line  passing  just  in  front  of  the  articulation  of  the 


*  Journal  of  Anatomy  and  Physiology,  1873,  '74. 

f  Lancet,  1884. 

%  Int.  Jour,  of  Med.  Science,  1887,  April. 
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lower  jaw,  and  it  is  there  two-thirds  of  the  distance  from  the  zygoma  to  the  tem- 
poral ridge. 

The  short  junction  of  the  anterior  inferior  corner  of  the  parietal  bone  with  the 
wing  of  the  sphenoid  (corresponding  nearly  to  the  division  of  the  Sylvian  fissure) 
is  about  half-way  between  the  stephanion  and  the  upper  border  of  the  zygoma. 

The  upper  end  of  the  fissure  of  Rolando  is  best  found  by  the  plan  of  Professor 
Thane.  Measure  the  distance  along  the  middle  line  from  the  root  of  the  nose  to 
the  occipital  protuberance,  and  find  the  middle  point  of  this  distance ;  half  an  inch 
behind  this  point  is  the  upper  extremity  of  the  fissure  of  Rolando.  The  fissure 
makes  an  angle  with  the  middle  line  of  670.  Mr.  Horsley  uses  a  long  strip  of  soft 
metal,  from  which  projects  another  piece  at  this  angle..  When  this  strip  is  laid 
along  the  middle  line  of  the  head,  with  the  junction  of  the  two  parts  over  the 
spot  mentioned,  the  arm  corresponds  in  direction  to  that  of  the  upper  two-thirds 
of  the  fissure  of  Rolando.     In  its  lower  third  the  fissure  is  rather  more  vertical. 


Fig.  175. 


Diagram  of  the  relation  of  the  convolutions  to  the  skull.  F  i,  2  and  3,  upper  middle  and  lower  frontal  con- 
volutions ;  A  F,  A  P,  ascending  frontal  and  parietal ;  S  P,  sup.  parietal  lobule  ;  Ang.  angular  gyrus ;  Oc 
L,  occipital  lobe  ;  T  1,  2,  3,  the  temporal  convolutions  ;  P  O  F,  parieto-occipital  fissure ;  F  Sy  and  F  Sy  P, 
fissure  of  Sylvius  and  its  posterior  limb. 


The  anterior  limb  of  the  fissure  of  Sylvius  runs  upward  from  the  parieto-sphe- 
noidal  junction  above  mentioned.  The  posterior  limb  passes  backward  and 
upward  just  above  the  ascending.part  of  the  parieto-temporal  suture,  and  from  the 
highest  part  of  this  it  curves  upward  toward  the  centre  of  the  parietal  eminence. 

The  lower  half  of  the  precentral  sulcus  is  parallel  to  and  just  behind  the 
coronal  suture.  The  inter-parietal  sulcus  lies,  in  its  ascending  part,  midway 
between  the  line  of  the  fissure  of  Rolando  and  the  parietal  eminence,  and  then 
passes  backward  midway  between  the  latter  and  the  middle  line  of  the  skull. 

The  ascending  frontal  convolution  begins  below,  beneath  the  anterior  inferior 
angle  of  the  parietal  bone,  in  front  of  the  prolonged  line'of  the  fissure  of  Rolando, 
between  this  and  the  prolonged  line  of  the  lower  part  of  the  precentral  sulcus  ;  in 
front  of  the  latter  will  be  the  root  of  the  lower  frontal ;  behind  the  ascending 
frontal  the  root  of  the"  ascending  parietal. 
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Reid's  Rules. — The  most  important  of  Reid's  rules  are  the  following :  some 
additions  are  enclosed  in  brackets.  As  a  base  is  taken  a  line  running  from  the 
inferior  margin  of  the  orbit  (Fig.  176),  through  the  middle  of  the  auditory  meatus. 
The  posterior  limit  of  the  fissure  of  Sylvius  lies  beneath  the  hinder  three-fifths  of 
a  line  drawn  from  the  external  angular  process  of  the  frontal  bone  to  a  point 
three-quarters  of  an  inch  below  the  most  prominent  part  of  the  parietal  bone  (this 
may  be  termed  the  Sylvian  line).  The  anterior  limb  of  the  fissure  ascends  from 
this  line  above  the  middle  of  the  zygoma.  The  temporal  ridge  corresponds  nearly 
to  the  fissure  between  the  middle  and  lowest  frontal  convolutions.  If  the  Sylvian 
line  is  prolonged  to  the  sagittal  suture,  it  will  give  the  position  of  the  parieto- 
occipital fissure  (and  the  occipital  lobe,  half-vision  centre,  lies  between  this  and 
the  base  line).  A  perpendicular  from  the  base  line,  at  the  depression  in  front  of 
the  auditory  meatus,  cuts  the  Sylvian  line  where  the  fissure  of  Rolando,  if  pro- 
longed, would  join  the  Sylvian  fissure,  and  the  position  of  the  fissure  of  Rolando 
is  under  a  line  drawn  from  this  point  to  the  place  at  which  the  sagittal  suture  is 


Fig.  176. 


Fig.  177. 


Guiding  lines  of  Reid. 


Relations  of  the  fissures  and  convolutions  to  the 
guiding  lines.* 


cut  by  a  perpendicular  drawn  to  the  base  line  drawn  from  the  posterior  border  of 
the  mastoid  process.  The  central  convolutions  occupy  about  an  inch  on  each  side 
of  the  Rolandic  line.  The  position  of  the  centres  for  the  leg,  arm  and  face  can 
thus  readily  be  ascertained,  since  they  lie  on  each  side  of  the  fissure  of  Rolando. 
The  angular  gyrus  lies  immediately  behind  the  most  prominent  part  of  the  parietal 
eminence.  The  first  temporal  convolution  lies  below  the  Sylvian  line,  over  the 
ear  and  mastoid  process. 

Structure  of  the  Cortex.— The  nerve  fibres  of  the  white  substance  radiate 
into  the  cortex,  passing  between  the  nerve  cells,  and  in  places  separating  these 
into  vertical  groups.  The  cells  are  of  various  forms  and  sizes,  certain  of  which 
predominate  at  different  depths  from  the  surface,  thus  permitting  a  distinction  into 
layers.  Each  layer  contains  many  kinds  of  cells,  but  those  which  are  in  greatest 
number  give  to  the  layer  its  distinctive  character.  Considerable  variations  exist 
in  different  parts  of  the  brain  in  the  number,  characters,  and  relative  thickness  of 


*  I  am  indebted  to  Dr.  Reid  for  permission  to  reproduce  these  figures. 
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the  layers,  and  their  precise  division 
has  been  the  subject  of  much  discus- 
sion.* There  is  especially  a  marked 
difference  between  the  characters  of 
the  cortex  in  the  central  convolutions 
(ascending  frontal,  ascending  parietal, 
and  paracentral  lobule)  and  in  the  rest 
of  the  outer  surface  of  the  hemisphere. 
It  may  be  said  generally  that  the  three 
layers  next  the  surface  present  nearly 
the  same  characters  over  the  greater 
part  of  the  cortex,  varying,  however, 
in  thickness.  The  deepest  layer,  next 
the  white  substance,  is  also  very  uni- 
form in  its  character ;  the  chief  varia- 
tions are  in  the  elements  which  inter- 
vene between  the  three  superficial 
layers  and  the  deepest  layer. 

In  the  central  convolutions  (as  the 
ascending  frontal)  the  layers  present 
the  cell  forms  shown  in  the  first  col- 
umn in  Fig.  178.  Above,  next  the 
surface,  is  a  narrow  superficial  layer 
containing  few  cells,  and  those  of 
doubtful  nature,  chiefly  small  corpus- 
cles, more  or  less  rounded.  Similar 
corpuscles  are  also  scattered  through 
all  the  layers.  This  superficial  stra- 
tum contains  also  many  delicate  nerve 
fibres  (Remak,  Lockhart  Clarke,  Ex- 
ner).  Beneath  this  is  a  layer  of  small 
pyrajnidal  cells  densely  massed,  with  a 
few  nuclear  elements.  The  cells  have 
the  apex  of  the  pyramid  turned  toward 
the  surface.  The  next  layer  is  com- 
posed of  large  pyramidal  cells,  less 
densely  massed,  and  partially  sepa- 
rated into  columns  by  the  bundles  of 
nerve  fibres.  The  cells  in  the  upper 
part  of  the  layer  are  little  larger  than 
those  of  the  second  layer,  but  they 
increase  in  size  in  the  deeper  parts. 
The  apex  of  each  is  turned  toward  the 
surface  and  from  it  a  long  process  may 
be  traced.    From  the  centre  of  the 


Fig.  178. 


Tirat  Anmdint 


*  They  were  studied,  first,  by  Baillarger, 
thirty  years  ago;  subsequently  by  Lock- 
hart  Clarke,  Meynert,  and  others;  and, 
more*  recently,  they  have  been  investigated 
with  much  care  by  Betz  and  Bevan  Lewis. 


Diagrammatic  sketch  of  the  layers  of  the  cortex 
cerebri.  The  drawings  were  made  from  sections  of 
the  ascending  frontal  and  first  annectant  convolu- 
tions (the  latter  near  the  extremity  of  the  parieto-occi- 
pital  fissure).  The  sections  were  kindly  furnished  me, 
as  representative  of  the  so-called  motor  and  sensory 
types,  by  Dr.  Bevan  Lewis. 
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base  another  process  extends,  continuous,  it  is  said,  with  the  axis  cylinder  of  a 
nerve  fibre,  while  from  the  angles  branching  processes  are  given  off.  The  small 
pyramidal  cells  occur  also,  in  fewer  number,  throughout  this  layer,. and  at  some 
parts  of  the  brain  they  are  more  numerous  in  the  deepest  part  of  the  layer.  The 
next  layer  is  characterized  by  nerve  cells  which  are  irregular  in  shape,  and  often 
triangular.  Many  of  them  resemble  the  motor  nerve  cells  of  the  spinal  cord,  and 
hence  it  has  been  proposed  by  Bevan  Lewis  to  call  this  layer  the  ganglion-cell 
layer.  The  cells  vary  much  in  size.  Some  are  small  angular  elements,  the  size 
of  the  small  pyramidal  cells  of  the  second  layer,  others  are  as  large  as  the  large 
pyramidal  cells  of  the  third  layer,  but  both  differ  from  the  cells  of  the  second  and 
third  layer  in  being  very  rarely  distinctly  pyramidal  in  form  and  in  being  less 
regularly  placed.  Moreover,  in  this  layer  some  cells  are  met  with  which  exceed 
the  size  of  the  largest  pyramidal  cells  ;  some  are  even  three  times  the  size  of  the 
latter.  These  are  the  "  giant  cells  "  of  Betz,  and  were  once  regarded  as  pathologi- 
cal, but  every  gradation  is  seen  between  them  and  the  ordinary  ganglion  cells  of 
the  layer.  The  largest  cells  occur  in  groups  of  two  to  five,  and  are  almost  con- 
fined to  the  central  region,  while  the  smaller  ganglion  cells  of  this  layer  are  met 
with  over  the  greater  part  of  the  surface  of  the  brain.  Beneath  this  stratum  is  a 
layer  in  which,  with  a  few  angular  cells,  there  are  many  fusiform  cells.  Hence  it 
is  called  the  spindle-cell  layer.  It  is  the  deepest  layer  of  the  cortex,  and  beneath 
it  is  the  white  substance  of  the  hemisphere,  among  the  fibres  of  which  are  many 
nuclei  and  a  few  angular  and  spindle  cells,  especially  near  the  cortex.  Thus  the 
type  here  is  five  laminated. 

In  the  region  of  the  brain  behind  the  central  convolutions  (and  also  in  the 
anterior  part  of  the  frontal  lobe),  the  structure  of  the  cortex  more  or  less  resem- 
bles that  shown  in  the  second  section  in.  Fig.  178,  which  is  from  the  first  annectant 
gyrus.  It  will  be  seen  that  the  first  three  layers,  superficial,  small  pyramid,  and 
large  pyramidal  layers,  closely  resemble  those  of  the  other  section,  and  so  also 
does  the  deepest  or  spindle-celled  layer.  The  ganglion-cell  layer  is  rather  narrow 
and  contains  no  very  large  cells.  Above  it,  and  between  it  and  the  large  pyra- 
mid layer,  is  a  stratum  of  small  round  or  angular  granule-like  elements  with  a  few 
rather  larger,  but  still  small,  angular  cells.  It  has  been  called  the  granule  layer. 
At  the  extremity  of  the  occipital  lobe  this  granule  layer  is  considerably  larger, 
and  the  pyramidal  cells  are  much  less  developed,  while  in  the  cornu  ammonis  the 
latter  are  alone  found.  The  claustrum  is  composed  of  fusiform  cells,  and  hence 
is  regarded  as  a  detached  part  of  the  deepest  layer. 

We  can  merely  surmise  the  functional  significance  of  the  several  varieties  of 
cells.  It  is  important  to  note  that  the  transition  from  one  type  of  structure  to 
another  is  everywhere  gradual,  and  that  (with  the  exception  of  the  very  large 
ganglion  cells)  each  form  of  cell  can  be  found  in  almost  all  parts  of  the  brain. 
The  localization  of  the  largest  ganglion  cells  in  the  so-called  motor  regions,  and 
the  analogy  between  these  and  the  motor  cells  of  the  cord,  make  it  highly  prob- 
able that  they  are  motor  in  function.  It  has  been  conjectured  that  the  large 
pyramidal  cells  are  also  motor,  but  from  the  wide  extent  of  this  formation  it  is 
possible  that  the  function  of  these  cells  varies  according  to  their  connections.  The 
preponderance  of  the  granule  cells  at  the  posterior  portion  of  the  brain,  and  their 
similarity  to  the  cells  of  the  posterior  cornu  of  the  spinal  cord,  has  suggested  that 
they  are  sensory  in  function. 

Functional  Regions  of  the  Cortex. — Doubt  was  formerly  entertained 
as  to  the  existence  of  differentiation  of  function  in  different  parts  of  the 
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cortex,  but  recent  researches  have  established  the  existence  of  a  differentiation 
which  has  almost  revolutionized  cerebral  physiology,  and  has  vastly  extended 
the  range  of  cerebral  diagnosis.  The  first  step  of  the  new  discovery  was 
constituted  by  the  clinical  and  pathological  investigations  of  Hughlings 
Jackson,  which  suggested  the  existence,  on  each  side  of  the  fissure  of 
Rolando,  of  special  centres  for  the  movements  of  the  leg,  arm  and  face. 
These  observations  led  to  the  experiments  of  Ferrier,  which  resulted  in  the 
demonstration  of  the  existence  in  the  cortex  of  the  lower  animals  of  well- 
defined  regions,  stimulation  of  which  caused  separate  movements,  or 
evidence  of  special  sense  excitation,  while  the  destruction  of  the  same  parts 
caused  indications  of  a  loss  of  the  corresponding  function.  Hence  he  came 
to  the  conclusion  that  these  regions  constitute  actual  motor  and  sensory 
centres.  Ferrier  had,  however,  been  anticipated  in  many  of  these  results  by 
two  German  experimenters,  Fritsch  and  Hitzig,  whose  results,  differing  a 
little  in  detail,  correspond  closely  in  their  general  significance.  Many  other 
investigations  of  the  same  character  have  since  been  made,  of  which  those 
of  Munk  are  especially  important.  The  original  observations  of  Hughlings 
Jackson  left  little  doubt  that  the  general  facts,  learned  from  experiments  on 
animals,  are  true  of  man ;  and  this  conclusion  has  been  to  a  large  extent 
confirmed  by  pathological  and  clinical  observations  directed  to  the  verifica- 
tion on  man  of  the  experimental  results.  To  this  verification  the  labors  of 
Charcot  and  his  coadjutors  have  largely  contributed.  But  the  verification 
has  already  made  it  probable  that  some  differences  exist  between  the  brain 
of  man  and  of  other  animals  (even  of  monkeys),  and  that  the  conclusions 
from  the  latter  cannot  be  simply  transferred  to  the  former. 

CORTICAL  CENTRES  IN  THE  MONKEY. 

Before  considering  the  indications  of  the  position  of  the  various  centres  in  the 
cortex  of  the  human  brain,  it  may  be  well  to  enumerate  the  chief  functional  regions 
ascertained  by  Ferrier  and  others  in  the  brain  of  the  monkey. 

Motor  Centres. — Superior  parietal  lobule  (except  the  part  adjacent  to  the 
fissure  of  Rolando) :  movement  of  the  leg  and  foot,  flexion  of  the  hip,  extension 
of  the  knee,  flexion  of  the  ankle. 

Highest  and  adjacent  parts  of  the  ascending  frontal  and  parietal  convolutions, 
close  to  the  margin  of  the  hemisphere,  together  with  the  root  of  first  frontal : 
flexion  and  outward  rotation  of  thigh,  rotation  inward  of  leg,  flexion  of  toes,  as  in 
scratching  abdomen  with  foot.  (Horsley  and  Schafer*  obtained  movements  of 
the  leg  also  from  the  medial  aspect  of  the  convolutions  on  each  side  of  the 
extremity  of  the  fissure  of  Rolando.  Horsley  and  Beevor  found  movement  of 
the  great  toe  chiefly  represented  in  the  upper  extremity  of  the  ascending  frontal.) 

Adjacent  parts  of  ascending  frontal  and  parietal,  outside  the  last  centre  but  still 
opposite  the  highest  frontal  convolution  .  adduction  and  extension  of  arm,  prona- 
tion of  hand. 

Ascending  frontal  and  base  of  the  highest  frontal :  extension  of  elbow,  move- 
ment forward  at  shoulder,  and  synchronous  movement  of  leg.      (Horsley  and 

*  Proc.  Roy.  Soc,  1883. 
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Schafer  obtained  movements  of  the  arm  from  the  medial  aspect  of  the  posterior 
half  of  the  highest  frontal.) 

Ascending  frontal,  opposite  upper  part  of  middle  frontal :  supination  of  hand 
and  flexion  of  forearm. 

Middle  three-fifths  of  ascending  parietal :  movements  of  hand,  especially 
clenching  of  fist.* 

Ascending  frontal,  opposite  lower  half  of  middle  frontal:  elevation  and  retraction 
of  angle  of  mouth. 

Ascending  frontal,  opposite  highest  part  of  third  frontal:  elevation  of  upper  lip 
and  ala  of  nose. 

Lowest  part  of  ascending  parietal :  retraction  of  angle  of  mouth  by  platysma. 

Lowest  part  of  ascending  frontal :  movements  of  lips  and  tongue  (and  in  the 
anterior  part,  closure  of  the  vocal  cords,  according  to  Horsley  and  Semon). 

Posterior  half  of  upper  and  middle  frontal  convolutions:  lateral  movement  of 
head  and  eyes,  with  elevation  of  eyelids. 

{Medial  aspect  of  top  of  ascending  frontal,  i.  e.  corresponding  region  of  the  mar- 
ginal convolution,  movement  of  the  trunk. — Horsley  and  Schafer.) 

Sensory  Centres. — Stimulation  of  the  angular  convolution  caused  a  move- 
ment of  the  eyes  to  the  opposite  side,  suggestive  of  a  visual  sensation.  Extirpa- 
tion of  the  angular  gyrus  caused  amblyopia  of  the  opposite  eye,  more  or  less  tran- 
sient, and  destruction  of  this  convolution  in  both  hemispheres  caused  permanent 
blindness.  (Munk  found  that  hemianopia  was  produced  by  destruction  of  the 
occipital  lobe,  and  Ferrier  found  that  destruction  of  the  occipital  lobe  and  angular 
gyrus  caused  not  only  transient  amblyopia  of  the  opposite  eye,  but  also  perma- 
nent hemianopia.  He  failed  to  obtain  any  affection  of  vision  by  extirpation  of 
the  occipital  lobe  only,  even  on  both  sides.  Nevertheless,  human  pathology  has 
fully  confirmed  the  correctness  of  Munk's  conclusion.) 

Stimulation  of  the  anterior  part  of  the  uncinate  convolution  caused  movement 
of  the  nostril  suggestive  of  a  sensation  of  smell  on  the  same  side.  Isolated  extir- 
pation of  these  regions  is  impossible,  but  the  destruction  of  it,  together  with  other 
parts,  always  caused  loss  of  smell. 

Stimulation  of  the  superior  temporo-sphenoidal  convolution  caused  a  movement 
suggestive  of  an  auditory  sensation  on  the  opposite  side,  and  destruction  of  this 
convolution  caused  deafness  on  the  opposite  side. 

Destruction  of  the  hippocampal  region  (gyrus  hippocampi  and  hippocampus) 
seemed  to  cause  partial  loss  of  sensibility  to  touch  and  pain  on  the  opposite  side. 
(Horsley  and  Schafer  found  that  extensive  lesions  of  the  gyrus  fornicatus  had  a 
similar  effect.  Munk's  experiments  point  to  the  outer  surface,  and  especially  the 
central  region,  as  that  in  which  cutaneGus  sensibility  is  chiefly  represented.) 

*  Horsley  and  Beevor  (Proc.  Roy.  Soc,  1886)  found  that  the  representation  of  the  arm  is 
as  follows :  In  the  highest  part  of  the  arm  region  of  the  two  central  convolutions,  opposite 
the  upper  frontal  sulcus,  the  shoulder  movements  are  represented ;  next,  below,  come  the 
movements  of  the  elbow  behind  and  of  the  wrist  in  front,  while  in  the  lowest  part  the  move- 
ments of  the  fingers  are  represented  in  front,  and  of  the  thumb  behind.  But  this  is  only  the 
maximum  representation  of  the  several  parts,  in  which  the  special  movement  is  produced  by 
the  weakest  currents.  There  is  scarcely  any  part  in  which  movements  of  the  elbow  and 
wrist  are  not  produced,  or  in  which  they  are  produced  alone.  Hence  the  experimenters 
conclude  that  the  representation  of  the  movement  of  these  parts  is  subordinate  to  that  of  the 
shoulder  on  the  one  hand  and  of  the  digits  on  the  other. 
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Cortical  Centres  in  the  Human  Brain. — The  evidence  we  possess 
regarding  the  cortical  centres  in  the  human  brain  is  derived  solely  from  the 
comparison  of  the  effects  of  disease,  observed  during  life,  with  its  position 
ascertained  after  death.  It  is  probable,  however,  that  brain  surgery  may 
indirectly  increase  considerably  the  facts  at  our  disposal.  The  evidence  at 
present  available  shows  that  there  is  a  general  correspondence  between  the 
cortical  centres  of  man  and  those  of  the  monkey.  At  the  same  time  our 
knowledge  of  many  of  the  centres  of  the  human  brain  is  not  yet  precise,  and 
we  are  not  justified  in  assuming  a  precision  at  present  unwarranted  by  the 
actual  evidence. 

The  evidence  of  the  position  of  these  centres  is  afforded  by  cases  in  which 
small  lesions  have  caused  definite  loss  of  function ,  motor  or  sensory,  or  definite 
excitation  of  function.  The  irritation  symptoms  are  of  chief  significance  in 
the  case  of  the  motor  function,  and  are  constituted  by  local  spasm,  or  more 
commonly  by  convulsion  beginning  in  or  limited  to  one  part.  But  such 
convulsion  may  be  caused  by  disease  adjacent  to,  as  well  as  by  that  which 
is  in,  a  cortical  centre,  and  therefore  such  cases  afford  less  precise  and  certain 
evidence  than  do  those  in  which  there  is  local  destruction  of  tissue  and  local 
paralysis. 

It  is  only  under  certain  conditions,  however,  that  even  destroying  lesions 
can  be  taken  as  evidence  of  functional  localization.  Those  conditions  have 
been  rightly  insisted  on  by  Nothnagel  in  his  work*  on  this  subject,  a  work 
which  is  a  model  of  scientific  method.  It  is  only  the  lasting  symptoms 
which  can  be  regarded  as  related  to  the  damaged  region  of  the  brain,  because 
an  acute  lesion  frequently  causes,  for  a  time,  symptoms  of  much  wider 
range  than  strictly  correspond  to  the  destruction.  Such  wide  symptoms  are 
due  to  pressure,  secondary  vascular  disturbance,  or  irritative  inhibition. 
Hence  sufficient  time  must  be  allowed  to  elapse  for  these  "  indirect "  effects 
to  pass  away  before  any  inference  can  be  drawn  ;  that  is,  only  such  symp- 
toms as  have  lasted  for  some  weeks  can  be  regarded  as  having  real  significance, 
and  cases  of  shorter  course  are  of  small  value. 

Negative  evidence  is  also  important — the  occurrence  of  lesions  in  certain 
parts  without  the  production  of  certain  symptoms.  But  another  condition 
must  be  observed  in  the  reception  of  this  evidence.  The  nerve  structures 
are  remarkably  tolerant  of  morbid  processes  that  develop  gradually.  Tumors 
or  abscesses  may  form  in  the  position  of  structures  that  are  known  to  have  a 
certain  function,  and  there  may  be  no  symptoms  of  disturbance  of  that 
function,  or  such  symptoms  may  be  slight,  even  when  the  structures  are 
apparently  destroyed  by  the  morbid  processes.  In  these  cases  the  nerve 
elements  are  displaced  and  not  destroyed ;  any  damage  they  have  suffered 
has  been  so  slowly  produced  that  it  has  not  deranged  their  function.  Hence 
the  negative  evidence  afforded  by  such  cases  is  of  almost  no  value.  On  the 
other  hand,  these,  and  other  lesions  which  cause  pressure  or  irritation,  often 
produce  symptoms  of  much  wider  extent  than  corresponds   to  the  posi- 

*  "Topische  Diag.  der  Gehirnkrankheiten,"  Berlin,  1879. 
29 
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tion  of  the  lesion  or  to  its  direct  influence, — effects  which  are  analogous 
in  nature  to  the  "indirect  "  initial  consequences  of  an  acute  lesion.  Hence 
the  positive  evidence  afforded  by  irritating  and  compressing  lesions  can  only 
be  accepted  with  reserve.  Neglect  of  these  considerations  has  deprived  of 
almost  all  value  one  of  the  most  laborious  investigations  into  this  problem 
— that  of  Exner.* 

There  are  some  functions  of  the  cortex  that  elude  localization  for  another 
reason,  because  their  loss  is  quickly  compensated  by  the  other  hemisphere. 
It  appears  that  one-sided  movements  are  represented  in  both  hemispheres, 
and  can  be  excited  from  either,  in  proportion  as  they  are  habitually  asso- 
ciated on  the  two  sides.  This  law,  first  stated  by  Broadbent,  is  of  extreme 
importance,  and  we  shall  have  to  return  to  it  many  times.  The  above 
statement  of  it  is  perhaps  only  part  of  the  truth,  but  it  enables  us  to  understand 
the  absence  of  any  evidence  as  to  the  position  of  the  centres  for  certain 
movements.  Before  the  indirect  effects  of  a  lesion  have  passed  away,  and 
the  persistent  symptoms  can  be  admitted  "into  court,"  the  loss  of  the.  move- 
ments referred  to  has  passed  away,  because  the  other  hemisphere  has  supplied 
the  lost  function.  It  is  so,  for  instance,  in  the  case  of  lateral  movement  of 
the  head  and  eyes,  the  movement  of  the  muscles  of  mastication,  and  many 
movements  of  the  trunk. 

The  evidence  at  present  available  consists  of  a  large  number  of  facts,  ascer- 
tained by  various  observers,  many  of  which  have  been  collected  and  care- 
fully compared  by  Nothnagel,  Charcot  and  Pitres,f  and  Allen  Starr. J 

Motor  Centres. — There  is  conclusive  evidence  that  the  two  ascending 
convolutions  have  the  same  special  relation  to  voluntary  motion  as  in  the 
monkey.  It  is  also  certain  that  the  paracentral  lobule  on  the  medial  aspect 
of  these  convolutions  has  a  similar  function,  and  that  the  motor  region 
extends  through  part  at  least  of  the  superior  parietal  lobule,  and  perhaps  on 
to  the  root  of  the  highest  frontal  convolution.  Destructive  lesions  in  these 
parts  cause  paralysis  on  the  opposite  side,  while  irritating  disease  causes 
convulsion  of  corresponding  situation.  Lesions  elsewhere  in  the  cortex 
cause  no  persistent  paralysis.  There  is  at  present  no  direct  evidence  that 
the  motor  region  in  man  extends  beyond  the  ascending  frontal,  with  the 
possible  exception  of  the  root  of  the  first  frontal. 

It  is  from  this  motor  region  that  the  fibres  arise  which,  as  we  shall  see,  pass 
down  through  the  white  substance  into  the  anterior  pyramids  of  the  medulla, 
and  the  pyramidal  tracts  of  the  spinal  cord.  Through  these  fibres  the  nerve 
impulses  pass  that  ultimately  excite  the  muscles.  Lesions  of  the  cortex  in 
this  region  cause  a  descending  degeneration  of  these  pyramidal  fibres. 

We  can  distinguish  in  these  convolutions  regions  related  to  the  leg,  arm, 
face  and  tongue,  which  have  the  same  relative  position  as  in  animals. 

*  "  Untersuch.  u.  d.  Localisation  der  Grosshirnrinde,"  Wien,  18S1. 
f  In  a  valuable  series  of  papers  in  the  Revue  de  Mid.,  1883. 

%  In  critical  and  analytical  collections  of  cases  in  the  American  Journal  of  Medical 
Science,  and  other  American  periodicals,  during  the  last  three  or  four  years. 
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The  centre  for  the  leg  occupies  the  highest  part  of  the  motor  region, 
namely,  the  ascending  frontal  and  parietal  convolutions,  adjacent  to  the 
longitudinal  fissure.  We  do  not  at  present  know  how  far  back  it  extends 
in  the  superior  parietal  lobule,  or  how  far  outward  it  extends  on  the 
ascending  frontal.  It  does  not  seem  to  extend  further  than  the  upper 
frontal  sulcus,  perhaps  not  so  far.  There  may  be  individual  variations  in 
the  area  occupied  by  the  leg  centre.     It  certainly  occupies  also  the  para- 
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Position  of  the  cortical  centre    or  the  leg.     It  is  doubtful,  however,  whether  the  centre  extends  so  far  back 
in  the  superior  parietal  lobule  (S  P),  as  is  here  represented  on  the  outer  surface. 

central  lobule  on  the  inner  surface.  We  do  not  know  how  far  the  repre- 
sentation of  separate  movements  corresponds  to  the  arrangement  in  animals, 
but  in  many  cases  of  convulsion  beginning  in  the  foot,  the  disease  has  been 
in  or  near  the  junction  of  the  highest  frontal  and  ascending  frontal  con- 
volutions. Moreover,  evidence  of  the  representation  of  movements  of  the 
great  toe  in  front  of  the  highest  part  of  the  fissure  of  Rolando  is  shown  by 
a  case  in  which  convulsions  beginning  in  the  toe  were  due  to  a  cicatrix  in 


Fig.  iSt. 


Position  of  the  arm. 


Fig.  182. 


Position  of  the  centre  for  the  face  and  tongue. 


this  situation,  and  the  removal  of  the  part  by  Horsley  left  paralysis  of  the 
toe  only.* 

The  arm  centre  (Fig.  181)  appears  to  occupy  the  middle  third  of  these 
convolutions,  but  extends  higher  up  the  ascending  frontal  than  the  ascending 
parietal,  perhaps  reaching  almost  to  the  edge  of  the  hemisphere.  A  small 
lesion  very  near  the  longitudinal  fissure  has  paralyzed  the  arm.  It  is 
probable  that  this  centre  overlaps  that  for  the  leg. 

The  centre  for  the  movement  of  the  face  (Fig.  182)  lies  in  the  lower  third 

*  Horsley,  Int.  Journal  of  Med.  Science,  April,  1887. 
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of  the  ascending  frontal.  It  is  probable,  but  not  yet  proved,  that  it  extends 
on  to  the  ascending  parietal.  The  centre  for  the  movement  of  the  angles 
of  the  mouth  lies  opposite  the  fissure  between  the  middle  and  lower  frontal 
convolutions.*  The  lips  and  tongue  are  apparently  represented  together  in 
the  lowest  part  of  the  ascending  frontal  and  perhaps  in  the  adjacent  root  of 
the  third  frontal.  The  orbicularis  oris  and  the  transverse  fibres  of  the 
tongue  habitually  act  together ;  hence  we  cannot  separate  the  centres  for 
the  face  and  tongue,  f 

We  have  no  evidence  at  present  as  to  the  position  of  the  centre  for  the 
movement  of  the  head  and  eyes  (said  to  occupy,  in  the  monkey,  parts  of  the 
first  and  second  frontal),  nor  whether  the  centre  for  the  trunk  muscles  has 
the  position  assigned  to  it  by  Horsley  and  Schafer  on  the  inner  surface  of 
the  hemisphere  (see  p.  456).  The  reason  for  this  uncertainty  has  been 
already  mentioned ;  compensation  occurs  so  readily  that  the  loss  of  move- 
ment quickly  passes  away.  J  It  has  been  thought  that  there  is  a  centre  for 
the  movement  of  the  upper  eyelid  in  the  lower  parietal  lobule  (Landouzy 
and  Grasset),  but  the  evidence  of  this  is  at  present  inconclusive. 

There  has  been  much  discussion  regarding  the  precise  nature  of  these 
centres,  and  opinion  is  still  divided  on  the  matter.  It  is  certain,  how- 
ever, that  movements  are  produced  by  their  stimulation  in  man  as  well  as  in 
animals. §  It  is  certain,  also,  that  the  fibres  which  conduct  motor  impulses 
to  the  cord  spring  from  them,  and  pass  directly  downward.  Hence  it  is 
difficult  to  believe  that  any  considerable  amount  of  error  can  be  involved  in 
designating  the  region  "  motor;  "  especially  from  the  standpoint  of  prac- 
tical medicine.  We  need  not,  therefore,  conceive  that  these  parts  subserve 
no  other  function  (we  shall  presently  see  reason  for  believing  that  they  have 
sensory  as  well  as  motor  functions).  It  is  instructive,  in  this  connection,  to 
note  that  in  this  part  are  found  the  largest  ganglion  cells  met  with  in  the 
cortex,  cells  comparable  to,  though  exceeding  in  size,  the  certainly  motor 
cells  of  the  anterior  cornu  of  the  spinal  cord.|| 


*  See  the  conclusive  case  of  Dr.  Berkeley,  of  Baltimore,  figured  in  the  chapter  on  facial 
spasm. 

f  It  is  probable  that  the  movements  of  the  jaw  are  also  represented  in  this  region.  In 
the  course  of  an  operation  on  man,  Horsley  found  that  the  stimulation  of  the  ascending 
frontal,  at  the  junction  of  the  middle  and  upper  third  of  the  facial  region,  caused  a  lateral 
movement  of  the  jaw,  as  well  as  of  the  angle  of  the  mouth. 

J  It  is  in  the  highest  degree  probable  that  the  position  of  the  centres  corresponds  to  that  in 
the  monkey,  and  this  is  supported  by  an  interesting  case  recorded  by  Horsley  [Int.  Jour,  of 
Med.  Science,  April,  1887),  which  is  not,  however,  quite  conclusive. 

\  First  demonstrated  by  Bartholow,  and  since  abundantly  confirmed  in  the  course  of  surgical 
procedure. 

||  A  theory  of  the  nature  of  the  so-called  motor  centres,  which  has  received  wide  accept- 
ance in  Germany,  is  that  of  Munk.  This  theory  regards  them  as  essentially  sensory ;  the 
movements  which  result  from  their  activity  are  due  to  the  fact  that  the  nerve  processes  in  them 
represent  "  conceptions  of  movements  "  composed  of  the  cutaneous  and  muscular  sensations 
and  sensations  of  active  innervation.     These  are  regarded  as  essentially  sensory  conceptions, 
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Sensory  Centres. — Our  knowledge  of  the  position  of  the  centres  for  sensa- 
tion of  the  limbs  and  trunk  is  far  less  precise  than  is  that  of  the  motor  cen- 
tres. According  to  Flechsig  the  fibres  of  the  sensory  path  of  the  internal 
capsule  pass  toward  the  outer  surface  of  the  cortex,  toward  the  region 
which,  roughly  speaking,  lies  beneath  the  parietal  bone,  i.  e.,  the  central 
convolutions  and  the  parietal  lobe.  The  meagre  facts  of  pathology,  as 
far  as  they  go,  are  in  harmony  with  this  view.  One  case  is  shown  in  Fig. 
185.  In  another  case  complete  left-sided  loss  of  sensibility,  including  the 
eye  and  other  special  senses,  resulted  from  a  layer  of  softening  at  and  just 
beneath  the  surface  of  the  greater  part  of  the  convexity  of  the  right  hemi- 
sphere, the  medial  aspect  and  internal  capsule  being  unaffected.*  The  view 
that  the  central  convolutions  have  some  sensory  function,  as  well  as  a  motor 
function,  is  supported  by  the  facts  that  there  is  often  slight  blunting  of  sen- 
sibility on  the  extremity  of  a  limb  paralyzed  by  disease  in  this  region,  and 
that  in  convulsions  due  to  irritating  lesions  in  this  situation,  a  sensory  aura 
very  often  precedes  the  motor  spasm.  It  is  quite  possible  that  the  sensory 
region  extends  also  to  the  medial  surface  of  the  hemisphere,  just  as  does  the 
motor  region,  but  all  the  facts  hitherto  observed  are  opposed  to  the  inference 
drawn  by  Ferrier  from  the  experiments  on  animals,  that  any  part  of  the  medial 
surface  has  an  exclusive  or  even  a  preponderant  relation  to  cutaneous  sensi- 
bility. One  reason  why  we  have  so  little  evidence  of  the  seat  of  this  function 
is  that  extensive  compensation  is  possible.  Thus,  a  unilateral  lesion  in  child- 
hood, however  extensive,  scarcely  ever  causes  permanent  loss  of  sensation. 

Smell. — The  indication  of  experiment  is  that  there  is  a  centre  for  smell  at 
the  anterior  extremity  of  the  uncinate  convolution  on  the  medial  surface  of 
the  temporal  lobe,  related  to  the  olfactory  nerve  of  the  same  side.  This  is 
supported,  as  regards  man,  by  the  facts  that  some  fibres  of  the  olfactory 
nerve  can  be  traced  toward  this  region,  and  that  olfactory  symptoms  have 
been  observed  in  a  few  cases  of  disease  of  this  part.  Thus,  epileptic  fits 
beginning  with  an  olfactory  aura  were  associated  in  one  case  with  softening 
in  this  region. f  But  it  is  probable  that  other  fibres,  or  fibres  from  this  cen- 
tre, cross  the  middle  line  and  go  to  some  part  of  the  cortex  of  the  opposite 
hemisphere,  since  there  are  cases  in  which  organic  disease  of  one  hemi- 
sphere has  caused  loss  of  the  sense  of  smell,  in  addition  to  that  of  the 
other  special  senses,  on  the  opposite  side.| 

and  hence  Munk  terms  this  region  the  "  Sense-sphere  "  (Fuhlsphare).  An  objection  to  this 
view  is  that  the  "sense  of  innervation,"  one  element  of  the  threefold  "  conception  of  move- 
ment," is  a  sense  of  something  which  is  not  itself  sensory,  and  which  is  commonly  termed 
motor,  and  that  destruction  of  this  region  causes  loss  of  this  "  motor  "  function  out  of  all 
proportion  to  any  demonstrable  sensory  loss. 

*  Demange,  Revue  de  Mid.,  May,  1883,  p.  391.  A  collection  of  clinical  facts  pointing  to 
the  parietal  and  central  regions  as  the  chief  sensory  region,  is  given  by  Allen  Starr,  Jour- 
nal of  Nervous  and  Mental  Diseases,  1884,  p.  327. 

fMcLane  Hamilton,  New  York  Med.  Journal,  June,  1882. 

%  Such  a  case,  with  autopsy,  showing  softening  of  the  hinder  part  of  the  internal  capsule, 
is  recorded  by  Fere,  Arch,  de  Neurologie,  18S5.  I  have  seen  several  cases  during  life  in 
which  smell  was  implicated. 
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Vision. — Numerous  observations  have  established  beyond  question  the  fact 
that  hemianopia  results  from  disease  of  the  occipital  lobe,  which  thus  con- 
stitutes a  centre  for  the  fibres  from  the  same-named  half  of  each  retina,  and 
receives  impressions  from  the  opposite  half  of  each  field  of  vision.  The 
impressions  from  the  retinas  reach  it  by  the  optic  tract,  and  probably  by  the 
optic  thalamus  and  by  fibres  from  the  thalamus  through  the  white  substance 
of  the  occipital  lobe.  Fuller  details  of  this  path  are  given  in  the  account  ot 
the  origin  of  the  optic  nerves.  We  do  not  know  the  exact  position  of  the 
visual  centres  in  the  occipital  lobe.  Hemianopia  has  resulted  from  disease 
of  the  apex  of  the  lobe,  the  outer  surface  and  the  medial  surface,  but  in  some 
cases  of  partial  lesion  the  white  fibres  of  the  optic  path  may  have  been 
involved.  Complete  hemianopia  has  most  frequently  been  produced  by  dis- 
ease of  the  apex  of  the  lobe  and  especially  of  the  cuneus.  Munk  believes 
that,  in  animals,  there  is  a  serial  surface  representation  of  the  half-field  in 
the  occipital  cortex,  the  anterior  half  corresponding  to  the  upper  quadrant 
and  the  posterior  half  to  the  lower  quadrant.  Since  small  cortical  lesions 
cause  incomplete  hemianopia,  it  is  probable  that,  in  man  also,  there  is  such 


Fig.  183. 


Fig.  184. 


Cortical  visual  centres  on  the  outer  surface  of  the 
hemisphere.  The  darker  shading  indicates  the 
region  of  the  half-vision  centre  (the  precise  limita- 
tion of  which  is  not  yet  known) ;  the  lighter  shad- 
ing is  that  of  the  supposed  higher  visual  centre. 


Inner  aspect  of  the  right  hemisphere.  Probable 
position  of  the' visual  centre  in  the  occipital  lobe 
and  of  the  olfactory  centre  in  the  uncinate  gyrus 
(U). 


a  projection  of  the  field  as  Munk  describes,  but  it  is  not  probable  that  the 
projection  occupies  the  whole  occipital  region.  There  must  be  a  represent- 
ation of  the  color  fields  in  the  cortex,  distinct  from  that  for  light  and  objects, 
since  color  hemianopia  has  been  met  with  as  an  isolated  symptom.  (See 
Diseases  of  the  Optic  Nerve.)  Wilbrand*  assumes  that  all  impressions  are 
conducted  first  to  the  apical  region,  because  disease  there  causes  total  loss, 
and  that  there  is  a  re-representation  of  the  color  half-field  in  front  of  this. 

But  disease  sometimes  causes,  not  hemianopia,  but  "  crossed  amblyopia," 
/.  <?.,  dimness  of  sight  in  the  opposite  eye,  generally  with  concentric  diminu- 
tion of  the  field.f  The  theory  which  best  explains  the  fact  is  that  on  the 
outer  surface,  in  front  of  the  occipital  lobe,  there  is  a  higher  visual  centre  in 
which  the  half-fields  are  combined,  and  the  whole  opposite  field  is  repre- 


*  Ophth.  Beit,  zur  Diag.  d.  Gehirnkr.,  1884. 

f  I  have  seen  several  such  cases,  and  others  have  been  recorded,  some  by  Ferrier,  Brain, 
vol.  iii,  p.  456.     Of  course,  all  ocular  causes  of  amblyopia  are  excluded. 
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Fig.  i  86. 


sented.  Such  a  centre,  in  animals,  is  localized  by  Ferrier  in  the  angular 
gyrus  (in  which  term  he  includes  the 'extremity  of  the  supra-marginal  convo- 
lution). Pathological  evidence  in  man  points  to  some  part  of  the  same 
region  as  the  seat  of  this  centre.  In  the  very  few  post-mortem  examina- 
tions in  cases  with  "crossed  amblyopia"  the  posterior  and  inferior  part  of 
the  parietal  lobe,  *.  e. ,  the  angular  gyrus,  in  its  widest  sense,  has  been  in- 
volved in  the  disease.  In  the  case  mentioned  on  page  461,  recorded  by 
Demange,  the  loss  of  sight 
of  the  left  eye  was  an  early 
symptom,  and  the  softening 
of  this  region  appeared  older 
than  that  elsewhere.  An- 
other instructive  case,  re- 
corded by  Dr.  Sharkey,  is 
shown  in  Figs.  185  and  186. 
It  would  seem  that  the  field 
of  the  same  side  is  also  rep- 
resented in  this  centre,  since 
the  amblyopia  in  the  oppo- 
site eye  is  usually  accompa- 
nied by  a  slight  restriction 
of  the  field  of  the  eye  on 
the  same  side.  Thus  the 
centre  must  be  assumed  to 
represent  the  whole  of  both 
fields,  but  that  of  the  oppo- 
site side  in  a  far  higher  de- 
gree than  the  field  on  the 
same  side.  This  assumption 
enables  us  to  understand 
another  curious  fact,  viz.: 
that  the  "crossed  amblyopia' ' 
generally  lessens  after  a  time 
(while  hemianopia  is  usually 
persistent).  If  the  higher 
centre  in  each  hemisphere 
is  connected  with  both  reti- 
nae, it  is  conceivable  that 
the  loss  caused  by  disease  of 
one  hemisphere  may  be 
compensated  by  the  function 
of  the  other  hemisphere. 
Hence  we  can  understand 
that  atrophy  of  this  region, 
congenital  or  dating  from  early  life,  may  be  unaccompanied  by  any  recog- 


Fig.  185,  aspect  of  right  hemisphere,  and  Fig.  186,  probable  area  of 
the  lesion,  in  a  case  of  embolism  of  the  right  middle  cerebral  artery 
(Sharkey,  Med.-Chir.  Trans.,  i88g,  p.  265).  The  immediate 
effect  of  the  lesion  was  left  hemiplegia  and  hemianesthesia,  with 
almost  complete  blindness  of  the  left  eye,  and  loss  of  hearing  and 
taste  on  the  left  side.  Four  weeks  after  the  illness  there  was 
marked  improvement  in  the  special  senses,  and,  a  little  later,  in 
the  hemianesthesia.  Six  and  a  half  weeks  after  the  onset  the 
special  senses  were  normal,  the  leg  had  regained  much  power, 
and  a  fortnight  later  sensation  was  normal.  The  paralysis  of  the 
arm  continued  until  death,  seven  years  later. 


Fig.  187. 


Position  of"  lesion  in  the  left  hemisphere  (angular  gyrus)  which 
caused  complete  mind  blindness  during  the  short  time  the 
patient  lived.     (Chauffard,  Rev.  de  Med.,  /SS/,p.  940.) 
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nized  loss  of  sight.*  The  visual  path  will  be  considered  in  connection  with 
the  optic  nerves. 

Cortical  lesions  in  dogs  that  do  not  cause  loss  of  sight  may  abolish  or 
impair  the  power  of  recognizing  the  nature  of  seen  objects,  although  they 
can  be  recognized  at  once  when  some  other  sense  is  employed ;  the 
condition  has  been  termed  mind  blindness  (Munkf).  The  power  thus  lost 
seems  to  be  subserved  by  structures  in  or  near  the  higher  visual  centre,  but 
the  position  of  the  lesion  has  not  yet  been  ascertained  in  any  case  in  which 
the  loss  was  considerable  and  persistent.  The  loss,  of  course,  includes  the 
recognition  of  words,  and  the  latter  may  occur  without  inability  to  recognize 
objects  in  general.  Mind  blindness  was  produced  by  the  lesion  indicated  in 
Fig.  187,  but  this  case,  while  it  agrees  with  the  probable  localization,  was 
too  brief  in  duration  to  constitute  actual  proof  of  the  seat  of  the  disease  on 
which  the  symptom  depends.  The  subject  is  considered  further  in  the 
sections  on  Affections  of  Speech,  and  Diseases  of  the  Optic  Nerves. 

Auditory  Centre. — Pathology,  on  the  whole,  supports  the  indication  of 
experiment,  which  places  the  auditory  centre  in  the  posterior  half  of  the 

first  temporo-sphenoidal  convolution 
(Fig.  188).  This  convolution  has  been 
found  atrophied  in  cases  of  congenital 
deafness.  J  Destruction  of  this  region 
has  been  accompanied  by  loss  of  hearing 
in  the  opposite  ear,  although  the  loss 
has  not  been  permanent.  An  instance 
is  the  case  figured  on  the  last  page 
(Fig.  185).  In  a  case  under  my  obser- 
vation, of  extensive  tumor,  in  which  the 
oldest  part  was  beneath  this  convolu- 
tion, convulsions  commencing  by  an 
auditory  aura,  referred  to  the  opposite  ear,  were  a  very  early  symptom.  In 
another  case  a  tumor  in  the  position  of  the  letters  P  Sy  in  Fig.  188  caused 
unilateral  convulsions,  preceded  by  a  loud  noise,  as  of  machinery.  The 
convulsion  on  each  side  would  appear,  therefore,  to  be  related  to  the  opposite 
auditory  nerve.  It  is  important  to  note  that  the  loss  is  not  permanent,  and 
this  may  explain  another  fact,  that,  in  many  cases  in  which  the  symptoms 
lasted  for  some  time,  the  absence  of  deafness  has  been  noted  during  life, 
although  this  convolution  was  found  destroyed  after  death. §  Hence,  it 
would  seem  that  perfect  compensation  is  possible,  presumably  by  the 
corresponding  centre  of  the  opposite  side.  The  complete  deafness  present 
at  first  in  the  case  shown  at  Fig.  185  passed  away  completely  at  the  end  of 


Position  of  the  auditory  centre  in  the  first  tem- 
poral convolution. 


*  As  in  a  curious  case  recorded  by  Dr.  Sharkey  (Med.-Chir.  Trans.,  vol.  lxvi,  1 883,  p. 
293-) 

f  Deut.  Med.  Wochensch.,  1877,  No.  13,  and  Arch.f.  Anat.  u.  Phys.,  1878,  p.  162. 

J  Fletcher  Beach  and  others. 

<j  As  in  a  case  of  softening  recorded  by  Ball,  New  York  Arch,  of  Med.,  April,  1881. 
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six  weeks.  Thus  each  auditory  nerve  must  be  structurally  connected  with 
both  hemispheres,  although  only  the  connection  with  the  opposite  hemisphere 
is  habitually  in  functional  action. 

A  condition  of  "  mind  deafness  "  has  apparently  been  caused  in  animals 
by  destruction  of  the  first  temporal  convolution  (Munk).  An  analogous 
condition  is  met  with  not  infrequently  in  man  when  this  convolution  on  the 
left  side  is  diseased,  but  it  has  been  observed  rather  in  connection  with  the 
perception  of  words  than  of  sounds  in  general.     (See  Affections  of  Speech.) 

Of  the  cortical  representation  of  taste  we  know  nothing.  The  perception 
of  flavors  is  related  to  the  olfactory,  not  to  the  gustatory  centre. 

Speech. — The  relation  of  certain  parts  of  the  cortex  to  speech  processes 
can  be  better  understood  when  these  processes  have  been  considered  in 
detail.  The  centres  concerned  in  articulate  speech  are  in  the  posterior 
extremity  of  the  lowest  frontal  convo- 
lution, and  the  adjacent  part  of  the 
ascending  frontal,  in  the  left  hemi- 
sphere. They  correspond,  in  part  at 
least,  to  the  centres  for  the  move- 
ments (lips  and  tongue)  by  which  ar- 
ticulation is  effected.  The  perception 
of  heard  words  is  subserved  by  the 
centre  for  hearing  in  the  first  temporal, 
or  by  structures  adjacent  to  it.  There 
may  be  loss  of  the  power  of  under- 
standing heard  words  without  deaf- 
ness.     The   comprehension    of    seen 

words  is  a  difficult  and  complex  subject  which  will  be  considered  in  the 
chapter  on  affections  of  speech. 

Psychical  Processes. — It  is  presumed  that  mental  processes  are  subserved 
by  those  parts  of  the  cortex  that  have  no  known  motor  or  sensory  function, 
and  especially  by  the  pre-frontal  lobes.  Many  cases  are  on  record  in  which 
considerable  mental  change  was  produced  by  extensive  disease  in  this  part, 
especially  great  when  the  disease  was  bilateral.  Small  lesions,  however, 
may  cause  no  symptoms,  perhaps  because  there  is  considerable  capacity  for 
functional  compensation.  It  would  probably,  however,  be  wrong  to  regard 
mental  processes  as  exclusively  related  to  the  parts  which  are  not  known  to 
have  other  functions,  since  the  motor  and  sensory  regions  must  also  subserve 
mental  operations. 


Position  of  the  motor  speech  region  in  the  left 
hemisphere. 


THE  CONNECTING  TRACTS,  CENTRAL  GANGLIA,  ETC. 
The  next  subject  of  medical  importance  is  the  course  of  the  fibres  that  unite 
the  various  parts,  and  establish  a  connection  with  the  spinal  cord.  The  course 
of  these  fibres  has  been  only  partially  unraveled,  and  the  difficulty  of  the 
task  is  increased  by  the  fact  that  many  of  the  tracts  are  interrupted  in  places 
by  gray  matter.  This  interruption  arrests  the  progress  of  secondary  degenera- 
tion, which  is  so  great  an  aid  in  tracing  the  course  of  interlacing  fibres. 
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The  centrum  ovale  of  the  hemisphere  consists  of  medullated  nerve  fibres, 
of  which  three  classes  have  been  distinguished,  according  to  their  course : 
(i)  Fibres  that  pass  between  and  connect  different  convolutions  in  the  same 
hemisphere ;  (2)  fibres  that  pass  inward  to  the  corpus  callosum,  and  for  the 
most  part  connect  corresponding  regions  in  the  cortex  of  the  two  hemi- 
spheres.* (3)  Fibres  that  pass  to  the  central  ganglia  or  crus  cerebri.  The 
last  named  converge  from  all  parts  of  the  cortex  to  the  inner  and  lower 
region  of  the  hemisphere,  where  the  central  ganglia  lie  and  the  crus  leaves 
the  brain.  If  traced  upward  from  the  crus  and  ganglia  they  radiate  toward 
the  cortex,  and  the  radiation  of  the  two  hemispheres  has  been  compared  to 
a  crown,  and  termed  the  "corona  radiata."  This  expression  is  not  now 
much  used,  but  a  limited  application  of  the  term  is  current  and  convenient: 
special  groups  of  these  fibres  are  termed  "radiations,"  as  the  "pyramidal 
radiation,"  "optic  radiation,"  etc.,  while  the  fibres  that  thus  radiate  are 
sometimes  termed  "coronal." 

The  crus  cerebri,  it  will  be  remembered,  enters  the  inner  side  of  the 
hemisphere,  spreading  out  beneath  the  optic  thalamus  and  caudate  nucleus, 
and  its  fibres  ascend  in  a  layer  beneath  these  ganglia  on  the  inner  side  and 
the  lenticular  nucleus  on  the  outer  side.  This  layer  is  termed  the  "  internal 
capsule,"  because  it  bounds  internally  the  lenticular  nucleus.  In  a  horizon- 
tal section  through  these  ganglia  (Fig.  190)  it  is  seen  that  the  anterior  and 

posterior  parts  of  the  capsule 
have  not  quite  the  same  direc- 
tion ;  the  anterior  part,  between 
the  body  of  the  caudate  nucleus 
and  the  fore  part  of  the  lenticular 
nucleus,  joins  at  an  angle  the 
posterior  part  between  the  optic 
thalamus  and  the  hinder  part  of 
the  lenticular  nucleus.  These 
are  called  the  anterior  and  pos- 
terior "limbs"  of  the  capsule, 
and  the  angle  at  which  they 
join  is  called  its  "elbow"  or 
"k.nee."f  The  extent  of  the 
lenticular  nucleus  from  front  to 
back  corresponds  to  both  the 
caudate  nucleus  and  optic  thal- 
amus together,  but  the  slender 
tail  of  the  caudate  nucleus  extends  as  far  back  as  the  posterior  extremity  of 


Fig.  190. 


Diagram  of  horizontal  section  through  the  central  ganglia 
and  internal  caspule. 


*  This  opinion  has  been  confirmed  by  almost  all  modern  investigations,  with  the  exception 
of  those  of  Dr.  D.  J.  Hamilton  (Journ.  of  Anal.,  xix,  p.  385),  whose  theory  is  scarcely  to 
be  reconciled  with  the  certain  facts  of  pathology,  and  whose  evidence,  from  comparative 
anatomy,  has  been  contested  by  Beevor  (Brain,  1886). 

f  Such  a  bend  (as  in  a  pipe)  is  termed  a  "  knee "  in  Germany,  an  "  elbow  "  in  this 
country.     It  is  perhaps  better  to  term  the  junction  the  "angle"  of  the  capsule. 
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the  lenticular  nucleus,  curving  down  into  the  roof  of  the  descending  cornu 
of  the  lateral  ventricle.  The  two  parts  of  the  corpus  striatum  (caudate  and 
lenticular  nuclei)  are  connected  at  their  anterior  and  posterior  extremities 
by  slender  tracts  of  gray  matter,  which  pass  between  the  fibres  of  the  cap- 
sule ;  elsewhere  these  fibres  separate  the  two  ganglia.  In  the  lenticular 
nucleus,  as  seen  in  transverse  section,  three  parts  can  be  distinguished  by  a 
difference  in  tint :  the  inner,  middle  and  outer,  or  first,  second  and  third, 
the  last  being  by  far  the  largest  (see  p.  479). 

A  section  through  the  crura  cerebri  above  the  pons  (Fig.  191)  shows  them 
connected  above  by  the  corpora  quadrigemina.  The  crus  proper  is  separated 
into  two  parts,  anterior  (ventral)  and  posterior  (dorsal),*  by  the  "locus 
niger;"  the  lower  or  anterior  is  called  the  crusta,  the  upper  or  posterior 
the  tegmentum.  The  crusta  is  also  called  the  "  pes  "  or  "  basis,"  and  the 
former  ("Fuss")  is  the  term  usually  employed  in  Germany,  but  neither  of 
these  words  lends  itself  to  the  English  system  of  terminology,  and  it  is 
better  to  use  the  older  term  "crusta"  and  its  adjective  "crustal."  The 
tegmentum  is  much  grayer  than  the  crusta,  because  it  contains  many  nerve 
cells  mingled  with  the  fibres,  while  the  crusta  consists  almost  exclusively  of 
nerve  fibres.  The  tegmentum  varies  in  tint  in  different  parts  of  its  section. 
Near  the  middle  line  is  a  round  or  oval  area,  grayer  than  the  rest,  and  often 
reddish  gray.  It  is  the  "  red  nu- 
cleus," or  "tegmental  nucleus."  ^^■-—-11°' 1^li- 
To  the  outer  side  of  the  red  nucleus, 
and  just  above  the  outer  part  of  the 
locus  niger,  a  paler  curved  band  is 
seen,  largest  at  its  inner  extremity. 
This  is  the  fillet,  an  important  tract 
of  fibres,  which  extends  up  from 
the  lowest  part  of  the  pons,  and 
occupies  there  also  the  same  relative 
position,  the  lowest  part  of  the 
tegmentum.  Above  the  red  nucleus  Diagram  of  section  of  cj££i™rebri-  Aq'  Aiuedl'ct  °f 
is  a  small   triangular   white   area, 

near  the  middle  line,  the  section  of  a  compact  bundle  of  "  posterior  longitu- 
dinal "  or  "  posterior  horizontal  "  fibres. 

In  a  section  through  the  middle  of  the  pons  (Fig.  197,  p.  473)  the  dis- 
tinction between  the  two  parts,  crustal  and  tegmental,  is  still  indicated  by 
the  position  of  the  fillet  in  the  lowest  layer  of  the  tegmentum.  The  crustal 
portion  below  (J.  <?.,  in  front  of)  the  fillet  is  here  increased  in  bulk  by  the 
transverse  fibres  from  the  middle  peduncle  of  the  cerebellum  and  by  much 
scattered  gray  matter.    In  the  tegmentum  the  posterior  longitudinal  bundles 


*  Although  the  direction  of  the  pons  and  crura  is  nearer  the  horizontal  than  the  vertical, 
it  is  convenient  to  retain  the  terms  anterior  and  posterior  in  the  same  significance  as  in  refer- 
ence to  the  cord — the  more  so  because  the  fibres  from  the  crus  again  assume  an  ascending 
course  when  they  enter  the  hemisphere. 
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Fig.  192. 


are  still  seen  near  the  middle  line  and  close  to  the  floor  of  the  fourth  ven- 
tricle. Between  them  and  the  fillet  is  an  area  consisting  of  interlacing 
bundles  of  fibres,  transverse  and  longitudinal,  the  "reticular  formation." 
In  the  tegmental  part  of  the  pons  there  are  also  various  collections  of  gray 
matter  from  which  certain  cranial  nerves  take  origin.  These  lie  chiefly  in 
the  upper  part,  near  the  floor  of  the  fourth  ventricle,  and  will  be  sub- 
sequently described. 

Our  knowledge  of  the  course  of  the  motor  path  is  more  complete  than 
that  of  any  other  set  of  fibres.  The  relations  of  the  spinal  portion  of 
this  path  have  been  described  in  the  account  of  the  anatomy  of  the  spinal 
cord  (p.  128).  We  have  seen  that  it  there  occupies  the  two  pyramidal 
tracts,  anterior  or  direct,  and  lateral  or  crossed.  The  precision  with  which 
their  limits  are  indicated  by  secondary  degeneration 
enables  us  to  trace  their  course  with  equal  certainty  in 
the  brain.  The  degeneration  has  revealed  also  the 
remarkable  fact  that  the  pyramidal  fibres  extend  from 
the  central  convolutions  to  the  spinal  cord  without  any 
interruption  by  gray  matter.  Tracing  their  course  up 
from  the  cord  (Fig.  192)  we  find  that  each  lateral  tract 
crosses  the  middle  line  in  the  medulla,  and,  uniting 
with  the  anterior  or  direct  tract,  forms  the  "anterior 
pyramid;"  from  this  the  name  is  taken  by  which  the 
fibres  are  known  throughout  their  course.  Entering  the 
pons  the  two  pyramids  are  covered  by  the  superficial 
layer  of  transverse  fibres,  and  divide  into  a  series  of 
bundles.  Thus  divided,  they  course  up  through  the 
crustal  portion  of  the  pons,  lying  between  the  super- 
ficial and  deep  layers  of  transverse  fibres  and  surrounded 
by  much  gray  matter,  with  which,  however,  their  fibres 
have  no  connection.  Above  the  pons  the  bundles  again 
unite,  and  in  the  crus  cerebri  the  pyramidal  fibres  lie 
together,  and  occupy  the  middle  two-fifths  of  the  crusta, 
extending  from  the  surface  below  almost,  but  not  quite, 
to  the  substantia  nigra  above.  Passing  beneath  the 
optic  thalamus  they  ascend  between  it  and  the  lenticular 
nucleus,  as  part  of  the  internal  capsule.  They  occupy 
the  anterior  two-thirds  of  its  posterior  limb,  the  hinder 
third  containing  the  sensory  path.*  Above  the  lentic- 
ular nucleus  they  radiate  through  the  white  substance 
of  the  hemisphere  to  that  part  of  the  cortex  in  which 
experimental  stimulation  causes  movement  in  the  limbs, 
viz.,  the  two  central  convolutions  with  the  superior  parietal  lobule  and  para- 


Diagram  of  the  course  of 
the  pyramidal  tract  of 
the  right  hemisphere. 


*  Perhaps  not  exclusively,  however.  A  few  fibres  of  the  motor  path  have  been  found  in 
the  hinder  third  (Mannkopf,  Zeitsch.  f.  kl.  Med.,  1884,  Sup.).  It  is  possible,  however,  that 
these  fibres  belong,  not  to  the  pyramidal  tract,  but  to  the  fillet  (q.  v.). 
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central  lobule.  The  motor  impulses  originating  in  these  convolutions 
appear  to  be  conducted  directly  to  the  gray  matter  of  the  spinal  cord  by 
these  fibres,  without  the  intervention  of  any  nerve  cells,  either  of  the  central 
ganglia  or  the  pons.  If  these  convolutions  are  destroyed,  the  fibres  degen- 
erate down  to  the  lowest  part  of  the  cord.  Some  fibres  from  the  motor 
cortex  pass  into  the  narrow  "external  capsule,"  outside  the  lenticular 
nucleus,  into  which  their  degeneration  can  be  traced.  Their  further  course 
is  unknown. 

The  "motor"  convolutions  contain  also  centres  for  the  movements 
exerted  through  some  of  the  motor  cranial  nerves — movements  of  the  jaw, 
face,  and  tongue.     The  fibres  from. these  centres  pass  from  the  cortex  with 

Fig.  193. 


Diagram  to  show  the  relative  position  of  the  several  motor  tracts  in  their 
course  from  the  cortex  to  the  eras.  The  section  through  the  convolutions 
is  vertical ;  that  through  the  internal  capsule,  I  C,  horizontal ;  that  through 
the  crus  is  again  vertical ;  C  N,  caudate  nucleus,  O  TH,  optic  thalamus, 
L  2  and  L  3,  the  middle  and  outer  parts  of  the  lenticular  nucleus ;  f,  a,  /, 
face,  arm,  and  leg  fibres.  The  words  in  italics  indicate  the  corresponding 
cortical  centres. 


the  pyramidal  fibres.  The  centres  for  the  face  and  tongue  are  lowest  in  the 
cortex  (as  we  have  seen),  and  their  path  lies  correspondingly  below  that  of 
the  limbs  in  the  centrum  ovale.  But  the  change  from  the  vertical  to  an 
antero-posterior  relation,  in  the  internal  capsule,  brings  the  fibres  for  the 
face  and  tongue  in  front  of  those  for  the  limbs,  and  they  occupy  the  bend 
or  angle  of  the  capsule  (Fig.  193).  In  the  crusta  they  occupy  a  corre- 
sponding position  on  the  inner  (medial)  side  of  the  pyramidal  fibres 
(Brissaud,  Raymond   and  Artaud),  the   change   in   direction  of  the  crus 
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having  brought  to  the  inner  side  that  which  was  anterior  in  the  capsule  and 
inferior  in  the  cortex.  It  is  probable  that,  in  the  pons,  the  fibres  for  the 
cranial  nerves  continue  with  the  pyramidal  fibres,  lying  on  the  inner  side  of 
the  latter ;  hence  the  face  and  limbs  may  be  paralyzed  together  by  a  small 
lesion  in  the  upper  part  of  the  pons.  When  these  fibres  approach  the  level 
of  their  nuclei,  they  leave  the  neighborhood  of  the  pyramidal  tract,  and, 
crossing  the  middle  line,  pass  to  the  nucleus  from  which  the  cranial  nerve 
takes  origin. 

Thus,  of  the  white  fibres  that  constitute  the  crusta,  or  lower  half  of  the 
crus  cerebri,  less  than  half  belong  to  the  pyramidal  tracts.  What  are  the 
other  crustal  fibres?  They  lie  partly  on  the  outer  side  of  the  pyramidal 
fibres  (t  o  c,  Fig.  194),  partly  on  the  inner  (medial)  side  (f  c),  partly  above 
(c  c),  between  the  pyramidal  fibres  and  the  substantia  nigra.     Only  those 


Diagram  ot  section  of  the  crus  (modified  from  Wernicke).  LF,U  F, 
upper  and  lower  fillet ;  C  Q  A,  anterior  Corp.  quad.  ;  Aq,  aqueduct ; 
111,  nucleus  of  third  nerve  (3) ;  P  H,  posterior  horizontal  fibres  ;  c  p, 
brachium  of  the  post.  Corp.  quad.  ;  R  N,  red  nucleus  ;  S  N,  substantia 
nigra;  CGI,  internal  geniculate  body;  T  O  C,  temporo-occipital 
cerebellar  fibres  ;  Py,  pyramidal  fibres;  F  C,  fronto-cerebellar  fibres; 
C  C,  caudate-cerebellar  fibres  ;  t,  inner  fibres  of  crusta  to  tegmentum. 


on  the  inner  (medial)  side  of  the  pyramidal  tract  pass  up  into  the  internal 
capsule.  The  change  in  the  direction  of  the  crus  brings  these  inner  fibres 
in  front  of  those  of  the  pyramidal  tract,  and  they  form  the  anterior  limb  of 
the  capsule  (Fig.  195).  They  radiate  to  the  cortex  of  the  "  pre-frontal  lobe," 
/.  e.,  that  part  of  the  brain  which  lies  in  front  of  the  central  convolutions. 
From  the  crus  they  pass  downward  into  the  pons.  They  degenerate  down- 
ward, and  have  been  found  degenerated  in  many  cases  of  disease  of  the 
anterior  part  of  the  capsule.  Hence  we  may  assume  that  they  conduct 
downward,  but  their  degeneration  stops  in  the  pons,  apparently  because  they 
end  in  the  gray  matter  which  is  so  abundant  in  the  crustal  portion.  This 
gray  matter  also  receives  fibres  from  the  middle  cerebellar  peduncles,  and 
these  fibres  probably  decussate  in  the  middle  line  before  entering  the  nerve 
cells  (Lallemont).     They  seem  to  continue  the  path  constituted  by  the  inner 
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ctustal  fibres.  Thus  each  pre-frontal  lobe  is  connected  with  the  opposite 
cerebellar  hemisphere,  and  chiefly  with  its  lateral  and  posterior  regions. 
When  the  cerebellum  is  congenitally  absent,  these  fibres,  the  crustal  gray 
matter  of  the  pons,  and  the  anterior  limb  of  the  internal  capsule,  are  absent 
(Flechsig).  In  animals  the  gray  matter  atrophies  if  the  cerebellum  is 
excised.* 


Fig. 


Diagram  of  the  course  of  the  motor  tract  as  shown  in  a  diagrammatic  horizontal 
section  through  the  cerebral  hemisphere,  pons,  and  medulla.  Fr,  frontal 
lobe;  Oc,  occipital  lobe;  A  F,  ascending  frontal,  and  A  P,  ascending 
parietal,  convolutions  ;  P  C  F,  pre-central  fissure  in  front  of  the  ascending 
frontal  convolution ;  IP  F,  inter-parietal  fissure.  A  section  of  the  crura  is 
lettered  on  the  left  side  ;  S  N,  substantia  nigra  ;  Py,  region  occupied  by  the 
pyramidal  fibres  (motor  tract),  which  on  the  right  are  shown  as  continuous 
lines,  converging  in  the  white  substance  of  the  hemisphere,  to  pass  through  the 
posterior  limb  of  I  C,  the  internal  capsule  (the  elbow  of  which  is  shown  at*) — 
through  the  cms  and  pons,  and  to  divide  in  the  medulla  into  the  decussating 
lateral  pyramidal  tract  ilpt)  and  the  direct  anterior  pj'ramidal  tract  {api). 


One  small  bundle  of  fibres  in  the  inner  part  of  the  crusta  (t,  Fig.  194), 
lying  close  to  the  medial  surface,  differs  from  the  rest.  As  it  descends,  it 
passes  backward  into  the  tegmentum,  and  joins  the  fillet.  Its  further  rela- 
tions have  not  been  traced. 

The  crustal  fibres  that  lie  outside  the  pyramidal  tractf  (t-o-c,  Fig.  196) 

"*  Marchi,  "  Rivist.  sperim.  de  freniat."  1886. 

t  Sometimes  called  '*  Tiirck's  bundle,"  but  to  be  carefully  distinguished  from  "  Tiirck's 
column  "  in  the  cord. 
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do  not  enter  the  internal  capsule.  They  leave  the  other  fibres  when  the  crus 
enters  the  hemisphere,  and  pass,  partly  beneath  the  lenticular  nucleus,  partly 
between  its  posterior  extremity  and  the  outer  geniculate  body,  to  radiate 
toward  the  cortex  of  the  occipital  and  temporal  lobes.  Downward  they 
pass  into  the  crustal  portion  of  the  pons,  and  then  end  in  the  gray  matter, 

just  as  do  the  inner  fibres,  and  are 
probably,  in  like  manner,  connected 
with  the  cerebellar  hemisphere,  chiefly. 
Flechsig  thinks,  with  the  upper  sur- 
face, near  the  middle  lobe.  These 
fibres  are  also  wanting  when  the  cere- 
bellum is  absent.  Flechsig  thought 
that  they  do  not  degenerate  down- 
ward, but  it  appears  certain  that  they 
do,  since  they  have  been  found  degen- 
,,,,,„  -,„,,„,  erated  in  several  cases  of  disease  of 

Crura    cerebri ;  position    of    the  fronto-cerebellar 
(Fr-C),    pyramidal    (Pyr),  and   temporo-occipital     jjjg    occipital    and     temporal     COrteX.* 
cerebellar  fibres  (T-O-C)  on  the  surface.  r  r 

It  was  formerly  believed  that  these 
fibres  enter  the  internal  capsule  and  constitute  its  posterior  extremity,  which 
is  known  to  be  the  chief  sensory  path,  and  this  statement  is  still  made  in 
some  text-books.  But  Flechsig,  by  developmental  investigations,  has  shown 
that  this  is  an  error,  and  his  conclusions  have  been  confirmed  by  pathology. 
As  the  fibres  separate  from  the  pyramidal  tract,  their  place  is  taken  by  sen- 
sory fibres  from  the  tegmentum,  and  thus  the  extremity  of  the  capsule  is 
formed. 

The  last  part  of  the  crusta  to  be  considered  is  the  thin  layer  of  fibres 
which  lies  above  the  pyramidal  tract,  between  it  and  the  substantia  nigra. 
According  to  Flechsig,  these  arise  above,  from  the  corpus  striatum  (caudate 
nucleus,  and  outer  part  of  the  lenticular  nucleus),  and  they  seem  to  end 
below,  in  the  pons,  probably  in  the  crustal  gray  matter,  as  do  the  other  fibres 
just  described.  They  degenerate  downward,  and  cannot  be  traced  beyond 
the  pons.  They  may  thus  connect  the  corpus  striatum  and  cerebellum,  in 
the  same  way  as  the  inner  group  connects  the  pre-frontal  lobe  and  cerebel- 
lum. Some  of  them  may  be  connected  with  the  gray  matter  of  the  substantia 
nigra. 

Thus,  of  all  the  fibres  of  the  spinal  cord,  the  pyramidal  tracts  alone  find 
a  place  in  the  crusta  of  the  cerebral  peduncle.  It  may  be  noted,  moreover, 
that  these  are  the  only  long  spinal  fibres  that  degenerate  downward.  The 
other  fibres  of  the  cord  are  either  short  fibres  or  degenerate  upward,  and  are 
connected  with  the  cerebellum  or  with  the  tegmentum  of  the  crus.  Their 
connections  are  at  present  very  imperfectly  known,  but  are  of  great  import- 
ance. The  sensory  path  must  be  sought  in  some  of  these  fibres :  it  certainly 
lies  in  the  tegmentum  of  the  crus,  and  probably  passes  to  the  crus  by  the 
tegmental  region  of  the  pons. 


*Betcherew,  Cent./.  Nervenh.,  1886,  p.  6.«.     See  also  Fie.  228,  p.  w6. 
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In  the  tegmental  region  of  the  pons, 
as  we  have  already  seen,  three  chief 
groups  of  fibres  may  be  distinguished 
(Figure  197),  the  small  bundle  of  "pos- 
terior longitudinal  fibres,"  the  "fillet," 
and  the  extensive  "  reticular  formation." 
We  have  to  consider  the  connection  of 
the  remaining  tracts  of  the  cord  with 
these  structures  and  with  the  cerebellum, 
and  also  the  relation  of  these  tegmental 
fibres  to  the  cerebral  hemispheres. 

Fig.  197. 


Diagram  of  one-half  of  a  section  through  the  middle  of 
the  pons.  5  o,  superior  olivary  body;  Vas,  ascending 
root,  Vm,  middle  nucleus,  V motor,  motor  nucleus  of 
the  fifth  nerve. 


Most  of  the  white  columns  of  the  cord 
become  occupied  by  gray  matter  when 
they  reach  the  medulla  oblongata.  Their 
fibres  probably  end  in  the  cells  of  this 
gray  matter,  from  which  other  fibres  pro- 
ceed and  continue  the  functional  con- 
ducting path  of  the  spinal  tracts.  Nerve 
cells  arrest  secondary  degeneration ;  and  d 
hence  most  ascending  degenerations  of 


Fig.  198. — Diagrams  of  the  structure  of  the  medulla  oblon- 
gata. A,  lower,  and  B,  upper  part  of  decussation  of  the 
pyramids ;  C,  at  the  lowest  of  the  olivary  bodies  ;  D,  at 
the  apex,  and  E,  at  the  middle  of  the  calamus  scriptorius. 
A,  anterior,  L,  lateral  column  of  cord ;  A.  P.,  ant.  pyra- 
mid; R,  restiform  body;  a.  c,  ant.  cornu;  tR, tubercle 
of  Rolando;  c,c,p.,  caput  cornu  posterioris;  d.c.t., 
direct  cerebellar  tract;  Hy,  hypoglossal  nerve;  hy.  nu., 
its  nucleus;  01,  olivary  body ;  p.  wa.c.post.  med.  col. ;  p.  e.  c,  post.  ext.  col. ;  p.  m.n.,  post.  med.  nucleus; 
j>.  e.  x.,  post.  ext.  nucleus  ;  Sp.  A.,  spinal  accessory  nerve,  sp.  a.  nu.,  its  nucleus ;  s.  c,  slender  column ; 
V.  as.,  ascending  root  of  the  fifth  nerve. 
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the  cord,  as,  for  instance,  that  of  the  posterior  median  columns,  stop  in  the 
medulla.  This  very  much  increases  the  difficulty  of  tracing  the  connection 
of  these  fibres. 

One  tract  passes  up  to  the  cerebellum  without  interruption,  the  direct  cere- 
bellar tract.  Its  fibres  pass  in  the  restiform  body,  and  reach  the  middle 
lobe  of  the  cerebellum  ;  they  cross  the  middle  line,  and  end  in  the  opposite 
side  of  this  lobe.  They  degenerate,  and  doubtless  conduct,  upward,  and 
probably  conduct  centripetal  impressions  from  the  muscles  of  the  lower  part 
of  the  trunk  to  the  coordinating  mechanism  in  the  cerebellum  (see  pp.  128 
and  133).  A  few  fibres  from  the  direct  cerebellar  tract  pass  up  into  the 
pons. 

The  postero-median  column  (col.  of  Goll)  is  sometimes  termed,  at  the 
medulla,  the  "  funiculus  gracilis,"  sometimes  the  "  posterior  pyramid."  Its 
fibres,  or  at  least  most  of  them,  end  in  the  gray  matter  which  occupies  this 
region  of  the  medulla,  the  "post-pyramidal  nucleus,"  or,  better,  "  postero- 
median nucleus  "  (Fig.  198,/.  m.n.).  Here  ascending  degeneration  stops. 
The  postero-external  column  ("funiculus  cuneatus,"  "col.  of  Burdach  ") 
.is  also  occupied  by  gray  matter,  the  "postero-external  nucleus"  (Fig.  198, 
/.  e.  n.).  From  the  cells  of  these  nuclei  other  fibres  continue  the  upward 
path.  Those  from  the  two  nuclei  are  so  blended  that  their  distinction  is 
scarcely  possible,  and  the  difficulty  in  tracing  them  is  increased  by  the  cir- 
cumstance that  their  course  is  circuitous.  Many  fibres  from  both  these  nuclei 
course  forward  to  the  neighborhood  of  the  olivary  bodies.  A  large  number  of 
them  cross  the  middle  line,  in  front  of  the  central  canal,  forming  a  decus- 
sation analogous  to  that  of  the  pyramidal  fibres,  but  higher  up  the  medulla; 
it  is  of  course  wholly  unconnected  with  the  pyramids,  but  it  has  been  rather 
unfortunately  termed  the  "superior  pyramidal  decussation."  These  fibres 
turn  upward  between  the  two  olivary  bodies  ("inter-olivary  layer,"  Fig.  198, 
1.  0.  l.)  and  between  them  and  the  anterior  pyramids.  Some  are  probably 
connected  with  the  cells  of  the  olivary  bodies.  From  the  olivary  bodies 
many  fibres  pass  to  the  cerebellum  by  the  restiform  body,  and  these  may 
establish  a  connection  between  the  posterior  columns  and  the  cerebellum,  per- 
haps by  fibres  which  are  not  connected  with  the  cells  of  the  olivary  body. 
The  "  inter-olivary  layer,"  a  little  higher  up,  forms  the  commencement  of 
the  fillet,  which  has  been  already  mentioned,  and  the  fillet  is  thus  connected 
with  the  posterior  columns.  Other  fibres  from  these  posterior  nuclei 
pass  to  the  reticular  formation,  which  increases  in  size  as  the  posterior 
columns  lessen  in  size.  Thus,  the  posterior  columns  are  probably  connected 
with  the  reticular  formation,  with  the  fillet,  and  with  the  cerebellum. 

The  olivary  body  bears  a  close  resemblance  in  structure  to  the  corpus 
dentatum  of  the  cerebellum,  and  many  fibres  pass  between  the  two.  The 
connection  is  crossed,  congenital  atrophy  or  long-standing  disease  of  one 
cerebellar  hemisphere  is  associated  with  atrophy  of  the  opposite  olivary 
body,  and  experimental  removal  of  one  hemisphere  in  animals  causes  a  sim- 
ilar atrophy. 

Although  the  restiform  body  (inferior  cerebellar  peduncle)  appears  to  be 
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formed  from  the  lateral  column  of  the  cord,  its  external  relation  does  not 
indicate  its  real  connections.  Of  the  elements  of  the  lateral  column,  only 
the  direct  cerebellar  tract  enters  the  restiform  body.  The  pyramidal  tract 
leaves  the  lateral  column  to  cross  to  the  opposite  anterior  pyramid,  and  in 
the  remaining  part  of  the  lateral  column,  gray  matter  appears  (just  as  it  does 
in  the  posterior  columns),  the  "lateral  nucleus."  This  lies  in  front  of  a 
gray  mass  into  which  the  caput  cornu  posterioris  (Fig.  198,  c.  c. />.)  has 
expanded,  the  "gray  tubercle  of  Rolando"  (Fig.  198,  t  R).  The  lateral 
nucleus  higher  up  is  continuous  with  the  reticular  formation,  most  of  the 
fibres  of  which  spring  from  the  nucleus.  Fibres  also  pass  from  the  lateral 
nucleus  and  reticular  formation  to  the  restiform  body  and  cerebellum,  but 
the  direction  in  which  they  conduct  is  uncertain.  Flechsig  thinks  that  they 
may  conduct  from  the  cerebellum  to  the  reticular  formation.  Besides  these 
two  sets  of  fibres,  the  restiform  body  contains  also  the  fibres  from  the 
opposite  olivary  body  to  the  cerebellum,  which  we  have  already  considered. 

The  antero-lateral  ascending  tract  seems  to  pass  to  the  reticular  formation, 
but  its  fibres  are  most  likely  interrupted  by  the  gray  matter  of  the  lateral 
nucleus.  We  have  seen  that  the  posterior  columns  are  also  connected  with  . 
the  reticular  formation.  It  is  probable  that  the  upward  sensory  path  passes, 
in  part  at  least  (and  perhaps  chiefly),  by  this  structure,  which  can  be  traced 
through  the  pons  into  the  tegmentum  of  the  crus,  in  which  the  sensory  path 
certainly  lies. 

The  fillet  or  lemniscus,  as  we  have  seen,  is  a  layer  of  fibres  that  lies  between 
the  crustal  and  tegmental  portions  of  the  pons,  on  the  anterior  (ventral) 
side  of  the  reticular  formation.  It  extends  through  the  crus  cerebri,  where, 
however,  it  moves  outward,  and  lies  in  the  outer  part  of  the  tegmentum. 
There  is  still  much  difference  of  opinion  regarding  the  connections  of  its 
fibres,  in  spite  of  the  fact  that  these  have  been  the  subject  of  an  immense 
amount  of  recent  investigation.*  It  is  clear,  however,  it  contains  several 
different  sets  of  fibres.  Below,  the  fillet  arises,  as  already  stated  (p.  474),  in 
the  inter-olivary  layer,  formed  of  the  arciform  fibres  which  proceed  from 
the  nuclei  of  the  opposite  posterior  columns,  median  and  external ;  part  of 
the  fillet  thus  appears  to  be  a  continuation  of  the  path  of  these  columns,  and 
is  conjectured  by  Spitzka  to  conduct  chiefly  centripetal  impressions  from  the 
muscles.  Many  of  the  fibres,  however,  degenerate  downward  ;  others  seem 
to  degenerate  upward.  In  a  case  in  which  the  fillet  was  destroyed  on  the 
left  side  of  the  pons  by  an  old  hemorrhage,  Spitzka  traced  the  descending 
degeneration  through  the  inter-olivary  layer  to  the^  opposite  nuclei  of  the 
posterior  columns.  But  in  another  case  of  focal  lesion  an  extensive  ascend- 
ing degeneration  of  the  same  part  of  the  fillet  was  found  by  Meyer,  f   A  few 

*The  most  important  recent  writings  on  the  subject  are  those  of  Flechsig  ("Plan  des 
Menschlichen  Gehirns  ") ;  Flechsig  and  Betcherew  (abstract  by  Flechsig  in  the  Neuro- 
logisches  Centralblatl,  1885,  p.  356) ;  Monakow  {it.,  p.  265);  Wernicke  ("Gehirnkrankheiten," 
Bd.  i) ;  and  Spitzka  {New  York  Med.  Record,  1884,  Nos.  15-18). 

f  Arch.  f.  Psych.,  xvii,  p.  439. 
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fibres  also  seem  to  pass  to  the  lateral  column  of  the  cord.  Among  the  dif- 
ferent sets  of  fibres  in  the  fillet  we  may  distinguish  the  following  upward 
connections  :  (i)  Many  fibres  pass  by  the  red  nucleus,  and  are  associated  with 
fibres  from  this  and  from  the  opposite  cerebellar  peduncle,  in  what  is  termed 
the  "  lenticular  loop,"  a  set  of  fibres  which,  beneath  the  optic  thalamus,  turn 
outward  and  pass  transversely  through  the  internal  capsule,  to  end  in  the 
lenticular  nucleus*  (Fig.  199).  (2)  Some  fibres  pass,  in  the  pons,  into  the 
reticular  formation.  (3)  Some  fibres  go  to  the  posterior  corpus  quadri: 
geminum.  Some  of  these  end  below  the  superior  olivary  body.  (4)  Other 
fibres  end  in  a  collection  of  gray  matter  lying  outside  the  junction  of  the  two 
corpora  quadrigemina,  the  "  nucleus  lemnisci  "  of  Flechsig  and  Betcherew. 
(5)  Fibres  pass  up  to  the  posterior  part  of  the  internal  capsule  and  radiate 
with  these  capsular  fibres  to  the  central  and  parietal  cortex.  Most  of  them 
are  said  to  be  connected  with  the  posterior  median  nucleus.  It  appears 
probable,  however,  that  they  degenerate  downward  (Monakow,  Spitzka). 

The  reticular  formation  contains  numerous  longitudinal  fibres,  the  down- 
ward connection  of  which,  with  the  lateral  column  and  posterior  columns, 
has  been  already  described.  It  also  receives  fibres  from  the  nerve  nuclei  of 
the  pons.  At  the  upper  part  of  the  pons  it  rapidly  lessens  in  size,  and  many 
of  its  fibres  go  to  the  upper  corpus  quadrigeminum,f  and  from  this,  again, 
fibres  proceed  to  the  posterior  part  of  the  internal  capsule  and  tegmental 
radiation.  The  fibres  that  do  not  go  to  the  corpus  quadrigeminum  pass 
upward  to  the  optic  thalamus  and  perhaps  to  the  posterior  part  of  the 
internal  capsule  and  tegmental  radiation ;  a  few  go  to  the  gray  matter  lining 
the  third  ventricle. 

The  third  group  of  longitudinal  fibres  in  the  tegmental  portion  of  the 
pons  is  that  termed  the  posterior  longitudinal  fibres ,  lying  near  the  posterior 
surface  and  middle  line  (Figs.  194,  199,  209).  This  group  contains  fibres 
of  different  size.  The  finer  are  continuous  below  with  some  of  those  of  the 
anterior  column  of  the  cord,  and  above  pass  to  the  central  gray  substance  that 
lines  the  third  ventricle  (Flechsig).  The  coarser  fibres  extend  only  from  the 
nucleus  of  the  third  and  fourth  nerves  above,  to  the  level  of  the  nucleus  of 
the  sixth  below,  and  connect  these  nuclei.  Some  of  the  fibres  decussate, 
and  they  no  doubt  subserve  the  complex  associated  action  of  the  eyeball 
muscles,  their  relation  to  which  will  be  considered  later. 

In  the  lower  part  of  the  pons,  above  the  olivary  body,  is  a  small  body, 
with  somewhat  sinuous  outline,  the  superior  olivary  body.  It  lies  in  the 
anterior  part  of  the  tegmentum,  and  its  important  connections  have  been 
traced  by  Betcherew.  £   According  to  him,  fibres  pass  up  from  it  to  the  fillet 

*  In  a  case  of  absence  of  the  cerebellum,  examined  by  Flechsig,  the  red  nucleus  and 
fibres  from  the  superior  cerebellar  peduncle  were  absent,  and  the  fillet  fibres  in  the  lenticular 
loop  were  very  distinct. 

f  A  few  of  these  reticular  fibres,  that  lie  close  to  the  fillet,  are  by  some  authorities  regarded 
as  belonging  to  this  structure. 

J  Wratsch,  No.  32,  1885 ;   Cent.f.  Nervenheilk.,  1886,  p.  587. 
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and  central  gray  substance  of  the  posterior,  quadrigemimal  bodies ;  other 
fibres  pass  to  the  nucleus  of  the  sixth  nerve,  the  anterior  auditory  nucleus, 
the  cerebellum  (roof  nucleus  in  the  middle  lobe),  and  to  the  lateral  column 
of  the  spinal  cord.  This  connection  suggests  that  the  body  has  important 
central  functions,  and  it  may  be  through  it  that  an  auditory  impression 
causes  a  lateral  movement  of  the  eyes  and  head,  the  former  through  the 
nucleus  of  the  sixth,  the  latter  through  the  lateral  column  of  the  cord.  The 
connection  with  the  cerebellum  may  be  one  path  by  which  disease  or  stimu- 
lation of  the  cerebellum  influences  ocular  movements.  The  corpora  quad- 
rigemina  are  probably  concerned  in  the  movements  of  eyes,  and  the  fibres 
from  them  to  the  superior  olivary  body  belong  to  that  part  of  the  fillet 
which,  according  to  Flechsig,  degenerates  and  conducts  downward. 

Beneath  the  corpora  quadrigemina  the  tegmentum  receives  a  considerable 
accession  of  fibres   from    the   passage  into    it   of  the   superior   cerebellar 


.-r-ris3^-. 


Diagram  of  a  section  through  the  cms,  etc.,  in  front  of  the 
Corp.  quad.  P  C,  posterior  commissure;  Aq,  aqueduct  of 
Sylvius;  P  L,  posterior  longitudinal  fibres  ;  III,  third  nerve  ; 
L  B,  Luy's  body  ;  OP  T,  optic  tract.  {Modified  from 
Wernicke.) 

peduncle,  the  fibres  of  which  come  chiefly  from  the  dentate  nucleus.  They 
may  be  connected,  through  this,  with  the  fibres  from  the  olivary  body,  and 
also  with  the  cortex  of  the  cerebellum.  In  the  tegmentum  these  fibres  cross 
the  middle  line  and  are  connected  with  the  opposite  red  nucleus,  which  is 
absent,  with  the  fibres  of  this  peduncle,  in  congenital  absence  of  the  cere- 
bellum (Flechsig).  Thus  the  red  nucleus  may  be  connected  with  the 
olivary  body  of  the  same  side,  by  means  of  the  opposite  dentate  nucleus. 
Proceeding  upward  from  the  red  nucleus,  the  fibres  divide  into  two  groups ; 
one  passes  forward  and  outward  to  the  lenticular  loop  and  thus  to  the  lentic- 
ular nucleus  (Fig.  199);  the  other  courses  backward  and  outward,  partly 
into  the  basal  part  of  the  optic  thalamus,  partly  into  the  posterior  part  of  the 
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internal  capsule  and  tegmental  radiation.     Those   fibres  which  enter  the 
thalamus  perhaps  merely  pass  through  it  to  the  capsule. 

Thus  the  chief  destination  of  the  tegmentum,  including  the  superior 
cerebellar  peduncle,  is  twofold  :  the  lenticular  nucleus,  and  the  cortex  of  the 
hemisphere  by  the  tegmental  radiation.  Fibres  go  to  each  of  these  from 
the  fillet  and  the  cerebellar  peduncle,  and  other  fibres  of  the  fillet,  together 
with  those  of  the  reticular  formation,  ultimately  reach  the  tegmental  radia- 
tion. As  before  stated,  the  sensory  path  certainly  lies  in  the  tegmental 
radiation  where  this  begins  in  the  hindmost  region  of  the  internal  capsule. 
It  is  also  practically  certain  that  most  forms  of  sensation  from  the  limbs 
pass  through  the  tegmentum  of  the  pons,  and  it  is  probable  that  the  path  is 
different  for  the  different  forms  of  sensibility.  It  may  be  assumed  that  no 
sensory  impressions  pass  in  the  larger  division  of  the  fillet  (which  is  con- 
nected above  with  the  lenticular  nucleus)  since  the  fibres  degenerate  down- 
ward, nor  by  the  posterior  longitudinal  bundles,  which  are  not  connected 
with  the  tegmental  radiation.  There  remain,  then,  as  possible  paths  only 
the  upper  smaller  division  of  the  fillet  and  the  longitudinal  fibres  of  the 
reticular  formation.  At  the  same  time  it  is  possible  that  some  forms  of 
sensibility,  e.  g.,  visceral  sensibility  and  muscular  sensibility,  may  pass 
through  the  cerebellum  and  superior  cerebellar  peduncles. 

The  posterior  third  of  the  internal  capsule  contains  not  only  the  sensory 
path  from  the  limbs,  but  also  the  optic  path,  and  it  also  contains  the  paths 
for  the  other  special  senses  ;  those  for  hearing  and  taste  ascend  to  it  from 
the  pons  in  the  tegmentum.  How  the  path  for  smell  reaches  it  is  at  present 
unknown.  This  is  the  "  sensory  crossway  "  of  Charcot,  in  which  a  lesion 
causes  hemianesthesia,  hemianopia,  and  loss  of  the  other  special  senses,  all 
on  the  side  opposite  to  the  lesion. 

Central  Ganglia. — The  corpus  striatum  and  optic  thalamus  present  con- 
siderable differences  in  their  connections,  and  these  probably  indicate  funda- 
mental differences  in  function,  although  we  are  still  almost  entirely  in  the 
dark  as  to  the  nature  of  their  function. 

The  gray  matter  of  which  the  optic  thalamus  is  composed  consists  of  fine 
nerve  cells,  among  which  narrow  tracts  of  fibres  pass.  At  the  surface  is  a 
layer  of  white  fibres,  the  "zonal  stratum,"  and  outside  this  again  a  very 
thin  layer  of  gelatinous  gray  matter,  continuous  with  that  lining  the  third 
ventricle  and  surrounding  the  central  canal  of  the  cord.  It  is  the  union  of 
this  layer  on  the  two  thalami  that  constitutes  the  posterior  commissure. 
The  posterior  extremity  of  the  thalamus  is  distinguished  as  the  "  pulvinar," 
and  between  the  extremities  of  the  two  thalami  lie  the  anterior  corpora 
quadrigemina.  The  gray  matter  of  which  the  thalamus  is  composed  is 
divided  by  a  thin  stratum  of  white  fibres  (internal  medullary  lamina)  into  an 
external  and  an  internal  nucleus,  and  the  lamina  divides  anteriorly  into  two, 
which  join  the  capsular  layer,  and  with  it  enclose  a  small  anterior  nucleus. 
The  most  important  connections  of  the  thalamus  are  with  the  cortex,  the 
optic  tracts,  and  the  tegmentum  of  the  crus.  It  is  connected  with  all  parts 
of  the  cortex  by  fibres  that  pass  from  it  to  the  internal  capsule  and  corona 


STRUCTURE  AND  FUNCTIONS.  479 

radiata,  of  which  they  form  a  large  part.  They  pass  to  all  parts  of  the  cor- 
tex ;  those  from  the  pulvinar  go  to  the  occipital  lobe  and  constitute  part  of 
the  "  optic  radiation  ' '  of  Gratiolet.  It  is  probable  that  most  of  these  fibres 
conduct  from  the  thalamus  ;  nevertheless,  some  fibres  from  the  central  con- 
volutions to  the  thalamus  have  been  found  to  degenerate  downward.* 
Fibres  also  pass  between  the  thalamus  and  lenticular  nucleus,  but  we  do  not 
know  whether  they  end  in  the' lenticular  nucleus,  or  merely  pass  through  it 
to  the  cortex. 

The  connection  of  the  thalamus  and  optic  tract  will  be  described  in  the 
account  of  the  latter.  The  chief  downward  connection  of  the  thalamus  is 
with  the  tegmentum.  This  may  be  said  to  end  beneath  the  posterior  part 
of  the  thalamus,  in  what  has  been  termed  the  "subthalamic  region,"  in 
which  are  certain  collections  of  gray  matter.  Many  fibres  pass  to  the  thala- 
mus from  the  superior  cerebellar  peduncle,  going  through  the  red  nucleus. 
The  extent  of  the  connection  of  the  thalamus  with  the  fillet  and  the  reticular 
formation  is  asubject  on  which  there  is  much  difference  of  opinion.  Wer- 
nicke finds  the  chief  origin  of  the  fillet  in  the  thalamus,  while  Flechsig 
could  trace  no  connection  between  them. 

Corpus  Striatum. — The  caudate  nucleus  is  more  uniform  in  structure  than 
is  the  lenticular  nucleus.  In  the  latter  two  narrow  lamina  of  white  fibres, 
almost  vertical  in  direction,  divide  the  gray  substance  into  three  zones, 
inner,  middle,  and  outer  (Fig.  199).  In  consequence  of  the  shape  of  the 
nucleus,  the  outer  zone  is  the  most 
extensive,  both  in  the  antero-posterior 
and  vertical  direction  ;  and  it  is  also 
darker  in  tint  than  the  other  parts. 
Each  part  of  the  corpus  striatum  con- 

sists  of  nerve  cells,  large  and  small,    {    /  /  •    ^.  ' °*  I 

and  interlacing  fibres.     The  fibres  are    i  J  y^SJSv  f'My. 
far  more  numerous  in    the    lenticular  /     '       llntici/uak 

than  in  the  caudate  nucleus;  but  it  is     ]f.:-$;:\  ■'■,-  ■'-^'^'lS:_:^:M<A%\':^^^ 
probable  that  many  of  these  merely   -  °}§  ^  -  -~-  'sl^H®  jK~  5  j  jg 

pass   through   the   former,  while   the 
fibres  that  enter  the  caudate  nucleus 

are  Connected    with    itS    Cells.        More-    Diagram  of  a  transverse   section   of  the   lenticular 

nucleus  and   internal  capsule.     I,  II,  III,  indicate 
Over    the    OUter    part  Of  the    lenticular       the  three  parts  of  the  nucleus  ;    ant.  com.,  section 
.  of  the  bundle  of  fibres  of  the  anterior  commissure 

nucleus    actually  blends   With    the  Cau-       to  the  temporo-sphenoidal  lobe. 

date  nucleus  in  front  by  tracts  of  gray  matter  which  pass  through  the  inter- 
nal capsule.  To  the  outer  side  of  the  lenticular  nucleus  is  the  white  layer 
of  the  "external  capsule,"  and  the  gray  lamina  of  the  "  claustrum." 

It  is  doubtful  whether  the  corpus  striatum  has  any  connection  with  the 
cortex,  and  the  old  hypothesis  that  its  cells  interrupt  the  fibres  which  conduct 
motor  impulses  seems  to  be  altogether  wrong.  Meynert  thought  that  many 
fibres  pass  from  the  caudate  nucleus  to  the  cortex ;  but  the  researches  of 

*  Mannkopf,  Zeitsch.f.  M.  Med.,  1884,  Bd.  vii,  Sup. 
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Wernicke  and  others  make  this  connection  very  doubtful.  It  is  extremely 
difficult  to  ascertain  whether  the  lenticular  nucleus  is  connected  with"  the 
cortex,  on  account  of  the  number  of  fibres  that  pass  through  it  and  do  not 
end  in  it.  Fibres,  however,  pass  from  the  caudate  nucleus  to  the  internal 
capsule,  and  others  pass  to  the  crus  through  the  lenticular  nucleus.  These 
caudate  fibres  seem  to  end,  as  we  have  seen,  in  the  pons,  and  to  be  connected, 
through  the  pontine  gray  matter,  with  the  fibres  of  the  middle  cerebellar 
peduncles.  The  lenticular  nucleus  differs  from  the  caudate  nucleus  in  being 
extensively  connected  with  the  tegmentum  of  the  crus  cerebri  by  many 
fibres,  and  especially  by  those  of  the  lenticular  loop.  It  is  also  connected, 
in  a  similar  manner,  with  the  superior  cerebellar  peduncle.  The  connection 
of  the  corpus  striatum  with  the  cerebellum  is  thus  very  considerable.  When 
the  cerebellum  is  absent,  the  corpus  striatum  is  reduced  to  a  third  of  its 
normal  size.  Flechsig  and  Wernicke  consider  that  it  must  be  regarded  as 
a  central  organ,  analogous  to  the  cortex.  The  latter  has  also  pointed  out 
that — the  lenticular  nucleus  being  continuous  with  the  gray  matter  of  the 
anterior  perforated  spot,  and  this  being  continuous  with  the  cortex — the  gray 
matter  of  the  corpus  striatum  may  even  be  conceived  to  be  homologous  with 
that  of  the  cortex.  The  "amygdala"  of  the  temporo-sphenoidal  lobe  is  an 
instance  of  the  development  of  the  cortical  gray  matter  into  the  white  sub- 
stance to  such  an  extent  as  to  appear,  in  some  sections,  as  if  it  were  a  central 
mass. 

The  Corpora  quadrigemina  are  masses  of  gray  matter  mingled  with  fibres, 
which  lie  over  the  aqueduct  of  Sylvius  and  the  tegmentum  of  the  crus 
cerebri.  A  process,  or  "  brachium "  extends  forward  from  each,  and 
contains  white  fibres,  which  proceed  from  a  superficial  layer  immediately 
beneath  the  convex  surface.  The  process  from  the  anterior  tubercle  sends 
fibres  to  the  external  geniculate  body,  and,  by  the  posterior  portion  of  the 
internal  capsule,  to  the  tegmental  or  optic  radiation.  That  of  the  posterior 
tubercle  goes  to  the  internal  geniculate  body,  and  is  thus  connected, 
according  to  Von  Gudden,  with  the  commissural  fibres  of  the  optic  tract, 
which,  at  the  optic  chiasma,  turn  back,  along  the  opposite  optic  tract,  to  the 
opposite  internal  geniculate  body  and  corpora  quadrigemina. 

The  quadrigeminal  bodies  receive  many  fibres  from  the  tegmentum, 
chiefly  from  the  reticulate  formation,  and,  according  to  some  authorities, 
from  the  fillet.  From  the  gray  matter  of  the  corpora  quadrigemina  fibres 
pass  directly  to  the  subjacent  nucleus  of  the  third  nerves  (Meynert). 

We  have  no  direct  evidence  of  the  function  of  these  ganglia.  The  results 
of  experiment  are  difficult  to  interpret,  and  these  bodies  appear  to  have  a 
higher  relative  importance  in  animals.  In  man  they  are  scarcely  ever  the 
seat  of  isolated  disease.  It  is  not  probable  that  they  are  directly  concerned 
in  the  function  of  vision.  Stimulation  of  either  the  anterior  or  posterior 
causes  dilatation  of  the  pupils,  first  of  that  on  the  side  opposite  to  the 
tubercle  stimulated  ;  while  further  stimulation  causes  tonic  and  tetanic 
spasm,  ending  in  opisthotonos,  and  stimulation  of  the  posterior  causes  the 
animal  to  cry  out  (Ferrier  and  others).    The  relation  to  the  optic,  nerve  and 
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oculomotor  nuclei,  and  likewise  some  of  the  results  of  experiment,  strongly 
suggest  that  these  bodies  are  concerned  in  the  adjustment  of  ocular  move- 
ments to  visual  impressions.  The  spasm  produced  by  their  stimulation  must 
be  of  reflex  origin,  and  suggests  important  connections ;  but  of  the  nature 
of  these  we  have  at  present  no  evidence. 

ORIGIN  OF  THE  CRANIAL  NERVES. 
The  surface  attachment  of  the  cranial  nerves  is  too  well  known  to  need 
repetition  here.  Their  relative  position  is  shown  in  the  accompanying  figure 
(Fig.  201),  and  is  of  considerable  importance  because  it  determines  the 
grouping  of  nerve  palsies  in  diseases  of  the  base  of  the  brain.  The  nerves 
that  arise  nearest  the  middle  line,  and  are  therefore  most  readily  affected  on 
both  sides  by  a  single  lesion,  are  the  third  nerves.  The  two  sixth  nerves  are 
also  near  together,  and  so  are  the  two  hypoglossal  nerves,  but  the  latter  are 
seldom  both  affected  by  disease  outside  the  medulla,  because  each  passes  out- 
ward, and   they  are  separated   by 

,  .  .  .  .  Fig.  201. 

the  prominent  anterior  pyramids. 
The  two  sixth  nerves  suffer,  on  the 
other  hand,  with  great  frequency, 
because  they  have  a  long  course, 
not  far  apart,  over  the  most  promi- 
nent part  of  the  pons,  and  they  are 
readily  affected  by  distant  pressure. 
The  nerves  that  are  farthest  apart, 
and  are  least  frequently  damaged 
together  by  a  basal  lesion,  are  the 
two  fifth  nerves. 

With  regard  to  the  relative  posi- 
tion of  the  nerves,  the  fifth  occupies 
a  comparatively  isolated  position 
at  its  surface  attachment :  the  sixth 
nerve  is  the  nearest,  and  is  most 
frequently  associated  with  it  in  par- 
alysis. As  the  fifth  nerve  enters 
the  dura  mater  the  third  and  fourth 
nerves  are  also  near  it  (Fig.  202). 
The  contiguity  of  the  facial  and 
auditory,  and  also  that  of  the  glosso- 
pharyngeal, vagus,  and  spinal  acces- 
sory, are  well  known.  It  should  be  especially  noted  that  the  hypoglossal 
passes  outward  close  to  the  spinal  accessory,  and  hence  these  two  nerves  not 
unfrequently  suffer  together,  and  palsy  of  the  tongue  is  then  conjoined  with 
that  of  the  vocal  cord  on  the  same  side. 

The  deep  origin  of  these  nerves  (with  the  exception  of  the  first  two)  is 
from  a  series  of  tracts  of  gray  matter  which  are  situated  in  front  of  the  cen- 
tral cavity  of  the  mesencephalon,  and  extend  from  the  level  of  the  anterior 


Origin  of  the  cranial  nerves  (indicated  by  the  Roman 
numerals).  Th,  thalamus;  t  c,  tuber  cinereum  ;  h, 
pituitary  body  ("  hypophysis  cerebri ")  ;  P.  peduncle  ; 
P  V,  pons  Varolii ;  a,  corpora  albicantia;  Ce,  cerebel- 
lum ■  pa,  anterior  pyramid  ;  o,  olivary  body.  {After 
Henle.) 
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corpora  quadrigemina  above  to  that  of  the  decussation  of  the  pyrarr 
below.  Above  and  below,  these  tracts  lie  near  the  middle  line,  but  bene 
the  floor  of  the  fourth  ventricle  they  extend  almost  from  one  side  of  the  fl 
to  the  other.  Most  of  the  nuclei  are  situated  between  the  reticular  format 
and  the  floor  of  the  ventricle,  but  some  lie  on  the  outer  side  of  the  retici 
formation.  It  is  probable  that  the  upward  path  from  those  nuclei  that 
sensory  in  function  lies  in  the  reticular  formation,  while  that  from  the  br 
to  the  motor  nuclei  runs  chiefly  with  the  pyramidal  tracts,  as  we  have  aires 

Fig.  202. 


Base  of  the  skull,  showing  the  relative  positions  of  the  nerves  (I-XII)  as  they  enter  the  dura  mater, 
which  has  been  removed  on  the  right  side  from  the  Gasserian  ganglion,  V* ;  f  c  b,  cut  edge  of  falx 
cerebelli ;  H,  pedicle  of  pituitary  body  or  hypophysis  cerebri ;  T,  cut  edge  of  tentorium.  I  After 
Henle.) 


seen.     The  tracts  of  gray  matter  which  constitute  these  nuclei  are,  for  t 
most  part,  of  small  transverse  sectional  area,  but  of  considerable  le"ngth. 

The  hypoglossal  nucleus  (Figs.  198,  204,  205)  is  situated  close  to  the  mi 
die  line,  and  extends  from  just  above  the  decussation  of  the  pyramids  to  tl 
calamus  scriptorius  of  the  fourth  ventricle,  at  the  point  of  which  it  li 
beneath  the  prominence  that  adjoins  the  raphe.     Below  it  is  situated 
front  of  the  central  canal.     The  nerve  fibres  pass  from  it  through  the  inn 
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part  of  the  reticular  formation  and  olivary  body,  and  then  curve  outward 
between  the  latter  and  the  anterior  pyramid. 

Accessory,  vagus,  and  glosso-pharyngeal.— K.  group  of  nerve  cells  behind 
the  hypoglossal  nucleus,  and  behind  the  level  of  the  canal,  is  the  lower  part 
'  of  the  nucleus  of  the  spinal  accessory  nerve* 
(Fig.  198,  sp.  a.  nu.)  and  from  it  the  fibres 
course  outward  (Sp.  A),  through  the  lateral 
part  of  the  medulla.  As  the  canal  opens 
out  into  the  fourth  ventricle,  this  nucleus 
passes  to  the  outer  side  of  the  hypoglossal, 
and  the  fibres  pass  forward  between  the 
reticular  formation  and  the  restiform  body. 
The  nucleus  is  the  lowest  part  of  a  tract  of 
gray  matter,  the  upper  part  of  which  lies 
beneath  the  floor  (at  the  "  ala  cinerea  ") 
outside  the  eminentia  teres,  and  gives  origin, 
above  the  upper  fibres  of  the  spinal  acces- 
sory, to  the  fibres  of  the  pneumogastric,  and 
then  to  those  of  the  glosso-pharyngeal.  The 
filaments  of  origin  of  these  nerves  form  a 
continuous  series,  and  it  is  scarcely  possible 
to  say  where  one  ends  and  another  begins. 
They  all  have  a  similar  course  to  the  surface, 
emerging  beside  the  prominence  of  the  resti- 
form body,  and  all  pass  through  a  group  of 
longitudinal  fibres,  more  or  less  oval  in  trans- 
verse section,  the  ascending  root  of  the  fifth 
nerve  (Fig.  204,  V  asc).  No  other  nerve 
roots  pass  through  this  bundle.  It  may  be 
noted  that  the  fibres  of  the  spinal  accessory 
which  arise  from  the  medulla  are  those  that  innervate  the  muscles  of  the 
larynx,  and  are  thus  associated,  in  origin,  with  the  fibres  of  the  great  respi- 
ratory nerve,  the  vagus. 

Moreover,  in  this  relation,  another  connection  of  these  nerves  is  impor- 
tant. To  the  other  side  of  these  nuclei,  and  of  the  fibres  proceeding  from 
them,  is  another  bundle  of  longitudinal  fibres,  rounded  in  section  and  small 
in  size.  It  is  the  "slender  column"  of  Lockhart  Clarke  (Fig.  204).  It 
extends  upward  as  high  as  the  highest  part  of  the  glosso-pharyngeal  nucleus, 
while  downward  it  passes  into  the  deep  part  of  the  lateral  column  of  the 
cord ;  its  fibres  have  been  traced  as  far  as  the  middle  of  the  cervical  enlarge- 
ment, and  may  extend  lower  still.  Some  fibres  of  the  glosso-pharyngeal, 
pneumogastric,  and  spinal  accessory  nerves  pass  into  it,  or  rather  arise  from 
it,  and  hence  it  has  been  termed  their  ascending  root.f     It  is  supposed  to 

*  The  lower  fibres  of  the  nerve  arise,  not  from  the  spinal  accessory  nucleus  but  from  the 
anterior  cornu  of  the  upper  cervical  cord.     These  fibres  supply  the  muscles  of  the  neck. 
f  "Common  ascending  root  of  the  lateral  mixed  system,"  by  Meynert. 


Diagram  of  the  relative  position  of  the  nerve 
nuclei  beneath  the  floor  of  the  fourth  ven- 
tricle. Ill,  third  nerve  nucleus ;  IV, 
fourth  ;  V,  s,  middle  sensory  nucleus  of 
the  fifth;  V  m,  motor  nucleus  of  fifth; 
VI,  sixth  ;  F,  facial ;  Au,  auditory  ;  H, 
hypoglossal ;  V  a,  vago-accessorial  nu- 
cleus, the  upper  part  giving  origin  to  the 
pneumogastric,  the  lower  to  the  highest 
fibres  of  the  spinal  accessory.  Where  one 
nucleus  lies  beneath  another  its  outline  is- 
indicated  by  a  dotted  line. 
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be  connected  with  the  process  of  respiration,  to  which  the  spinal  accessory 
and  vagus  have  such  important  relations.  Hence  Krause  termed  it  the 
"respiratory  column."  Division  of  it  on  both  sides  is  said  to  arrest  all 
movements  of  respiration.* 

The  nucleus  of  the  pneumogastric  and  glossopharyngeal  nerves  is  thus  a 
tract  of  gray  matter  which  lies  beneath  the  outer  half  of  the  floor  of  the 
fourth  ventricle,  having  the  hypoglossal  nucleus  on  the  inner  side,  and  on 
the  outer  side  the  restiform  body  below  (where  the  pneumogastric  arises, 
Fig.  204)  and  the  lower  part  of  the  auditory  nuclei  above  (wh^re  it  gives 
•origin  to  the  glosso-pharyngeal,  Fig.  205).     Some  fibres  arise  from  groups 


Fig.  204. 
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Fig,  205. 
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Fig.  204. — Origin  01  pneumogastric.  Hy,  hypoglossal  nucleus;  Png,  chief  nucleus  of  pneumogastric  ;  An, 
i  e,  lowest  part  of  internal  and  (so-called)  external  auditory  nuclei;  V  asc,  ascending  root  of  fifth  ;  X, 
nucleus  of  unknown  function  in  front  of  reticular  formation  (ret.  fokm.)  ;  x,  fibres  passing  forward  from  the 
neighborhood  of  the  vagal  nucleus. 

Fig.  205. — Diagram  of  half-section  of  pons  at  the  level  of  the  glosso-pharyngeal  nucleus,  Gl.Ph.;  Hy, 
hypoglossal  nucleus.    The  other  lettering  is  the  same  as  in  Fig.  204. 


of  large  nerve  cells  in  the  deeper  part  of  this  tract,  and  these  are  probably 
the  motor  fibres  of  the  nerves  ;  such  cells  are  especially  conspicuous  in  the 
glosso-pharyngeal  portion  (Fig.  205).  Other  fibres  arise  from  smaller  nerve 
cells  in  the  more  superficial  gray  part  of  the  nucleus.  Some  fibres  seem  to 
come  from  the  "slender  column,"  as  already  stated,  and  others  have  been 
traced  inward  to  the. raphe.  According  to  Meynert,  some  fibres  of  the 
pneumogastric  pass  to  the  cerebellum  ;  the  gastric  functions  of  the  nerve  are 
readily  deranged  by  disturbance  of  the  equilibration,  as  in  the  vomiting  of 
vertigo.  Lastly,  from  the  neighborhood  of  this  nucleus,  where  the  nerve 
enters  it,  fibres  pass  forward  toward  the  deep  part  of  the  tegmentum  (xx, 
Figs.  204  and  205).     These  have  been  thought  to  arise  from  a  small  collec- 

*  Gierke.  At  the  same  time  the  division  of  this  tract  without  injury  to  adjacent  struc- 
tures, on  a  living  animal,  is  manifestly  impossible.  The  connection  with  the  vagus  has  been 
described  by  almost  all  investigators,  but  has  lately  been  contested  by  Spitzka  ( New  York 
Med.  Record,  1884). 
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Figs.  206,  207. 


tion  of  large  nerve  cells  (X),  but  most  of  them   certainly  pass  by  this 
nucleus*  to  nerve  cells  near  the  surface. 

The  deep  origin  of  the  auditory  nerve  is  still  involved  in  some  uncertainty. 
Its  attachment  to  the  medulla  (at  the  junction  of  this  with  the  pons)  is  by 
two  roots,  one  of  which  (Fig.  207) 
winds  round  the  restiform  body  (in- 
ferior cerebellar  peduncle),  while  the 
other  (Fig.  206)  passes  into  the  sub- 
stance of  the  medulla.  The  former  is 
termed  the  superficial  root,  and  the 
latter  the  deep  root.  The  superficial 
root  is  a  little  posterior  to  the  other, 
so  that  the  two  are  not  shown  in  the 
same  section.  The  lowest  superficial 
fibres  are  on  a  level  with  the  glosso- 
pharyngeal nucleus  (Fig.  205),  but  the 
nuclei  of  the  auditory  nerve  extend 
still  lower  in  the  medulla,  as  far  as  the 
middle  of  the  vagal  nucleus  (Fig.  204). 
The  superficial  root,  in  coursing  round 
the  medulla,  contains  some  gray  mat- 
ter mingled  with  its  fibres.  Some  of 
the  fibres  are  continuous  with  the 
auditory  striae,  which  seem  to  pass  to 
the  middle  line  and  opposite  side  of 
the  medulla.  Many  of  the  fibres  end 
in  a  thick  tract  of  gray  matter,  which 
occupies  the  inner  two-thirds  of  the 
floor  of  the  fourth  ventricle  at  this 
level,  the  "inner  auditory  nucleus" 
(Au  i,  Figs.  204-207),  and  is  com- 
monly regarded  as  the  chief  nucleus  of 
the  nerve.  Outside  this  is  a  smaller 
area  containing  many  groups  of  longi- 
tudinal fibres,  which  is  commonly  re- 
garded as  the  external  auditory  nucleus  (Au  e) ;  to  it  some  fibres  of  the 
superficial  root  seem  to  go,  but  it  is  probable  that  they  merely  pass  through 
it,  and  it  is  doubtful  whether  this  external  nucleus  is  really  connected  with 


Figs.  206  and  207. — Origin  of  auditory  nerve.  Fig. 
206  shows  the  origin  of  the  deep  (Au.  d.),  Fig.  207 
of  the  superficial  root.  Au.  a,  i,  and  e,  anterior, 
internal  and  so-called  external,  nuclei ;  Va,  ascend- 
ing root  of  fifth  ;  Fa,  nucleus  of  facial  nerve  ;  A 
P,  anterior  pyramid  ;  Tr  Pons,  transverse  fibres 
of  pons. 


*  The  nucleus  has  been  termed  the  "  anterior  nucleus "  of  these  nerves  by  some,  by 
others  the  "  nucleus  ambiguus."  It  is  not  certain  that  the  fibres  that  go  toward  it  are  root 
fibres.  I  believe  they  are  connected  with  scattered  nerve  cells  which  lie  among  the  arciform 
fibres,  between  the  ascending  root  of  the  fifth,  and  the  olivary  body.  I  have  many  times 
traced  the  fibres  to  this  part,  and  observed  that  these  cells  send  a  process  in  the  direction  of 
these  fibres.  The  nucleus  X  is  not,  as  might  be  imagined  from  its  position,  continuous  with 
that  of  the  facial  nerve. 
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the  auditory  nerve.*  As  the  nerve  courses  round  the  medulla  many  fibres 
curve  inward  into  the  restiform  body;  some  may  change  their  direction  and 
join  the  restiform  fibres,  but  others  appear  to  pass  transversely  through  the 
restiform  body,  and  to  be  continuous  with  the  transverse  fibres  of  the  teg- 
mental portion  of  the  pons.  What  their  destination  is  we  do  not  know. 
Meynert  thinks  that  they  may  pass  to  the  opposite  restiform  body  and  the 
cerebellum. 

The  deep  root  (Fig.  206)  passes  inward  and  upward  on  the  inner  side  of 
the  restiform  body,  at  the  level  of  the  lowest  fibres  of  the  pons.  It  has  been 
supposed  to  go  to  the  external  auditory  nucleus  above  described.  But  many 
fibres  curve  outward  into  the  restiform  body  and  pass  toward  the  middle  lobe 
of  the  cerebellum.  These  are  probably  the  fibres  that  come  from  the  semi- 
circular canals,  and  subserve,  not  auditory  sensations,  but  impressions  from 
the  canals  determined  by  the  position  and  movement  of  the  body.  A  few 
fibres  may  reach  the  internal  auditory  nucleus,  while  others  turn  outward 
before  reaching  the  restiform  body  to  a  collection  of  gray  matter  which  lies 
in  front  of  the  latter,  the  "  anterior  auditory  nucleus  "  (_Au  a,  Fig.  206). 
Lower  down,  this  anterior  nucleus  lies  in  the  angle  between  the  two  roots  of 
the  nerves. 

Of  the  auditory  path  to  the  hemisphere  we  know  only  that  it  passes  by  the 
posterior  part  of  the  internal  capsule.  It  probably  passes  in  the  most  super- 
ficial layer  of  the  tegmentum  of  the  crus.f  Meynert  thinks  that  it  passes 
through  the  cerebellum  and  not  through  the  pons,  and  improbable  as  this  may 
seem,  it  cannot  be  said  that  we  have  any  facts  at  present  inconsistent  with 
the  hypothesis. 

Above  the  auditory  strias  the  most  prominent  part  of  the  eminentia  teres 
marks  the  position  of  the  nucleus  of  the  sixth  nerve  (Fig.  208),  to  which  the 
fibres  pass  through  the  inner  part  of  the  reticular  formation.  They  enter 
the  nucleus  on  its  inner  side.  The  fibres  of  the  facial  nerve  pass  outside  the 
reticular  formation  to  the  neighborhood  of  the  sixth  nucleus,  where  they 
form  a  loop  and  turn  downward,  most  of  them  in  a  compact  bundle  around 
the  upper  extremity  of  the  nucleus,  but  some  through  the  nucleus  itself.  They 
then  radiate  downward,  forward,  and  outward  to  a  column  of  nerve  cells 
(Fa,  Figs.  206,  207),  which  lies  above  the  outer  part  of  the  fillet,  near  the 
gray  tract  known  as  the  "superior  olivary  body."  There  is  a  very  close 
physiological  connection  between  the  muscles  of  the  lip  and  tongue,  and 
the  facial  nucleus  extends  down  almost  to  the  level  of  the  hypoglossal  nucleus, 


*  Monakow  found  it  atrophied  after  hemisection  of  the  lower  part  of  the  medulla  (Arch, 
f.  Psych.,  Bd.  xiv).  See  also,  on  this  subject  (Onafrowicz,  id.,  Bd.  xvi).  This  nucleus  has 
been  also  termed  "Deiter's  nucleus,"  as  an  indifferent  designation,  but  the  name  has  not 
come  into  general  use,  and  it  is  marked,  Au  e,  in  the  diagrams,  in  accordance  with  prevailing 
usage. 

f  See  a  case  published  by  me,  Lancet,  March  15th,  1879,  in  which  bilateral  deafness 
was  caused  by  a  tumor  of  the  corpora  quadrigemina,  damaging  the  superficial  layer  of  the 
tegmentum  on  each  side. 
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but  the  two  are  some  distance  apart,  and  we  do  not  know  whether  the 
connection  between  the  lips  and  tongue  is  subserved  by  fibres  that  pass 
between  the  two  nuclei,  or  whether  (as  is  possible)  the  nerve  fibres  for  the  lips 
actually  arise  from  the  hypoglossal  nucleus.  Many  of  the  fibres  of  the  facial 
nerve,  turning  downward  at  the  loop,  have  a  longitudinal  course  in  the  inner 
part  of.  the  reticular  formation,  and  may  readily  reach  the  hypoglossal 
nucleus.* 

The  origin  of  the  fifth  nerve  (Fig.  209)  is  very  extensive,  its  deep  connec- 
tion reaching  from  the  level  of  the  anterior  quadrigeminal  tubercle  to  the 
lowest  part  of  the  medulla.  This  is  not  surprising  when  we  reflect  that 
this  nerve  represents  the  sensory  roots  of  all  the  motor  cranial  nerves,  from 


Fig. 208. 
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Transverse  section  of  the  pons  at  the  level  of  the  nuclei  of  the  sixth  nerves 
(VI)  ;  ret.  FORM.,  reticular  formation  ;  Vm,  motor  nucleus  of  fifth 
nerve ;  Va,  its  ascending  root  seen  in  section ;  sup.  OL.,  superior  olivary 
body. 

the  third  to  the  hypoglossal.  The  two  parts  of  the  nerve  pass  backward 
and  inward,  through  the  outer  part  of  the  pons,  or  rather  through  the  inner 
part  of  the  middle  peduncle  of  the  cerebellum.  The  smaller,  motor 
root  is  a  little  higher  up  than  the  other.  The  sensory  root  reaches 
the  outer  part  of  the  tegmentum,  beneath  the  outer  edge  of  the  floor  of 
the  fourth  ventricle,  and  there  some  of  its  fibres  terminate  in  small  collec- 
tions of  gray  matter,  which  are  collectively  termed  the  middle  nucleus,  or 
"  chief  nucleus."     It  is  certainly  not  the  chief  origin  of  the  nerve,  for  by  far 


*  The  closeness  of  the  central  relation  between  the  lips  and  tongue  is  shown  both  by  their 
simultaneous  affection  in  disease,  such  as  labio-glossal  paralysis,  and  by  the  fact  that  the  trans- 
verse fibres  of  the  tongue  and  the  orbicularis  oris  can  only  contract  together. 
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Origin   of   fifth   nerves.       V  mot,   motor    nucleus 
Vase ,y  ascending  root. 


the  largest  number  of  the  fibres  turn  downward  and  descend  the  pons  and 
medulla,  as  a  compact  collection  of  bundles,  lying  in  the  same  relative 

position,  on  the  outer  side  of  the  teg- 
Fic.  209:  mentum.    This  is  termed  the  ascending 

root.  It  is  a  conspicuous  object  in 
all  sections,  and  is  shown  in  most  of 
the  preceding  figures  {V  asc).  It 
becomes  smaller  as  it  passes  down  the 
medulla,  but  the  ultimate  origin  of  its 
fibres  is  not  known.  It  terminates 
near  the  upper  extremity  of  the  gray 
tubercle  of  Rolando,  into  which  the 
caput  cornu  posterioris  of  the  cord 
develops,  but  its  connection  with  the 
tubercle  is  not  proved.  (3)  Some 
fibres  of  the  nerve  course  inward,  be- 
neath the  floor  of  the  fourth  ventricle ; 
passing  through  the  posterior  horizontal  fibres,  they  reach  the  raphe  and 
probably  go  to  the  opposite  half  of  the  pons :  their  precise  origin  is  not 
known.  This  is  termed  the  medial  root.  It  is  easily  mistaken  for  the  loop 
of  the  facial  nerve,  which  has  a  similar  position  a  little  lower  down  the 
pons.  A  few  fibres  are  said  to  turn  outward  to  the  cerebellum.  The  de- 
scending root  of  the  nerve  consists  of  a  series  of  bundles  which  pass  upward* 
and  lie  outside  the  aqueduct  of  Sylvius,  where  they  are  arranged  somewhat 
in  the  form  of  a  crescent  (Figs.  210  and  2ii).f  They  can  be  traced  as  far 
as  the  upper  part  of  the  corpora  quadrigemina,  but  lessening  in  number, 
and  they  apparently  rise  from  large  rounded  nerve  cells  that  lie  adjacent  to 
the  root.  The  root  has  commonly  been  regarded  as  one  origin  of  the  sen- 
sory portion  of  the  nerve,  but  it  has  been  stated  (by  Henle  and  Forel)  that 
most  of  its  fibres  enter  the  motor  division. J  Almost  all  the  fibres  of  the 
motor  root  end  in  a  large  collection  of  nerve  cells  (V  mot.),  which  lies  on 
the  inner  side  of  the  sensory  root,  in  the  outer  part  of  the  tegmentum,  and 
extends  for  a  short  distance  down  the  pons. 

Each  fourth  nerve,  arising  from  the  valve  of  Vieussens  (superior  medullary 
velum),  decussates  within  the  substance  of  the  valve  with  its  fellow  (Fig. 
211).  It  is  the  only  nerve  that  decussates  between  its  surface  origin  and 
nucleus,  with  the  exception  of  the  optic.  In  its  course  in  the  velum,  the 
nerve  divides  into  a  series  of  bundles,  which  curve  forward  and  upward, 


*  The  terms  ascending  and  descending  have  been  adopted,  apparently  under  the  influence 
of  the  word  "  root,"  but  in  tracing  the  fibres  it  is  convenient  to  adopt  the  opposite  mode  of 
expression.     It  should  be  remembered,  also,  that  the  ascending  root  conducts  downward. 

f  See  also  Fig.  194  (p.  470),  in  which  the  crescent  on  each  side  of  the  aqueduct  repre- 
sents the  descending  root. 

%  In  spite  of  the  high  character  of  these  authorities,  the  statement  is  so  opposed  to  the 
opinion  of  other  investigators  that  the  point  must  be  regarded  as  at  present  unsettled. 
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round  the  central  gray  matter  lining  the  aqueduct  of  Sylvius,  to  a  collection 
of  nerve  cells  at  the  hinder  and  outer  part  of  the  posterior  longitudinal 
fibres  (Fig.  210).  The  nucleus  lies  beneath  the  junction  of  the  anterior  and 
posterior  quadrigeminal  bodies,  so  that  the  fibres  pass  the  whole  length  of 
the  nates  before  reaching  the  nucleus.  Hence,  according  to  the  position  of 
the  section,  the  bundles  are  divided  transversely,  obliquely,  or  longitudi- 
nally (see  Figs.  210  and  211).  Some  fibres  seem  to  pass  to  the  posterior 
longitudinal  bundles. 

The  fibres  of  the  third  nerve  arise  from  a  column  of  nerve  cells  that  occu- 
pies the  anterior  part  of  the  central  gray  matter  below  the  aqueduct  of  Syl- 
vius, beneath  the  anterior  quadrigeminal  bodies  and  the  posterior  commis- 
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Figs.  210,  nucleus,  and  211,  origin  of  fourth  nerves,  v.  des., 
descending  root  of  the  fifth  nerve ;  iv,  iv,  sections  of 
fasciculi  of  the  fourth  nerves. 


sure  (Fig.  194,  p.  470).  The  cells  from  which  the  fourth  nerve  arises  are  in 
the  lowest  part  of  this  column.  The  fibres  of  origin  of  the  third  nerve  pass 
forward,  curving  outward  through  the  red  nucleus,  and  then  inward,  to  the 
side  of  the  crus,  where  they  emerge.  On  leaving  the  nucleus  they  pass 
through  the  posterior  horizontal  bundles,  which,  as  we  have  seen  (p.  476),  are 
connected  with  this  nucleus,  and  seem  to  establish  an  association  between  it 
and  the  sixth  nucleus,  through  which  the  external  and  internal  recti  act 
together.  The  researches  of  Hensen  and  Voelcker  show  that  the  nucleus  of 
the  third  nerve  in  dogs  contains  a  series  of  centres,  corresponding  to  the 
several  functions  subserved  by  the  nerve,  the  most  anterior  being  related  to 
31 
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accommodation,  the  next  to  the  reflex  action  of  the  iris,  while  the  remainder 
of  the  nucleus,  comprising  its  chief  part,  subserves  the  external  ocular 
muscles  in  the  following  order,  from  before  backward:  Internal  rectus, 
superior  rectus,  levator  palpebral  superioris,  inferior  rectus,  superior  oblique. 
It  is  highly  probable  that  the  same  arrangement  obtains  in  man,  and  that 
the  serial  disposition  of  the  filaments  of  origin  of  the  nerve  corresponds  to 
the  series  of  functions  and  of  centres.  It  is  to  be  noted,  in  this  arrangement, 
that  the  centres  are  contiguous  for  those  muscles  that  habitually  act  together, 
the  superior  rectus  and  levator,  the  inferior  rectus  and  superior  oblique.  A 
much  more  complex  arrangement  subserves  the  association  of  the  internal 
and  external  recti.  When  acting  together,  both  these  muscles  are  innervated 
through  the  nucleus  of  the  sixth,  disease  of  which  causes  loss  of  at  least  the 
associated  action  of  the  internal  rectus.  The  path  from  the  sixth  nucleus  to 
the  origin  of  the  internal  rectus  is  doubtless  by  the  posterior  longitudinal 
fibres ;  and  there  is  some  reason  to  regard  the  superior  olivary  body  as  con- 
cerned in  the  action.  The  subject  is  considered  more  fully  in  the  account 
of  diseases  of  the  oculo-motor  nerves.  Fibres  pass  to  the  third  nuclei  from 
the  gray  matter  of  the  quadrigeminal  bodies,  and  may  subserve  the  relation 
between  visual  impressions  and  ocular  movements. 

The  origin  of  the  optic  nerves  is  complex  and  still  imperfectly  understood. 
At  the  optic  chiasma  a  partial  decussation  takes  place,  the  fibres  from  the 
nasal  half  of  each  retina  cross,  and  as  the  temporal  half  of  each  field  of  vision 
(subserved  by  the  nasal  half  of  the  retina)  is  the  larger,  more  fibres  cross 
than  pass  uncrossed.  Thus  each  optic  tract  contains  the  fibres  from  the 
same-named  half  of  each  retina,  and  conduct  impressions  from  the  other- 
named  half  of  each  field.  Fibres  also  pass  from  one  tract  to  the  other  by 
the  posterior  portion  of  the  chiasma.  The  old  opinion  that  fibres  pass  from 
one  optic  nerve  to  the  other,  by  the  anterior  part  of  the  chiasma,  seems  to 
be  erroneous.  In  the  tract,  the  fibres  from  the  opposite  eye  lie  chiefly  on 
the  inferior  (basal)  surface  ;  the  direct  fibres  lie  in  the  superior  part  of  the 
tract;  and  the  fibres  from  the  opposite  tract  are  on  the  inner  side.  (V. 
Gudden.)  The  fibres  from  the  lower  half  of  each  retina  lie  outside  to  those 
from  the  upper  half  (Marchand).  Beneath  the  posterior  extremity  of  the 
thalamus  the  optic  tract  divides  into  two  parts.  The  outer  is  the  larger,  and 
goes  to  the  optic  thalamus,  external  corpus  geniculatum,  and  anterior  quad- 
rigeminal body.  All  these  structures  atrophy  after  extirpation  of  the  eye  of 
young  animals  (v.  Gudden).  From  each  of  these  bodies  fibres  pass  to  the 
posterior  (sensory)  portion  of  the  internal  capsule  and  thence  to  the  white 
substance  of  the  occipital  lobes,  in  the  "optic  radiation"  of  Gratiolet. 
Some  fibres  of  the  tract  have  been  said  to  pass  directly  to  the  hemisphere, 
but  it  is  doubtful  whether  any  have  this  direct  course.  Of  these  intermediate 
stations,  the  external  corpus  geniculatum  has  been  commonly  regarded  as 
that  which  is  of  chief  importance  in  connection  with  the  visual  fibres  since 
its  atrophy  has  been  frequently  observed  in  cases  of  long-standing  atrophy 
of  the  tract.  But  many  recent  observations  establish  the  fact  that  disease 
limited  to  the  posterior  extremity  of  the  optic  thalamus  may  cause  hemiano- 
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pia,  and  it  seems  doubtful  whether  the.symptom  is  caused  by  disease  of  the 
external  geniculate  body*  Hence  we  must  regard  the  pulvinar  as  the  inter- 
mediate visual  centre,  and  the  precise  function  of  the  external  corpus  genicu- 
latum  becomes  again  mysterious.     The  inner  root  of  the  optic  nerve  goes  to 


Fig. 
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Diagram  of  the  relation  of  the  fields  of  vision,  retina,  and  optic  tracts.  R  F,  L  F,  right 
and  left  fields — the  asterisk  is  at  the  fixation  point ;  R  R,  L  R,  right  and  left  retina — 
the  asterisk  is  at  the  macula  lutea;  Ih,  rh,  left  and  right  half  of  each  retina,  receiving 
rays  from  the  opposite  halves  of  the  fields ;  R  N,  L  N,  right  and  left  optic  nerves ;  Ch, 
chiasma  ;  R  T,  L  T,  right  and  left  optic  tracts ;  below  are  the  superimposed  halves  of 
the  fields  from  which  impressions  pass  by  each  optic  tract. 

the  internal  geniculate  body,  and  is  said  to  contain  only  those  fibres  which 
at  the  Optic  commissure  turn  back  to  the  opposite  optic  tract  (v.  Gudden). 
Through  this  body  the  nerve  also  appears  to  be  connected  with  the  posterior 


*  It  is  commonly  believed  that  the  fibres  are  interrupted  by  nerve  cells  in  these  ganglia, 
but  Darkschewitsch  (Arch./.  Anat.  u.  Phys.,  1886)  has  recently  asserted  that  they  pass 
through  without  interruption,  a  fact  that  can  scarcely  be  proved  by  the  method  of  investiga- 
tion employed  by  him.  Secondary  degeneration  from  a  lesion  of  the  occipital  lobe  causing 
hemianopia  has  been  traced  into  the  pulvinar,  but  no  farther  (Richter,  Arch.  f.  Psych.,  xvi, 
638). 
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corpus  quadrigeminum.  The  connection  of  the  optic  nerves  with  these 
bodies  probably  subserves  the  relation  between  visual  impressions  and  ocular 
movements.  The  relation  of  the  cortex  to  vision  has  been  already  men- 
tioned, and  some  other  points  in  connection  with  the  function  of  the  nerves 
will  be  described  in  the  account  of  their  diseases. 

The  central  connections  of  the  olfactory  nerve  are  still  but  little  known. 
The  external  root,  crossing  the  fissure  of  Sylvius,  passes  to  the  temporal  lobe 
— toward  the  anterior  part  of  the  uncinate  convolution.  There  is  some  evi- 
dence, as  we  have  seen,  that  an  olfactory  centre  exists  in  this  locality.  Some 
fibres  (according  to  Obersteiner)  pass  to  the  optic  thalamus  on  the  same 
side.  The  fibres  of  the  inner  root  go  to  the  anterior  commissure,  one  part 
of  which,  in  animals,  is  large  in  proportion  to  the  size  of  the  olfactory  nerves, 
and  is  regarded  as  commissural  between  the  two  olfactory  bulbs.  But  there 
is  evidence  that  the  path  from  one  olfactory  nerve  reaches  the  cortex  of  the 
opposite  hemisphere,  since  the  sense  of  smell  has  been  affected,  together 
with  the  other  special  senses  on  the  same  side,  by  disease  of  the  posterior 
part  of  the  opposite  internal  capsule,  and  also  by  disease  of  the  cortex  (see 
p.  461).  It  is  possible,  as  Charcot  suggests,  that  the  path  damaged  by 
disease  involving  the  internal  capsule  is  that  which  crosses  by  the  anterior 
commissure.* 

CEREBELLUM. 

The  division  of  the  cerebellum  into  two  hemispheres  and  a  middle  lobe, 
founded  on.  external  conformation,  is  borne  out  by  the  little  we  know  of 
its  function.  Nevertheless,  all  parts  consist  of  similar  structural  elements. 
Branching  folia  everywhere  constitute  the  superficial  layer ;  the  gray  sub- 
stance which  envelops  these  folia,  and,  following  all  the  involutions  of  their 
surface,  is  of  enormous  superficial  extent,  has  an  identical  three-layered 
structure  in  all  parts.  Below  a  superficial  "gelatinous  stratum"  is  a  layer 
that  contains  nuclei  and  branching  fibres,  which  are  the  processes  of  the 
large  "cells  of  Purkinje."  These  cells  lie  at  the  junction  of  this  and  the 
deepest  layer  of  the  cortex  ;  the  latter  is  composed  of  nuclear  bodies  similar 
in  aspect  to  those  that  constitute  the  granule  layers  of  the  retina.  The  gray 
matter  is  not  confined  to  the  cortex.  It  exists  also  in  the  white  substance, 
as  a  series  of  masses  or  "  nuclei."  Of  these  the  corpus  dentatum  lies  in  the 
inner  part  of  the  hemisphere,  and  closely  resembles  the  olivary  body  of  the 
medulla.     In  the  white  substance  of  the  middle  lobe  is  the  "  roof  nucleus," 

*  But  the  subject  is  involved  in  great  obscurity.  The  other  fibres  of  the  anterior  commis- 
sure pass  into  the  temporal  lobe,  but  they  have  not  been  traced  to  the  uncinate  gyrus.  Mey- 
nert  says  that  fibres  pass  back  from  the  anterior  commissure,  and  thus  the  olfactory  path 
(whether  from  the  nerve  by  the  one  part  of  the  commissure,  or  from  the  opposite  uncinate 
centre  by  the  other  part  of  the  commissure)  may  reach,  as  it  certainly  does,  the  internal 
capsule,  but  Ganser  denies  that  fibres  pass  backward  from  the  anterior  commissure.  As  a 
further  instance  of  the  uncertainty  as  to  the  precise  relations  of  the  anterior  commissure,  most 
of  its  fibres  have  been  found  secondarily  degenerated  in  a  case  of  bilateral  softening  of  the 
region  of  the  lingual  gyrus,  by  Popow,  who  regards  it  as  a  commissure  between  these  convo- 
lutions (  Wratsch,  1886,  and  Cent.  f.  Nervenh. ,  1886,  p.  684). 
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RN,  Fig.  213,  so  called  by  Stilling  because  it  lies  just  above  the  roof  of 
the  fourth  ventricle.  At  the  junction  of  the  hemisphere  and  middle  lobe 
are  two  other  gray  bodies,  the  "spherical"  and  "  emboliform  "  nuclei 
(Stilling).     The  latter  is  the  nearer  to  the  dentate  body. 

The  course  of  the  fibres  in  the  white  substance  is  still  imperfectly  known. 
The  difficulty  of  tracing  them  is  extreme,  unaided  as  it  is  by  secondary 
degeneration,  and  the  conclusions  reached  by  different  investigators,  do  not 
altogether  correspond.  Although  much  has  been  written  on  the  subject, 
the  facts  are  so  uncertain,  and  their  application  is  so  meagre,  that  a  lengthy 
discussion  of  the  subject  is  unprofitable.  There  are  few  well-marked  tracts 
of  fibres,  and  of  those  that  can  be  distinguished,  such  as  the  semilunar  tract 
(Sent,  Fig.  213)  in  the  outer  part  of  the  hemisphere,  the  connections  are 
doubtful.  Some  fibres  of  the  hemisphere  appear  to  pass  in  various  directions 
between  the  different  folia  of  the  cortex;  others  pass  inward,  or  toward  the 
middle  line.  Of  the  latter,  some  go  to  the  dentate  nucleus,  and  interlace 
around  it   in  a  felty  capsule,  the  "  fleece"  of  Stilling;  others  pass  to  the 


Fig.  213. 


Nuclei  of  the  cerebellum.  C  d,  corpus  dentatum ;  E,  emboliform  nucleus  ; 
S  s,  parts  of  the  spherical  nucleus ;  AC,  anterior  commissure ;  Sem, 
semilunar  tract. 


middle  peduncle  and  end  in  the  gray  matter  of  the  pons,  and  through  this 
are  connected  with  the  cortex  of  the  cerebral  hemispheres  and  with  the 
corpus  striatum,  as  we  have  already  seen  (p.  472).  Other  fibres  pass  to  the 
middle  lobe,  part  of  which  may  have  a  commissural  function.  Flechsig 
states  that  many  fibres  connect  the  cortex  of  the  superior  vermiform  process 
with  that  of  the  cerebellar  hemispheres. 

Of  the  fibres  of  the  inferior  peduncle  many  course  to  the  neighborhood  of 
the  dentate  nucleus ;  some  enter  this  nucleus,  and  apparently  connect  it 
with  the  olivary  body.  The  destination  of  those  that  pass  by  the  dentate 
nucleus  is  very  uncertain.  Stilling  thinks  that  most  go  to  the  cortex  of  the 
hemisphere  and  a  few  directly  to  the  superior  peduncle.  Another  and  very 
important  series  of  fibres  of  the  inferior  peduncle  pass  to  the  middle  lobe. 
Among  these  are  the  fibres  of  the  direct  cerebellar  tract,  and  probably  fibres 
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from  the  posterior  pyramids  and  from  the  auditory  nerves  and  nuclei.  Mc 
of  these  fibres  are  believed  to  cross  the  middle  line,  and  end  in  the  gn 
matter  of  the  opposite  side  of  the  middle  lobe;  some  in  the  roof  nuclei 
others  probably  in  the  gray  cortex  of  the  superior  vermiform  process.  Tl 
fibres  of  the  middle  peduncle  connect  the  gray  matter  of  the  pons  with  tl 
cortex  of  the  cerebellar  hemisphere.  Most  of  the  fibres  of  the  superi 
peduncle  go  to  the  neighborhood  of  the  dentate  nucleus,  but  some  are  sa 
by  Stilling  to  radiate  to  the  cortex  of  the  anterior  and  outer  part  of  tl 
hemisphere,  others  to  pass  to  the  inferior  peduncle,  and  others  again  to  tl 
middle  lobe.  The  fibres  of  the  superior  peduncle  cross  the  middle  lii 
beneath  the  corpora  quadrigemina,  and  pass  through  the  opposite  re 
nucleus. 

The  precise  functions  subserved  by  the  cerebellum  have  been  long 
mystery.  There  is,  however,  abundant  evidence,  experimental  and  path' 
logical,  to  show  that  this  part  of  the  brain  is  in  some  way  connected  wil 
the  coordination  of  movement,  and  especially  with  those  muscular  actioi 
which  maintain  the  equilibrium  of  the  body.  It  appears,  however,  that  th 
function  is  confined  to  the  middle  lobe.  As  Nothnagel  first  showed,  tl 
function  is  not  impaired  by  disease  of  the  hemispheres,  unless  such  diseai 
compresses  the  middle  lobe.  We  do  not  know  to  what  extent  this  functio 
is  subserved  by  the  roof  nucleus,  or  by  the  gray  matter  of  the  middle  corte: 
We  may  reasonably  assume  that  the  fibres  which  go  to  the  middle  lobe  froi 
the  cord,  those  of  the  direct  cerebellar  tract  and  (probably)  from  the  pos 
pyramidal  nuclei,  are  connected  with  this  function,  since  we  have  seen  reaso 
(in  the  account  of  the  spinal  cord)  to  believe  that  these  fibres  constitui 
the  path  of  centripetal  impressions  from  the  muscles,  interruption  of  whic 
causes  incoordination.  We  may  likewise  assume  that  this,  function  is  als 
subserved  by  the  fibres  which  pass  from  the  auditory  nerves  or  nuclei  to  tl 
middle  lobe,  since  that  part  of  the  auditory  nerve  which  comes  from  tl 
semicircular  canals  conducts  impressions  determined  by  the  position  an 
movement  of  the  body  (acting  on  the  endolymph),  and  disturbance  of  the; 
fibres  deranges  the  maintenance  of  equilibrium.  The  only  effect  of  electric; 
stimulation  of  the  middle  lobe  obtained  by  Ferrier  was  a  movement  of  tr. 
eyes.  It  is  not  probable  that  there  are  centres  for. the  ocular  movements  i 
the  cerebellum,  but  a  connection  between  the  centres  for  these  movemen 
and  the  middle  lobe  is  highly  probable,  since  the  relation  of  seen  objects  t 
the  body  is  estimated  unconsciously  from  the  position  of  the  eyes ;  the  degre 
of  innervation  of  the  ocular  muscles  must  influence  the  mechanism  for  mail 
taining  equilibrium.  It  is  to  be  noted  that  most  of  these  impressions,  e.  g 
from  the  muscles  of  the  legs  and  from  the  semicircular  canals,  do  n< 
influence  consciousness  directly,  and  so  cannot,  strictly  speaking,  be  calle 
"  sensory."  It  may  be  that  in  the  middle  lobe  of  the  cerebellum  we  have 
mechanism  by  which  the  various  centripetal  impulses  are  combined  an 
harmonized,  and  that  an  influence  is  thence  exerted  on  the  motor  centres  i 
the  cerebral  hemispheres,  from  which  the  muscles  are  excited  to  the  necessar 
contraction. 
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The  function  of  the  hemispheres  of  the  cerebellum  is  still  mysterious. 
They  lessen  in  size  as  we  descend  the  scale  of  animals,  until  they  disappear 
in  birds,  in  which  the  whole  cerebellum  corresponds  to  the  middle  lobe  of 
man.  They  are  connected  chiefly  with  those  parts  of  the  cortex  of  the  cere- 
brum which  chiefly  subserve  psychical  processes.  With  these  parts,  more- 
over, the  cerebellar  hemispheres  have  this  in  common,  that  simple  loss  of 
substance  causes  no  definite  and  recognizable  loss  of  any  function  of  the 
brain.  The  loss  can  apparently  be  compensated  by  other  parts.  Hence  it 
seems  possible  that  the  old  theory  may  be  correct  which  assumes  that  the 
cerebellar  hemispheres  are  in  some  way  connected  with  psychical  processes. 

BLOOD  VESSELS  OF  THE  BRAIN. 
The  blood  supply  to  the  brain  is  a  subject  of  great  importance,  because  many 
diseases  are  due  to  the  rupture  or  obstruction  of  vessels,  and  the  distribution  of 
the  vessels  (especially  that  of  the  arteries)  explains  the  incidence  of  a  large  num- 
ber of  cerebral  lesions. 

Distribution  of  the  Cerebral  Arteries.* — The  blood  supply  to  the  brain 
comes  from  the  carotid  and  vertebral  arteries.  The  mode  of  origin  of  the  two 
carotids  presents  an  important  difference,  which  explains  why  embolism  is  more 
frequent  on  the  left  side  than  on  the  right.  The  left  carotid  arises  directly  from 
the  highest  part  of  the  arch  of  the  aorta,  and  its  course  is  thus  almost  a  direct  con- 
tinuation of  the  direction  of  the  current  of  blood  in  the  aorta,  whereas  the  right 
carotid  comes  from  the  innominate,  which  arises  from  the  aorta  at  an  angle  with 
the  course  of  the  aortic  blood.  Hence  clots,  washed  from  the  cardiac  valves,  pass 
into  the  left  carotid  more  readily  than  into  the  right. 

There  is  a  similar  difference  in  the  mode  of  origin  of  the  two  vertebrals.  The 
left,  usually  the  larger,  arises  from  the  left  subclavian  in  the  ascending  part  of  its 
course,  while  the  right  subclavian  gives  origin  to  its  vertebral  when  horizontal. 
Hence  a  plug  can  enter  the  left  vertebral  more  readily  than  the  right,  because  the 
direction  of  this  vessel  is  that  of  the  blood  current,  and  this  is  probably  also  the 
reason  why  the  left  vertebral  is  usually  larger  than  the  right.  But  this  does  not 
determine  any  difference  in  the  frequency  of  embolic  obstruction  in  the  two  pos- 
terior cerebral  arteries,  because,  to  reach  these,  the  plug  has  to  pass  through  the 
common  basilar. 

The  "circle  of  Willis,"  it  will  be  remembered,  is  formed  by  the  two  posterior 
communicating  arteries,  which  pass,  one  on  each  side,  from  the  internal  carotids 
to  the  posterior  cerebrals  into  which  the  basilar  divides,  and  by  the  anterior  com- 
municating artery,  between  the  two  anterior  cerebrals  of  the  internal  carotid.  The 
usual  arrangement  is  subject  to  occasional  varieties,  which  are  important  because 
they  explain  some  of  the  anomalous  facts  of  disease.  The  vertebrals  often  present 
abnormalities  which  will  be  described  further  on.  One  posterior  communicating 
artery  is  sometimes  very  small,  and  occasionally  one,  usually  the  right,  is  abnor- 
mally large,  and  through  such  a  vessel  the  posterior  cerebral  may  even  arise  from 
the  carotid,  a  minute  branch  from  the  basilar  representing  the  usual  origin  of  the 
vessel.     Duret  has  even  seen  the  chief  blood  supply  to  the  basilar  come  from  the 

*Our  knowledge  of  the  distribution  of  the  vessels  within  the  substance  of  the  brain  is 
largely  due  to  the  researches  of  Duret,  Arch,  de  Physiologic,  1873  and  1874,  and  Heubner, 
Cenlralblatt  f.  m.  Wissensch.,  1872. 
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carotid,  by  a  large  artery  which  entered  the  basilar  in  the  middle  of  its  course,  the 
vertebrals  and  the  lower  part  of  the  basilar  being  very  small.  Occasionally  one 
anterior  cerebral,  almost  always  the  right  (Duret),  is  very  small  at  its  origin,  and 
the  anterior  communicating  artery  is  abnormally  large,  so  that  the  right  anterior 
cerebral  virtually  arises  from  the  left.  It  is  to  be  noted,  further,  that  there  are 
usually  communicating  branches  between  the  posterior  cerebrals  and  the  anterior 
cerebellar  arteries,  which,  with  the  posterior  communicating  arteries,  constitute  an 
important  connection  between  the  carotid  and  the  basilar  systems. 

The  internal  carotid,  on  each  side,  divides  into  the  anterior  and  middle  cerebral 
arteries,  and  from  these,  and  the  posterior  cerebral,  the  blood  supply  of  each 
hemisphere  is  derived.  From  the  circle  of  Willis,  and  the  commencement  of  the 
three  cerebral  arteries,  small  branches  arise  which  supply  the  central  ganglia  of 
the  hemisphere  and  the  adjacent  white  substance,  while  the  three  arteries  ramify 
over  the  surface  of  the  brain,  and  supply  the  gray  cortex  and  the  greater  part  of 
the  white  substance  of  the  hemisphere.  Between  these  central  and  cortical  sys- 
tems there  are  no  anastomoses,  nor  do  the  central  branches  communicate  with 
each  other.  The  anastomoses  between  the  several  cortical  branches  seem  to 
vary  in  different  persons.  In  many,  the  communications  are  too  slight  to  permit 
of  the  establishment  of  a  collateral  circulation.  In  others  they  appear  to  be  suffi- 
cient to  maintain  nutrition.  Moreover,  similar  differences  seem  to  exist  among 
the  cortical  branches  in  the  same  individual  and  even  among  those  of  the  same 
vessel ;  hence  the  effects  of  obstruction  of  these  vessels  vary  much.* 

The  central  arteries  may  be  divided  into  six  groups,  two  medial  and  four  lateral, 
two  on  each  side. 

The  anterior  medial  group  consists  of  a  few  twigs,  inconstant,  which  are  given 
off  from  the  anterior  cerebrals  and  anterior  communicating  artery.  They  supply 
the  anterior  extremity  of  each  caudate  nucleus.  The  posterior  medial  group  con- 
sists of  twigs  given  off  by  the  posterior  cerebral  arteries  near  their  origin  from  the 
basilar  ;  these  twigs  pass  into  the  posterior  perforated  spot,  and  supply  the  inner 
parts  of  the  optic  thalami  and  the  walls  of  the  'third  ventricle.  The  supply  by 
these  groups  is  insignificant  as  regards  extent,  but  important  in  regard  to  position, 
on  account  of  its  proximity  to  the  ventricles,  into  which  blood,  escaping  from  one 
of  these  vessels,  may  readily  burst. 

The  lateral  groups  supply  the  chief  part  of  the  central  ganglia.  The  antero- 
lateral group  arises  from  the  middle  cerebral  near  its  origin  (in  the  first  inch  of  its 
course)  and  consists  of  a  number  of  small  arteries  which,  coming  off  at  a  right 
angle,  pass  into  the  "  anterior  perforated  space,"  and  supply  the  caudate  nucleus 
(except  its  head),  the  lenticular  nucleus,  the  internal  capsule,  and  part  of  the  optic 
thalamus.  These  arteries  are  of  great  importance,  and  may  be  divided  into  two 
sets  (Fig.  214):  an  internal  set,  the  vessels  of  which  pass  directly  through  the 
internal  segment  of  the  lenticular  nucleus  to  the  internal  capsule,  and  an  external, 
consisting  of  vessels  that  course  upward  for  a  short  distance  outside  the  lenticular 
nucleus,  and  then  pass  into  its  third  segment,  and  through  this  to  the  internal 
capsule.  The  vessels  extend  through  the  internal  capsule,  the  anterior  to  the 
caudate  nucleus  (except  its  head),  the  posterior  to  the  optic  thalamus  (except  its 


*  The  conclusions  of  Heubner  and  Duret  differ  regarding  the  anastomoses  of  the  cortical 
vessels;  the  latter  could  not  find  the  anastomoses  described  by  the  former.  The  facts  of 
pathology  are  strongly  in'  favor  of  the  view  that  anastomoses  between  the  cortical  branches 
occur  often,  but  not  invariably.  An  injection  often  passes  beyond  the  limit  of  the  distribu- 
tion of  the  artery  injected. 
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inner  and  hinder  part).  Hence  the  anterior  have  been  called  the  lenliculo-striate, 
and  the  posterior  the  lenticulo-optic  arteries.  These  vessels  are  prone  to  rupture, 
and  one  of  the  former  group,  which  runs  at  the  outer  side  of  the  lenticular  nucleus 

Fig.  214. 


Diagram  of  the  blood  supply  to  the  central  ganglia  by  the  lenticulo-striate  arteries,  external  (E)  and 
internal  (/).  Ill  V,  third  ventricle;  P  P,  pillars  of  the  fornix;  Mid.  C,  middle  cerebral  artery. 
(After  Dunt.) 

(Fig.  214)  from  its  size  and  tendency  to  give  way,  has  been  called  by  Charcot "  the 
artery  of  cerebral  hemorrhage."  The  vessels  burst  chiefly  outside  the  lenticular 
nucleus,  and  the.  hemorrhage  separates  the  nucleus  from  the  external  capsule. 


Figs.  215,  216. 


Figs.  215  and  216.— Area  of  the  cortex  on  the  outer  and  medial 
aspects,  supplied  by  the  anterior  cerebral  artery.  The  supply 
of  the  several  branches  is  indicated  by  the  dotted  lines. 

The  postero-lateral group  arises  from  the  posterior  cerebral,  after  it  has  passed 
round  the  crus,  and  supplies  the  hinder  part  of  the  optic  thalamus.  Hemorrhage 
from  the  rupture  of  these  vessels  is  apt  to  invade  the  crus  on  the  one  side  and  the 
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hinder  part  of  the  internal  capsule  on  the  other.  The  posterior  cerebral  gii 
branches  also  to  the  crus  and  to  the  corpora  quadrigemina. 

Of  the  supply  to  the  cortex  from  the  three  vessels,  that  from  the  middle  cereb 
is  the  most  extensive  and  the  most  important,  embracing,  as  it  does,  the  cent 
(motor)  convolutions.  The  general  plan  of  distribution  of  each  artery  is  the  sail 
Each  divides  into  certain  branches,  and  these  again  divide  and  ramify  ;  from  1 
branches  and  the  ultimate  ramifications  (in  the  pia  mater)  twigs  are  given  off  to  1 
cerebral  substance.  These  are  of  two  kinds,  long  and  short.  The  short  are  cortic 
supplying  only  the  gray  cortex,  in  which  they  form  a  capillary  network,  mi 
abundant  in  the  middle  layers  which  contain  the  large  nerve  cells.  The  lo 
are  medullary,  and,  passing  through  the  cortex,  penetrate  the  white  substance 
various  depths.  The  distribution  of  the  longest  reaches  the  neighborhood 
that  of  the  central  vessels,  but  the  two  do  not  blend,  and  at  the  confines  of  t 
two  areas  small  cavities  often  form  in  old  age.  The  cortical  moreover  do  r 
communicate  with  each  other,  and,  although  there  is  a  scanty  communicati 
between  the  areas  supplied  by  the  larger  trunks,  it  is  often  insufficient  to  establ 
a  collateral  circulation  if  one  is  obstructed.  Hence  the  obliteration  of  brand 
usually  (though  not  invariably)  causes  softening  limited  to  the  area  supplie 
This  is  most  extensive  on  the  surface,  and  lessens  in  extent  toward  the  cen 
of  the  brain. 

The  anterior  cerebral  curves  round  the  corpus  callosum  and  supplies  part  oft 
orbital  lobule,  the  inner  surface  as  far  as  the  quadrate  lobule,  and  the  frontal  lol 
with  the  exception  of  the  inferior  and  ascending  frontal  convolutions.  Its  ch 
branches  are  three,  and  supply  the  following  parts:  (i),  the  supra-orbital  lobi 
(as  far  as  the  orbital  sulcus)  and  the  inner  aspect  of  the  anterior  extremity  of  I 
hemisphere  ;  (2)  the  anterior  half  of  the  inner  surface,  in  front  of  the  quadn 
lobule,  also  the  first  and  second  frontal,  and  the  highest  part  of  the  ascendi 
frontal  convolution  ;  (3)  to  the  quadrate  lobule  (precuneus). 

The  middle  cerebral  divides,  opposite  the  island  of  Reil,  into  four  branch 
marked  I,  II,  III,  IV,  in  Fig.  217.  These  lie  in  the  sulci  of  the  insula,  and  thi 
passing  on  to  the  surface  of  the  hemisphere,  have  the  following  distribution  (Fi 
217  and  218) :  (1)  to  the  third  (inferior)  frontal  convolution  ;  (2)  to  the  lower  tv 
thirds  of  the  ascending  frontal  and  the  root  of  the  middle  frontal ;  (3)  to  the  wh< 
ascending  parietal,  superior  parietal  lobe,  and  adjacent  part  of  the  inferior  parie 
lobule,  often  also  to  a  small  part  of  the  ascending  frontal ;  (4)  to  the  convolutic 
about  the  posterior  limb  of  the  fissure  of  Sylvius,  Viz.,  part  of  the  inferior  parie 
lobule  (supra-marginal  and  angular  gyrus),  posterior  extremity  of  the  super 
parietal  lobule,  and  the  hinder  part  of  the  first  two  temporal  convolutions.  Fr< 
this,  near  its  origin,  one  or  two  large  branches  arise  (5)  which  supply  the  anter 
part  of  the  first  and  the  greater  part  of  the  second  temporal  convolutions.  Th< 
are  individual  variations  in  the  precise  area  supplied  by  the  branches,  and  also 
the  posterior  limit  of  the  distribution  of  the  middle  cerebral.  This  is  of  consid 
able  importance,  because  the  posterior  part  of  the  angular  gyrus  often  escapes  I 
softening  caused  by  obstruction  of  the  middle  cerebral. 

The  posterior  cerebral  supplies  the  greater  part  of  the  inferior  aspect  of  the  brs 
and  also  the  occipital  lobe,  inner  and  outer  surfaces,  by  three  branches.  The  v 
sel  divides  into  these  branches  after  winding  over  the  crus,  and  giving  off  its  cent 
branches  and  twigs  to  the  tegmentum  of  the  crus,  and  to  the  corpora  quadrigemii 
Its  branches  supply  (1)  the  lower  part  of  the  uncinate  convolution  ;  (2)  the  infer 
part  of  the  temporal  lobe  ;  (3)  the  cuneus,  lingual  convolution  (i.  e.,  the  poster 
part  of  the  uncinate  gyrus  beneath  the  calcarine  fissure),  and  also  the  outer  surfs 
of  the  occipital  lobe. 
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Thus  the  middle  cerebral  supplies  the  chief  part  of  the  motor  convolutions  and 
the  motor  central  structures,  as  well  as  the  cortical  auditory  centre,  and  the  greater 
part  of  the  angular  region.  The  posterior  cerebral  supplies  the  optic  ganglia  (optic 
thalamus  and  corpora  quadrigemina  and  geniculata),  and  in  the  cortex  the  visual 
region  in  the  occipital  lobe. 

The  blood  supply  to  the  pons,  medulla  oblongata,  and  cerebellum,  is  derived 


Fir.  217. 


Course  of  the  branches  of  the  middle  cerebral  artery. 

from  the  vertebrals  and  basilar.  The  arrangement  of  the  supply  to  the  medulla 
and  pons  is  very  important  on  account  of  the  centres  which  are  here  so  closely 
'grouped  together. 

It  will  be  remembered  that  each  vertebral,  before  it  joins  its  fellow  to  form  the 
basilar,  gives  off  an  inferior  cerebellar  artery  and  an  anterior  spinal  artery.  From 
all  these  vessels  small  branches  enter  the  pons  and  medulla.     The  cerebellum  is 


Fig.  218. 
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Area  of  distribution  of  the  branches  of  the  middle  cerebral  artery. 


nourished,  not  only  by  the  inferior  cerebellar  from  the  vertebral,  and  superior 
cerebellar  from  the  anterior  extremity  of  the  basilar,  but  also  by  a  large  branch,  the 
middle  cerebellar  artery,  which  comes  off  from  the  basilar,  about  the  middle  of  its 
course,  and  passes  outward  over  the  pons  and  middle  cerebellar  peduncle. 

The  arterioles  for  the  pons  and  medulla  consist  of  two  sets.     (1)  A  series  of 
medial  vessels  enter  near  the  middle  line  in  front,  and  pass  directly  back,  close  to 
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the  raphe,  to  the  nerve  nuclei,  which  receive  from  these  arteries  the  chief  part  of 
their  blood  supply;  (2)  lateral  or  radicular  vessels  pass  to  the  nerve  roots,  and 
on  each  root  an  artery  divides  into  a  descending  branch,  which  extends  along  the 
nerve,  and  an  ascending  branch,  which  enters  the  medulla  with  the  nerve  fibres, 
and  accompanies  them  as  far  as  their  nucleus,  giving  off  branches  as  it  proceeds. 
But  the  blood  supply  to  the  nucleus  derived  from  the  radicular  branch  is  far  less 
than  that  from  the  median.  The  vertebral  supplies  the  radicular  branches  to  all 
the  bulbar  nerves,  except  a  branch  to  the  spinal  accessory  nerves  which  comes 
from  the  inferior  cerebellar,  and  to  the  hypoglossal,  from  the  anterior  spinal 
artery.  The  branches  to  the  facial  and  auditory  nerves  may  come  from  the 
vertebral  or  basilar,  or  both.  All  the  other  radicular  branches  are  derived  from 
the  basilar,  but  the  middle  cerebellar  artery  sometimes  gives  branches  to  the 
auditory  and  fifth  nerves. 


Figs,  zrg,  220. 


Figs.  219  and  220. —Area  of  the  cortex  supplied  by  the  branches 
(I  II  III)  of  the  posterior  cerebral  artery. 


The  median  branches  form  a  continuous  series,  but  are  divided  by  Duret  into 
four  sets,  termed,  from  their  position,  bulbar,  sub-pontine  (at  the  lower  edge  of  the 
pons),  medio-pontine  (along  the  pons),  and  supra-pontine  (at  the  upper  edge  of  the 
pons).  The  lower  bulbar  branches  come  from  the  anterior  spinal,  and  supply  the 
nuclei  below  the  calamus  scriptorius— the  hypoglossal  and  accessory.  The  sub- 
pontine,  from  the  basilar,  supply  the  pneumogastric,  glossopharyngeal,  and 
auditory  nuclei,  while  the  medio-pontine  and  supra-pontine  branches  supply  the 
nuclei  in  the  upper  half  of  the  floor  of  the  fourth  ventricle,  as  well  as  the  sixth. 
The  anastomoses  of  these  vessels  are  unimportant. 

It  is  necessary  to  remember  that  the  larger  trunks  about  the  medulla  present 
frequent  variations,  which  entail  corresponding  variations  in  the  origin  of  the 
nutrient  arteries.    The  left  vertebral  is  usually  larger  than  the  right,  and  the  latter 
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may  be  very  small,  so  that  the  basilar  is  practically  a  continuation  of  the  left  ver- 
tebral only.  There  is  usually  only  one  anterior  spinal  artery,  arising  from  both 
vertebrals,  or  arising  from  the  left  only.  If  there  are  two,  they  usually  communi- 
cate, but  the  left  occupies  the  medial  furrow  and  furnishes  the  median  nutrient 
arteries.  These  variations  explain  why  obstruction  of  one  vertebral  sometimes 
affects  the  nuclei  on  one  side,  sometimes  on  both,  and  sometimes  on  neither. 

Branches  to  the  olivary  body  and  anterior  pyramids  come  from  the  vertebral  or 
anterior  spinal ;  those  to  the  restiform  body  arise  from  the  inferior  cerebellar,  and 
this  also  gives  off  the  posterior  spinal  arteries,  from  which  branches  pass  to  the 
posterior  pyramids  and  to  the  upper  part  of  the  central  canal,  chiefly  at  the  level 
of  the  decussation  of  the  pyramids. 

The  chief  cerebellar  arteries  are  (i)  the  posterior  from  the  vertebral  (sometimes 
from  the  basilar)  which  winds  round  the  medulla  between  the  hypoglossal  and 
pneumogastric  nerves,  and,  after  giving  origin  to  the  posterior  spinal  and  branches 
to  the  choroid  plexus  of  the  fourth  ventricle,  supplies  the  inferior  vermiform  pro- 
cess and  the  posterior  region  of  the  hemisphere ;  (2)  the  median  (Buret)  which 
leaves  the  basilar  at  the  middle  of  the  pons  and  passes  outward  over  the  middle 
peduncle  of  the  cerebellum  to  ramify  on  the  under  surface  ;  (3)  the  superior  cere- 
bellar, arising  from  the  basilar  close  to  its  bifurcation,  curves  round  the  pons,  and 
supplies  the  anterior  and  upper  parts  of  the  hemisphere.  These  cerebellar  arteries 
communicate  with  each  other,  and  the  superior  is  often  connected  by  one  or  more 
twigs  with  the  posterior  cerebral. 

Venous  Circulation. — The  veins  of  the  convexity  of  the  hemisphere,  and  of 
its  inner  surface,  ascend  and  open  in  a  forward  direction  into  the  superior  longitu- 
dinal sinus.  One  of  the  veins  of  the  convexity  courses  at  first  along  the  fissure 
of  Sylvius,  and  afterward  ascends  across  the  hemisphere :  it  has  been  termed  the 
"  Sylvian  vein  "  by  Duret.  The  course  of  the  surface  veins  is  important  because 
it  helps  to  explain  the  frequency  with  which  clots  form  within  them.  Elsewhere 
the  blood  from  ascending  arteries  passes  into  descending  veins,  so  that  the  feeble 
pressure  through  the  capillaries  is  supplemented  by  the  influence  of  gravitation. 
Elsewhere  ascending  veins  convey  blood  that  has  been  brought  by  descending 
arteries,  and  the  venous  pressure  is  aided  by  the  "hydrostatic  pressure,"  which 
tends  to  make  the  blood  rise  in  the  veins  to  the  level  of  the  heart.  But  on  the 
brain,  blood  from  ascending  arteries  passes  into  ascending  veins.  The  openings 
of  these  veins  into  the  longitudinal  sinus  being  directed  forward,  the  entering 
blood  is  opposed  in  direction  to  the  current  in  the  sinus,  and  the  effect  must  be  to 
retard  the  flow  in  both  veins  and  sinus.  Moreover,  in  the  erect  posture,  the 
anterior  part  of  the  longitudinal  sinus  has  also  an  ascending  course,  while  the 
trabeculae  that  occupy  the  lumen  of  the  sinus  must  offer  some  hindrance  to  the 
movement  of  the  blood.  These  circumstances  help  us  to  understand  the  readiness 
with  which  clots  form  in  the  cortical  veins  and  longitudinal  sinus,  when  other 
circumstances  favor  the  coagulation  of  the  blood.  Indeed,  the  marvel  is  that 
thrombosis  is  not  more  common  than  it  is. 

The  veins  of  the  inferior  surface  of  the  brain  enter— the  anterior  the  cavernous 
sinus,  the  middle  the  petrosal  sinuses,  the  posterior  the  lateral  sinus.  The  veins 
of  Galen,  from  the  ventricles,  receive  not  only  the  blood  from  the  ventricular  walls 
and  choroid  plexuses,  but  also  from  the  corpus  callosum.  The  veins  of  the  upper 
surface  of  the  cerebellum  open  into  the  veins  of  Galen  or  the  straight  sinus  in 
which  the  veins  of  Galen  end.  Those  of  the  inferior  surface  open — the  posterior 
into  the  lateral  sinus,  and  the  anterior  into  the  occipital  sinuses.     The  individual 
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veins  have  not,  as  a  rule,  free  communications  with  those  adjacent,  although 
differences  exist  in  this  respect.  But  the  system  of  the  convexity  (superior  longi- 
tudinal sinus)  has  three  important  communications.  A  large  vein  always  passes 
from  the  Sylvian  vein  to  the  superior  petrosal  sinus  (Trolard),  and  another,  at  the 
base,  connects  the  commencement  of  the  Sylvian  vein  with  the  basilar  vein,  and 
thus  with  the  straight  sinus.  The  vein  of  the  corpus  callosum  (going  to  the  veins 
of  Galen)  often  communicates  freely  with  the  veins  on  the  inner  surface  of  the 
hemisphere,  which  go  to  the  superior  longitudinal  sinus.  The  communications 
between  the  various  sinuses,  with  the  exception  of  the  superior  longitudinal,  are 
free.  Thus  the  two  cavernous  sinuses  are  connected  by  the  circular  sinus  around 
the  pituitary  body,  and  each  cavernous  sinus  has  a  double  communication  (by  the 
two  petrosal  sinuses)  with  the  lateral  sinus  and  jugular  vein,  while  the  two  inferior 
petrosal  sinuses  are  connected  by  the  "  transverse  sinus  ''  across  the  basilar  process 
of  the  occipital  bone.  The  cavernous  sinus  receives  the  ophthalmic  vein,  the 
superior  petrosal  sinus  receives  veins  from  the  internal  ear,  and  into  the  lateral 
sinus  some  mastoid  veins  open.  The  occipital  sinus  receives  the  spinal  veins,  and 
many  sinuses  receive  veins  from  the  diploe  of  the  skull. 

There  exist  certain  communications  between  the  cerebral  sinuses  and  veins 
outside  the  skull.  The  following  are  the  chief.  Veins  from  the  nose  enter  the 
anterior  extremity  of  the  superior  longitudinal  sinus.  The  ophthalmic  vein  (cavern- 
ous sinus)  communicates  freely  with  the  facial  vein.  By  the  veins  of  the  mastoid 
cells  the  occipital  vein  communicates  with  the  lateral  sinus.  Moreover,  small 
"emissary''  veins  pass  through  minute  foramina  in  the  cranium  and  connect 
certain  sinuses  with  external  veins.  The  most  important  of  these  are  between  the 
superior  longitudinal  sinus  and  the  veins  of  the  scalp,  between  the  cavernous 
sinus  and  the  pterygoid  plexus  of  the  internal  maxillary  vein,  between  the  inferior 
petrosal  sinus  and  the  deep  veins  of  the  neck.  A  further  communication,  very 
variable  in  degree,  is  established  by  the  veins  of  the  diploe.  Lastly,  the  spinal 
system,  which  has  free  external  communication,  is  connected  by  six  veins  with  the 
sinus  system  of  the  brain.  The  cerebral  veins  and  sinuses  have  no  valves.  These 
facts  are  important  in  regard  to  the  external  signs  of  thrombosis  in  the  sinuses 
within  the  skull. 

SECONDARY  DEGENERATION  IN  THE  BRAIN. 
We  have  already  seen  that  some  tracts  of  fibres  in  the  brain  undergo  de- 
generation after  a  lesion  in  their  course  or  in  the  gray  matter  from  which 
they  spring.  In  the  latter  case  the  whole  length  of  the  fibre  degenerates,  in 
the  former  only  that  portion  which  lies  on  the  distal  side  of  the  lesion,-  /.  e., 
on  the  side  farthest  from  the  nerve  cell  which  gives  origin  to  the  fibre.  This 
secondary  degeneration  proceeds  until  the  fibres  are  again  interrupted  by 
gray  matter,  and  there  it  ceases.  The  nature  of  secondary  degeneration 
was  considered  on  page  60,  where  we  saw  that  the  axis  cylinder  of  each  nerve 
fibre  must  be  regarded  as  the  prolonged  process  of  a  nerve  cell,  depending 
on  that  nerve  cell  for  its  nutritional  integrity,  and  that  the  nerve  fibre  there- 
fore undergoes  degeneration  when  the  cell  is  destroyed  or  the  fibre  is  cut 
off  from  the  cell.  As  a  general  rule  the  direction  in  which  a  fibre  degener- 
ates is  that  in  which  it  conducts;  that  is,  the  cell  on  which  the  nutrition  of  the 
fibre  depends,  the  cell  of  which  it  is  the  prolonged  process,  is  the  cell  from 
which  the  nerve  impulses  originate  that  traverse  the  fibre,  or,  in  other  words,. 
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it  is  this  cell  only  which  excites  the  functional  activity  of  the  fibre.  But 
this  rule  of  the  identity  of  the  direction  of  conduction  and  degeneration 
does  not  seem  to  be  true  of  all  nerve  fibres.  As  far  as  is  yet  known,  it  is 
true  of  all  motor  fibres,  but  there  is  a  conspicuous  exception  to  it  in  the  case 
of  the  fibres  of  the  peripheral  sensory  nerves.  These  conduct  centripetally, 
but  degenerate  centrifugally  from  the  ganglion  on  the  posterior  root.  Above 
the  ganglion  they  conform  to  the  general  law.  In  the  central  nervous  system 
we  may  take  the  direction  of  degeneration  as  presumptive  but  not  as  absolute 
proof  of  the  direction  of  conduction.  It  is  doubtful  whether  all  nerve  fibres 
undergo  secondary  degeneration.  The  fibres  of  the  corpus  callosum  appar- 
ently do  not.  Possibly  some  fibres  pass  between  two  nerve  cells,  and  are  so 
related  to  both  (connecting,  for  instance,  undivided  processes)  that  either 
cell  is  able  to  maintain  the  nutrition  of  the  fibre. 


Fig.  : 


Fig. 


Fig.  221. Lesion  of  the  upper  part  of  the  central  convolutions,  causing  descending  degener- 
ation of  the  pyramidal  tract  in  the  crus  and  the  anterior  pyramid  of  the  medulla.  (After 
BHssaud.)  .     .  .  .  ,  .,  .     . 

Fig.  222.— Partial  disease  of  the  central  convolutions,  causing  partial  degeneration  ol  the 
pyramidal  fibres  in  the  crus  and  medulla.  More  degenerated  fibres  come  to  the  surface 
near  the  pons  than  near  the  tract. 

The  most  important  and  extensive  secondary  degeneration  is  that  of  the 
fibres  of  the  pyramidal  tracts,  proceeding  from  the  central  convolutions. 
The  course  of  these  fibres  has  been  already  fully  described  (p.  468).  The 
lesion  causing  their  degeneration  may  be  in  the  cortex,  or  anywhere  in  the 
course  of  the  fibres.  If  it  is  above  the  crus,  the  degeneration  appears  at  the 
under  surface  of  the  crus,  in  its  middle  two-fifths  (Fig.  221),  and  is  wider 
above,  near  the  optic  tract,  than  below,  near  the  pons,  where  the  pyramidal 
fibres  are  overlapped  by  those  on  each  side.  The  pons  is  reduced  in  size  on 
the  side  of  the  degeneration,  and  the  anterior  pyramid  of  the  medulla  is 
small  and  gray.  To  cause  extensive  degeneration  of  these  tracts,  a  lesion 
of  the  cortex  must  be  also  extensive,  such  as  that  shown  in  Fig.  221.  A 
smaller  lesion  (Fig.  222)  causes  partial  degeneration,  some  fibres  are  involved 
and  others  escape. 


504  BRAIN. 

A  lesion  within  the  pons  causes  degeneration  only  of  the  fibres  below  the 
lesion,  as  in  the  case  shown  in  Fig.  229.  The  effects  of  the  area  of  softening 
in  the  crustal  half  of  the  pons,  shown  in  Fig.  223,  present  a  good  illustra- 
tion of  the  downward  course  of  the  degeneration  through  the  medulla  and 
the  decussation  of  the  pyramids.  In  Fig.  B  the  degenerated  bundles  of  the 
pyramidal  tract  are  separate,  but  in  C  and  D  they  are  united  in  the  anterior 
pyramid,  which  is  completely  degenerated.  The  passage  of  the  degener- 
ated fibres  through  the  decussation  of  the  pyramids  is  shown  in  F  and  G ; 
in  the  latter  most  of  them  have  reached  the  opposite  lateral  column  of  the 
cord,  and  occupy  the  position  of  the  lateral  pyramidal  tract,  while  the 
degeneration  in  the  anterior  column  is  reduced  almost  to  the  small  dimen- 
sions which  it  presents  in  the  lowest  figure  (of  the  cord).  The  descending 
changes  in  the  spinal  cord  have  been  described  on  page  129,  and  are 
shown  in  Fig.  224. 

In  some  cases  of  disease  of  the  motor  path  in  one  hemisphere,  there  is  a 
double  degeneration  in  the  cord,  a  slight  degeneration  in  the  lateral  pyra- 
midal fibres  on  the  side  of  the  cerebral  lesion,  as  well  as  considerable 
degeneration  in  the  lateral  tract  of  the  opposite  side.  Attention  has  been 
called  to  the  frequency  of  this  double  degeneration  by  Pitres.*  An  exam- 
ple of  it  is  shown  in  Fig.  225.  It  is,  perhaps,  related  to  the  double  repre- 
sentation of  the  leg  in  both  hemispheres  of  the  brain,  which  will  be  men- 
tioned in  the  account  of  the  symptoms  of  brain  disease.  It  is  not  present, 
however,  in  all  cases. 

Another  frequent  secondary  degeneration  is  that  of  the  fibres  which  course 
from  the  pre-frontal  lobe  of  the  brain  (in  front  of  the  central  convolutions) 
trfrough  the  anterior  limb  of  the  internal  capsule,  and  the  inner  part  of  the 
crusta  of  the  cerebral  peduncle  to  the  gray  matter  of  the  pons.  In  the  pons 
their  degeneration  ceases,  but  the  evidence  that  they  are  connected,  through 
this  gray  matter,  with  the  cerebellum  is  very  strong  (see  p.  470).  Hence 
they  are  termed  the  fronto-cerebellar  fibres  (F  C,  Fig.  226).  Their  degen- 
eration is  visible  in  the  most  internal  portion  of  the  crus,  and  may  be  pro- 
duced by  disease  either  of  the  frontal  lobe  in  front  of  the  ascending  frontal 
convolution  (see  Fig.  226)  or  of  the  anterior  limb  of  the  internal  capsule 
(Fig.  227). 

Degeneration  of  the  most  external  fibres  of  the  crusta,  those  that  pass 
between  the  gray  matter  of  the  pons  and  the  temporal  and  occipital  lobes, 
has  been  met  with  in  rare  cases.  It  has  been  caused  by  extensive  damage 
to  the  cortex  (Betcherew)  or  by  a  lesion  in  the  vicinity  of  the  hindmost  fibres 
of  the  internal  capsule,  as  in  the  case  shown  in  Fig.  228.  It  is  not  the  dis- 
ease of  the  capsule  itself  which  causes  the  degeneration,  for  the  fibres  that 
run  in  this  part  of  the  capsule  proceed  from  the  tegmentum  (p.  472),  and 
probably  degenerate,  as  they  certainly  conduct,  upward.  The  degeneration 
is  due  to  the  damage  to  the  adjacent  fibres,  which,  as  they  leave  the  crus,  do 


See  also  Hadden  and  Sherrington,  Brain,  1886. 
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Fig.  224. 
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Fig.  223. — Softening  in  the  left  side  of  the  pons  in 
the  crustal  portion  (A),  and  near  the  nucleus  of 
the  fifth  nerve  (B  jv).  The  other  figures  repre- 
sent sections  through  various  parts  of  the  me- 
dulla and  decussation  of  the  pyramids  ;  the  last 
is  of  the  spinal  cord.  L  Py,  R  Py,  left  and  right 
pyramidaltract ;  L  F,  RF,  left  and  right  fillet ; 
Deep  Tr,  Sup  Trt  deep  and  superficial  trans- 
verse fibres  of  the  pons  ;  V  mo,  V  asct  motor 
nucleus  and  ascending  root  of  the  fifth  nerve  ; 
Au  d,  Au  j,  deep  and  superficial  roots  of  the 
auditory  nerve;  Au  e,  t,  a,  its  external,  internal 
and  anterior  nuclei ;  Rest,  restiform  body;  L  A 
u\ri  P.R  A  P,  Left  and  right  anterior  pyramid  ;  D  d, 

degenerated  (left),  N d,  not  degenerated  (right)  pyramidal  fibres  at  the  decussation  of  the  pyramids  ;  L  A 

P  T,  left  ant.  pyr.  tract ;  R  LP  T,  right  lateral  pyr.  tract ;   a  c,  anterior  cornu;  y,  slight  degeneration  in 

the  anterior  part  of  the  lateral  column. 
Fig.  224. — Degeneration  of  the  right  anterior  and  left  lateral  pyramidal  tracts  in  the  spinal  cord,  consequent 

on  a  lesion  in  the  right  hemisphere  of  the  brain,  causing  left  hemiplegia. 
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not  enter  the  capsule,  but  pass  close  by  it,  to  radiate  to  the  temporal  and 
occipital  cortex. 

The  transverse  fibres  of  the  pons  are  said  to  degenerate  when  interrupted 
by  a  lesion  in  their  course.     Of  adjacent  fibres,  some  seem  to  degenerate  in 


Fig. 


Fig.  226. 


Fig.  227. 


Fig.  225. — Bilateral  degeneration  of  the  pyramidal  tracts  secondary  to  a  lesion  in  the  right  hemisphere. 

{From  sections  by  Prof  .  Pitres.) 
Fig.  226. — Area  of  disease  of  the  right  pre-frontal  lobe,  causing  partial  degeneration  of  the  inner  fibres  ot 

the  crusta. 
Fig.  227. — Lesion  of  the  lenticular  nucleus  and  of  both  limbs  of  the  capsule,  causing  partial  degeneration  ot 

the  inner  and  pyramidal  fibres  of  the  crusta. 


Fig.  228. 


Fig.  229. 


Fig.  228.— Disease  ot  the  posterior  part  of  the  capsule,  damaging  also  the  adjacent  fibres  from  the  outer 
part  of  the  crusta,  which  have  undergone  secondary  degeneration.    {After  Brissaud.) 

Fig.  229. — A  lesion  (S)  of  the  pons,  causing  secondary  degeneration  of  the  transverse  fibres  (-DD)  and  ot 
the  anterior  pyramid  of  the  medulla. 

one  direction,  and  other  fibres  in  the  opposite  direction,  so  that  the  degen- 
eration extends  on  each  side  of  the  lesion,  as  in  Fig.  229.  In  the  case 
shown  in  Fig.  223  such  degeneration  could  not  be  distinctly  traced. 
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The  above  are  the  chief  secondary  degenerations  that  are  of  medical 
significance.  Some  other  degenerations  have  been  met  with,  such,  for 
instance,  as  that  of  the  fillet,  but  they  are  not  yet  of  sufficient  importance  to 
warrant  their  detailed  description. 


THE  SYMPTOMS  OF  BRAIN  DISEASE. 

The  symptoms  produced  by  diseases  of  the  brain  are,  for  the  most  part, 
the  same  in  character,  whatever  be  the  morbid  process  that  causes  them. 
They  depend  on  the  seat  of  the  disease,  and  on  the  nature  of  the  change 
that  the  nerve  elements  undergo,  rather  than  on  the  pathological  character 
of  the  primary  lesion.  In  most  diseases  that  we  term  "organic,"  the 
primary  morbid  process  is  outside  the  nerve  elements  themselves ;  the 
changes  these  elements  undergo  are  secondary,  and  are  few  in  kind,  while 
the  diseases  by  which  they  are  produced  are  numerous.  In  the  maladies 
that  we  term  "functional"  (which  are  better  conceived  as  "nutritional," 
see  p.  26),  there  is  no  lesion  outside  the  nerve  elements;  the  change  which 
these  undergo,  and  on  which  the  symptoms  immediately  depend,  is  primary. 
This  is  probably  the  case  also  in  the  degenerations  of  the  brain,  although 
the  changes  in  the  nerve  elements,  and  those  in  the  interstitial  tissue,  often 
seem  to  occur  almost  at  the  same  time. 

The  symptoms  of  disease  are  the  manifestations  of  disturbance  of  function, 
objective  and  recognizable  by  another  person,  or  subjective  and  perceived 
only  by  the  sufferer  himself.  The  disturbance  of  function  is  of  two  kinds : 
(1)  a  diminution  of  action,  which  may  present  every  degree,  down  to 
abolition,  and  (2)  an  increase  of  action.  These  two  effects  are  often  com- 
bined. Disease  may  lessen  the  possible  amount  of  functional  action,  and 
yet  render  that  which  remains  too  readily  excited.  This  is  the  "  irritable 
weakness  "  of  old  writers.  The  increase  of  action  caused  by  disease  is  com- 
monly called  "irritation."  But  irritation  sometimes  lessens  function  by 
the  process  that  physiologists  term  "inhibition."  Thus  loss  of  function 
may  be  due  to  structural  damage  or  to  irritation  ;  from  the  latter  the  loss  is 
transient,  from  the  former  it  is  permanent. 

Structural  damage  to  the  nerve  elements  is  produced  in  various  ways  by 
organic  disease  of  the  brain.  The  following  are  the  most  important  mechan- 
isms :  (1)  Mechanical  interruption  or  destruction,  as  when  nerve  fibres  are 
torn  across,  or  nerve  cells  are  separated,  by  an  extravasation  of  blood.  This 
involves,  of  necessity,  entire  abolition  of  function ;  (2)  mechanical  com- 
pression, which  may  be  sudden  or  slow  in  its  production,  and  varies  in  its 
influence  on  function  according  to  its  rapidity.  Very  slight  compression, 
if  suddenly  or  rapidly  induced,  arrests  function  ;  on  the  other  hand,  a  con- 
siderable amount  of  pressure  produces  little  or  no  effect,  if  it  be  very  slowly 
induced.     We  do  not  know  whether  pressure  acts  on  function  by  a  mechan- 
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ical  influence  on  the  nerve  elements,  or  by  an  arrest  of  the  blood  supply, 
due  to  compression  of  the  capillaries.  The  difference  between  the  effect  of 
slow  and  sudden  pressure  suggests  that  its  influence  on  the  nerve  elements  is 
direct,  since  the  effect  on  the  capillaries  must  be  the  same  in  each  case. 
Pressure  does  more  than  arrest  function  ;  it  causes  structural  disintegration 
of  nerve  elements,  and  this  also  is  greater  when  the  pressure  is  rapidly  pro- 
duced.. (3)  Arrest  of  the  blood  supply  causes  arrest  of  function,  and  dimi- 
nution of  the  blood  supply  causes  impairment  of  function.  Here  also  we 
may  trace  a  relation  to  rapidity  of  production,  although  slighter  than  in  the 
case  of  pressure,  and  perhaps  due  to  the  fact  that  slow  obstruction  gives 
time  for  the  establishment  of  a  collateral  circulation.  The  immediate  arrest 
of  function  that  follows  a  sudden  arrest  of  blood  supply  is  very  remarkable. 
If  the  heart  fails,  for  instance,  consciousness  is  instantly  lost.  It  is  probable 
that  the  influence  is  in  part  mechanical,  due  to  the  sudden  diminution  in 
the  pressure  to  which  the  nerve  elements  are  normally  exposed.  It  is  prob- 
able, therefore,  that  a  decrease,  as  well  as  an  increase,  of  pressure  inter- 
feres with  function.  (4)  Inflammation — which,  in  the  brain  as  in  other 
tissues,  involves  the  interstitial  tissue  and  the  proper  elements  of  the  part, 
as  well  as  the  blood  vessels.  (5)  Molecular  disintegration  or  wasting  of  the 
nerve  elements.  This  constitutes  the  primary  and  chief  element  in  many 
degenerative  processes,  in  which  it  is  associated  with  changes  in  the  inter- 
stitial tissue.  It  occurs  also,  in  rapid  form,  in  consequence  of  many  of  the 
other  morbid  processes  above  described. 

Some  symptoms,  such  as  local  paralysis,  are  due  to  and  indicate  inter- 
ference with  the  function  of  a  definite  part  of  the  brain.  They  are  often 
termed  focal  symptoms.  Other  symptoms,  such  as  loss  of  consciousness  or 
delirium,  indicate  a  widespread  interference  with  function,  and  are  called 
diffuse.  The  distinction,  although  useful,  must  not  be  conceived  as  absolute. 
Some  symptoms  may  be  at  one  time  diffuse,  at  another  focal.  The  same 
terms  are  also  applied  to  the  morbid  processes,  but  the  two  applications  do 
not  altogether  correspond.  Diffuse  processes  may  cause  focal  symptoms,  as 
When  hemiplegia  results  from  an  inflammation  extending  over  the  whole  of 
one  hemisphere.  On  the  other  hand,  a  focal  lesion  may  cause  a  diffuse 
symptom,  as  when  a  small  hemorrhage  produces  loss  of  consciousness. 

It  is  necessary,  in  the  first  place,  to  describe  the  characters  of  the  several 
symptoms  of  organic  disease  of  the  brain.  Some  of  these  symptoms  consist 
of  disturbance  of  the  functions  of  the  cranial  nerves,  and  it  will  be  convenint 
to  describe  them  in  connection  with  the  diseases  of  those  nerves,  before  we 
consider  the  general  rules  of  diagnosis  and  the  special  diseases  of  the  brain. 

MOTOR  SYMPTOMS.  . 
Motor  Paralysis — Hemiplegia. — Loss  of  voluntary  power  over  the 
muscles  is  one  of  the  most  frequent  and  important  effects  of  brain  disease. 
A  distinction  is  often  drawn  between  complete  and  partial  loss  of  power, 
and  the  former  is  termed  "  paralysis,"  the  latter  "  paresis."  The  two  differ 
only  in  degree,  and  the  term  "paralysis"   is  also  applied  to  all  grades  o£_ 
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deficiency.  The  loss  is  due  to  interference  with  the  motor  centres  or  the 
motor  path,  which,  as  we  have  seen,  passes  from  the  central  convolutions 
down  through  the  centrum  ovale,  the  internal  capsule,  the  crusta  of  the  cere- 
bral peduncle  and  the  corresponding  region  of  the  pons,  to  the  anterior 
pyramid  of  the  medulla.  The  disease  that  causes  paralysis  may  be  situated 
in  any  one  of  these  regions.  Disease  elsewhere  does  not  cause  loss  of 
motor  power,  unless  it  exerts  pressure  on  the  motor  tracts.  The  paths  from 
the  two  sides  are  near  together  in  the  pons,  and  still  nearer  in  the  medulla ; 
hence  a  lesion  in  either  of  these  situations  may  paralyze  both  sides  of  the 
body.  Even  in  the  pons,  however,  a  single  lesion  often  affects  one  side 
only,  while  in  the  crura  the  paths  diverge,  and  both  suffer  only  when  they 
are  damaged  by  a  large  tumor.  In  the  cerebral  hemispheres  a  single  lesion 
always  affects  only  one  motor  path.  The  unilateral  paralysis  that  results 
from  disease  of  the  tract  on  one  side  is  termed  "hemiplegia."  The  paths 
decussate  in  the  medulla,  and  therefore  the  limbs  are  paralyzed  on  the  side 
opposite  to  the  lesion  in  the  brain.  In  the  pons  the  motor  paths,  before 
crossing  the  middle  line  to  the  hypoglossal  and  facial  nuclei,  are  associated 
with  the  path  from  the  limbs,  and  hence  a  lesion  anywhere  above  the  middle 
of  the  pons  usually  causes  also  paralysis  of  the  face  and  tongue,  which  is 
on  the  same  side  as  the  palsy  of  the  limbs.  The  motor  fibres  diverge  in  the 
internal  capsule,  and  still  more  as  they  pass  through  the  white  substance  to 
the  cortex,  where,  as  we  have  seen,  are  centres,  to  some  extent  separate,  for 
the  leg,  arm,  face  and  tongue.  Hence  lesions  of  the  cortex;  or  of  the 
white  substance  just  beneath  it,  may  paralyze  one  of  these  parts  without  the 
others ;  but  such  partial  palsy  seldom  results  from  a  lesion  in  the  internal 
capsule,  because,  to  have  so  limited  an  action,  a  lesion  there  must  be 
minute. 

To  the  rule  that  the  paralysis  is  on  the  side  opposite  to  the  cerebral 
lesion,  apparent  exceptions  have  been  met  with,  in  which  hemiplegia  was  on 
the  same  side  as  the  lesion.  Morgagni  suggested  that  in  these  cases  the 
ordinary  decussation  of  the  motor  tracts  does  not  occur,  and  the  discovery 
by  Flechsig  that  there  are  great  variations  in  the  decussation  of  the  pyra- 
mids in  the  medulla,  has  been  regarded  as  confirming  the  hypothesis  of 
Morgagni.  But  there  is  strong  reason  to  believe  that  when  the  paths  do  not 
decussate  in  the  medulla  they  cross  lower  down  the  spinal  cord,  and,  if  so, 
this  explanation  falls  to  the  ground.  Much  more  frequent  than  hemiplegia 
on  the  same  side  as  the  lesion,  is  hemiplegia  without  any  discoverable  lesion 
to  account  for  it.  The  nature  of  these  cases  is  mysterious,  but  most 
pathologists  have  met  with  instances.  In  the  cases  in  which  the  paralysis  is 
on  the  same  side  as  the  lesion  it  is  probable  that  undiscovered  disease  existed 
in  the  other  side  of  the  brain.  It  is  in  harmony  with  this  explanation  that 
most  of  the  instances  of  paralysis  on  the  same  side  as  the  lesion  were  observed 
before  the  advance  in  brain  pathology  that  has  occurred  during  the  last 
generation. 

In  a  case  of  severe  "complete"  hemiplegia,  the  arm  and  leg  are  power- 
less; the  face  is  paralyzed,  chiefly  in  the   lower  part,  and  moves  almost  as 
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well  in  the  upper  part  as  on  the  unparalyzed  side ;  the  tongue,  when  pro- 
truded, deviates  toward  the  paralyzed  side,  being  pushed  over  by  the  oppo- 
site unopposed  genio-hyo-glossus.  But  the  muscles  of  mastication  contract 
equally  in  ordinary  action,  and  the  two  sides  of  the  thorax  move  equally 
in  ordinary  respiration.  Some  of  the  trunk  muscles  may  be  weakened ; 
the  patient  cannot  sit  up.  If  he  takes  a  deep  breath,  and  brings  into 
action  the  extraordinary  muscles  of  respiration,  the  half  of  the  thorax  on  the 
paralyzed  side  often  expands  less  than  the  other.  Thus  some  muscles  are 
completely  paralyzed,  others  are  merely  weakened,  others  are  apparently 
unaffected.  This  difference  in  the  condition  of  the  muscles  becomes  greater 
after  the  lapse  of  a  few  months.  Even  when  the  motor  path  in  one  hemi- 
sphere is  completely  interrupted  by  the  disease,  and  the  interruption  is 
permanent,  the  muscles  that  were  merely  weakened  improve  in  strength,  and 
in  some  others,  that  were  at  first  totally  paralyzed,  a  certain  amount  of  vol- 
untary power  returns.  Some  movement  of  the  leg  returns,  especially  at  the 
hip  and  knee  joints  ;  in  the  arm  the  shoulder  joint  can  be  moved  a  little, 
and  often  also  the  elbow,  although  the  hand  may  remain  motionless.  Such 
recovery,  the  lesion  persisting,  occurs  to  some  extent  at  all  ages,  but  much 
more  readily  in  the  young  than  in  the  old.  In  children  the  recovery  of  the  leg  is 
so  great  that  in  time  there  is  ability  to  walk  long  distances,  in  spite  of  the 
destruction  of  the  motor  path.  In  adults  the  palsy  of  the  hand  may  remain 
almost  absolute ;  often,  however,  slight  power  of  flexing  the  fingers  returns, 
and  in  children  some  recovery  of  movement  in  the  hand  is  invariable,  and 
it  may  ultimately  be  considerable.* 

This  difference  in  the  initial  palsy,  and  the  return  of  power  in  certain 
muscles,  are  both  explained  by  an  hypothesis  first  stated  (in  a  somewhat 
different  form)  by  Broadbent.  Some  muscles  of  the  body,  as  the  intercos- 
tals  and  masseters,  are  used  only  with  their  fellows  of  the  opposite  side ; 
others  are  often  used  with  their  fellows,  but  often  also  alone,  as  the  zygo- 
matici,  the  trapezii,  and  the  leg  muscles ;  others  are  chiefly  used  alone,  as 
the  muscles  of  the  hand.  Movements  are  represented  exclusively  in  the 
opposite  hemisphere  in  proportion  as  they  are  unilateral,  in  both  hemi- 
spheres in  proportion  as  they  are  bilateral.  In  other  words,  either  hemi- 
sphere can  excite  the  bilateral  •movements,  but  only  the  opposite  hemisphere 
can  excite  the  unilateral  movements.  The  muscles  that  are  sometimes  used 
with  their  fellows  of  the  opposite  side  and  sometimes  alone,  which  recover 
partially  with  a  persistent  lesion,  are  connected  with  both  hemispheres,  but 
are  habitually  excited  from  the  opposite  hemisphere  ;  they  recover  some 
power  because  the  hemisphere  on  the  same  side  gains  the  influence  over 
them  for  which  structural  arrangements  previously  existed,  but  had  not  been 
used. 


*  Thus,  in  one  case  of  severe  hemiplegia  in  early  life,  the  patient  became  able  to  walk  long 
distances,  and  had  some  power  of  (disordered)  movement  in  the  hand.  After  death  in  adult 
life  the  opposite  internal  capsule  was  found  destroyed.  A  large  cavity  occupied  the  whole 
of  the  central  ganglia. 
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We  do  not  yet  know  the  nature  of  the  connection  between  the  hemisphere 
and  the  muscles  on  the  same  side.  Broadbent  thought  it  was  by  a  connection 
of  the  lower  (spinal  and  bulbar)  centres  on  the  two  sides,  which  enabled  the 
bilateral  muscles  to  be  excited  together  from  one  hemisphere.  It  is  highly 
probable  that  such  a  connection  does  exist,  and  it  may  be  actually  effective 
in  the  case  of  the  bilateral  use  of  muscles ;  but  such  a  connection  cannot 
subserve  the  unilateral  use  of  such  muscles,  as,  for  instance,  the  isolated 
movement  of  the  leg.  This  implies  a  separate  path  to  the  lower  centre  ;  a 
mere  connection  of  the  lower  centres  would  not  suffice.  We  do  not  know 
whether  this  separate  path  is  by  pyramidal  fibres  that  do  not  decussate  (as 
by  the  anterior  pyramidal  tract,  or  by  the  passage  of  some  fibres  into  the 
lateral  column  of  the  same  side),  or  whether  it  is  by  a  recrossing  in  the  cord. 
We  must,  however,  associate  this  relation  with  the  fact  that  degeneration 
may  be  found  in  both  lateral  columns  when  the  disease  is  on  one  side  of  the 
brain  (see  p.  504)  ;  but  there  is  a  difference  of  opinion  as  to  the  way  in 
which  this  degeneration  arises,  whether  the  fibres  that  degenerate  come  down 
from  the  medulla,  as  is  suggested  by  Pitres'  observations  on  man,  or  whether 
they  are  due  to  a  recrossing  in  the  cord,  as  Sherrington  concludes  from  his 
experiments  on  animals.* 

But  the  retention  of  some  movements  and  the  return  of  others  suggests 
another  correlated  fact.  If  bilateral  movements  are  excited  from  both, 
hemispheres,  disease  of  one  hemisphere  should  lessen  the  power  on  both 
sides.  In  proportion  as  muscles  escape  or  recover  on  the  side  opposite  to 
the  lesion  they  should  be  weakened  on  the  side  of  the  lesion.  As  a  matter 
of  fact  this  is  so.  Most  of  the  bilateral  muscles  are,  however,  so  placed  that 
their  strength  cannot  be  measured,  but  many  muscles  of  partly  bilateral 
use  can  be  tested,  and  these  are  always  found  to  be  weakened  on  the  side 
of  the  lesion.  The  weakening  of  this  side  was  pointed  out  long  ago  by 
Brown-Sequard,  and  has  been  lately  investigated  by  Pitres  f  and  Fried- 
lander.J  It  is  greater  when  the  lesion  is  in  the  left  hemisphere  than  when 
the  right  is  diseased.  In  the  leg  the  loss  is  always  considerable,  and  is 
indeed  conspicuous,  even  on  a  cursory  examination.  It  exists  also  in  the 
trunk  muscles,  where  it  is  less  readily  detected,  and  it  exists  also  in  the  arm 
in  a  degree  for  which  theory  scarcely  prepares  us.  The  power  of  the 
hand  is  often  reduced  to  not  much  more  than  one-half  of  the  normal. 
Such  a  loss  is  not  adequately  explained  by  the  hypothesis  above  stated, 
and  seems  to  show  that  this  hypothesis,  however  true  and  important,  does 
not  express  the  whole  truth,  and  that  there  is  some  representation  on  the 
same  side,  even  of  muscles  of  purely  unilateral  use.  We  have  seen  that 
some  power  may  return  in  the  hand  with  a  total  lesion  of  the  motor  path, 
but  the  difference  between  the  trifling  movement  in  the  paralyzed  hand 
and  the  considerable  weakening  of  the  other,  is  greater  than  can  be 
explained  by  any  hypothesis   hitherto  put  forward.     Perhaps  in  the  two 
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hemispheres  there  is  a  mutual  interaction  and  support  of  which  we  have 
at  present  no  distinct  conception. 

Some  other  features  of  hemiplegia  remain  to  be  described.  Certain  move- 
ments toward  one  side  are  produced  by  the  action  of  muscles  situated  on 
both  sides.  Such,  for  instance,  is  the  lateral  movement  of  the  eyes,  by  the 
external  rectus  of  one  side  and  the  internal  rectus  of  the  other.  Such,  also, 
is  the  rotation  of  the  head ;  the  face  is  turned  toward  one  side  by  the  oppo- 
site sterno-mastoid,  acting  with  other  less  important  muscles  of  the  side 
toward  which  the  head  is  turned.  In  hemiplegia  these  movements 
toward  the  paralyzed  side  may  be  impaired.  The  head  and  eyes  cannot 
then  be  turned  toward  the  affected  side ;  and  the  unopposed  antagonistic 
muscles  may  even  turn  the  head  and  eyes  toward  the  unparalyzed  side.  This 
is  termed  "conjugate  deviation  of  the  eyes."  •  The  symptom  usually  passes 
away  in  the  course  of  a  few  days.  From  this  we  learn  two  facts.  First,  that 
movements,  rather  than  muscles,  are  represented  in  the  cerebral  hemispheres 
and  are  lost  in  disease.  Secondly,  that  these  lateral  movements  by  muscles 
of  both  sides  are  represented  in  both  hemispheres,  but  that  in  a  normal  state 
they  are  chiefly  effected  by  the  opposite  hemisphere.  When  this  is  diseased 
they  are  impaired,  until  the  hemisphere  on  the  same  side  has  acquired  func- 
tional power  over  them  through  mechanisms  before  existing  but  unused. 
.  A  sudden  cerebral  lesion,  such  as  causes  hemiplegia,  is  often  attended  by 
loss  of  consciousness.  We  are  then  deprived  of  the  direct  evidence  of  loss 
of  voluntary  power,  and  a  slight  degree  of  weakness  cannot  be  detected. 
But  the  existence  of  considerable  paralysis  can  often  be  ascertained.  Some- 
times a  pinch  will  cause  a  movement  of  the  sound  limb,  but  not  of  that 
which  is  paralyzed.  There  is  greater  flaccidity  of  the  paralyzed  limbs. 
The  face  is  smoother  on  the  paralyzed  side.  The  lips  are  less  closely  approx- 
imated on  that  side,  and  the  paralyzed  cheek  may  flap  with  respiration. 
The  passive  mobility  of  the  limbs  is  greater  than  on  the  other  side,  and,  if 
raised  and  allowed  to  fall,  the  paralyzed  arm  falls  like  a  dead  weight,  influ- 
enced only  by  gravitation,  while  the  other  arm,  although  it  also  falls,  does 
so  less  suddenly.  We  are  also  helped  in  this  condition  by  the  state  of  reflex 
action,  which  is  often,  though  not  always,  diminished  or  abolished.  This  is 
best  seen  in  the  abdominal,  cremasteric,  and  plantar  reflexes,  when  these  are 
compared  with  the  corresponding  actions  on  the  opposite  side.  Moreover, 
during,  the  period  of  unconsciousness,  the  conjugate  deviation  of  the  head 
and  eyes  is  often  distinct ;  if  the  head  be  placed  in  the  mid  position,  the 
deviation  slowly  returns.  A  slight  degree  of  ptosis  may  also  sometimes  be 
noticed  on  the  paralyzed  side. 

If  the  patient  is  conscious,  the  power  of  voluntary  movement  can  be 
directly  tested,  and  if  the  paralysis  is  not  absolute,  the  several  movements 
of  each  joint  should  be  separately  examined,  and  the  force  with  which  pas- 
sive movement  can  be  resisted  should  be  ascertained.  The  patient  is  almost 
always  able  to  close  the  eye,  but  often  a  strong  contraction  of  the  orbicularis 
is  less  on  the  paralyzed  side.than  on  the  other.  When  there  is  no  difference 
in  the  strength  of  contraction  of  the  orbiculares  palpebrarum,  the  patient,  if 
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previously  able  to  shut  the  eye  on  the  hemiplegic  side  without  the  other,  is 
usually  no  longer  able  to  do  so.  In  the  early  stage  the  patient  may  be 
unable  even  to  close  the  eye  on  the  hemiplegic  side.  Sometimes  there  is 
even  slight  weakness  of  the  frontalis,  and  the  forehead  may  be  smoother  on 
the  paralyzed  side  than  on  the  other.  In  the  lower  part  of  the  face  there 
may  be  a  marked  difference  in  the  degree  of  affection  of  the  voluntary,  emo- 
tional, and  associated  movements  (Figs.  230-232).  The  former  is  tested  by 
making  the  patient  raise  the  upper  lip,  and  move  the  mouth  from  side  to 
side  ;  emotional  movement  is  seen  in  a  smile,  and  the  associated  movement 
is  obtained  by  causing  the  patient  to  grasp  strongly  with  the  sound  hand. 
This  difference  is  occasionally  of  considerable  diagnostic  importance.  In 
some  cases,  in  the  early  stage,  the  eye  cannot  be  closed,  and  there  may  be 
a  doubt'whether  the  paralysis  is  due  to  disease  of  the  nerve  or  of  the  motor 
tract  in  the  hemisphere.  In  the  former  case  all  emotional  movement  is  lost, 
as  well  as  that  which  is  voluntary.     In  the  latter  the  smile  may  be  equal  on 


Fig.  230. 


Fig.  231. 


Fig.  232. 


Figs.  230-232. — Different  affection  of  voluntary  and  emotional  movements  of  the  face  in*i 
case  of  right  hemiplegia.  The  appearance  of  the  face  at  rest  is  shown  in  Fig.  230;  an 
attempt  to  raise  the  upper  lip  on  both  sides  in  Fig.  231  ;  a  smile  in  Fig.  232.  The  last  was 
much  more  nearly  equal  on  the  two  sides  than  the  figure  suggests.     {From  photographs.*) 


the  two  sides,  although  voluntary  movement  is  lost  on  one.  The  movement 
of  the  tongue  within  the  mouth  should  be  observed,  as  well  as  its  deviation 
on  protrusion.  The  base  of  the  tongue  is  usually  higher  on  the  paralyzed 
side  than  on  the  other. 

If  hemiplegia  is  complete  in  extent,  but  imperfect  in  degree,  the  condi- 
tion is  similar  to  that  of  perfect  hemiplegia  which  is  in  process  of  recovery. 
The  loss  of  power  is  greater  in  the  arm  than  in  the  leg,  and  greater  toward 
the  extremity  of  each  limb  than  in  the  part  nearest  the  trunk.  The  muscles 
moving  the  hand  are  weaker  than  those  of  the  shoulder,  and  in  the  leg  the 
most  affected  movements  are  those  of  the  foot,  especially  flexion  of  the 
ankle.  H-ence,  in  walking,  the  foot  is  swung  round  (or,  less  commonly, 
the  knee  is  unduly  flexed)  in  order  to  prevent  the  contact  of  the  toes  with 
the  ground  when  the  foot  is  brought  forward.  There  is  often  more  power 
of  using  the  leg  with  the  other,  as  in  walking  or  standing,  than  there  is  in 
the  separate  movements  of  the  limb. 
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To  the  rule  that  the  leg  recovers  before  the  arm,  and  the  proximal  parts 
of  the  limbs  before  the  distal,  apparent  exceptions  are  sometimes  met  with, 
The  arm  may  recover  earlier  and  more  than  the  leg,  and  sometimes 
the  extremities  recover  before  the  upper  parts  of  the  limbs.  These  are 
always  cases  of  imperfect  hemiplegia,  in  which  the  damage  to  the  motor  path 
or  centres  is  unequal,  and  the  less  affected  parts  recover  first.  In  compar- 
ing the  two  modes  of  recovery,  we  are  or  may  be  comparing  things  in  their 
nature  unlike — the  return  of  power  due  to  compensation  by  the  other 
hemisphere,  with  that  due  to  the  recovery  of  the  damaged  hemisphere. 

Varieties  of  hemiplegia  depend,  for  the  most  part,  on  differences  in  the 
seat  of  the  lesion.  These  differences  may  be  spoken  of  as  transverse  and 
vertical.  The  transverse  variations  determine  differences  in  the  distribution 
of  the  palsy  on  the  affected  side,  and  are  greater  the  higher  the  lesion  is  in 
the  motor  path,  reaching  their  maximum  at  the  cortex.  The  vertical  differ- 
ences determine  chiefly  the  associations  of  the  hemiplegia,  although,  as  we 
have  just  seen,  they  are  not  without  influence  on  its  distribution,  on  account 
of  the  different  compactness  of  the  path,  and  consequent  differences  in  the 
scope  for  transverse  variations  in  the  lesion.  Where  the  path  occupies 
a  small  transverse  area,  a  single  lesion  can  hardly  fail  to  influence  the  whole 
of  it. 

The  varieties  determined  by  the  relative  amount  of  damage  to  the  several 
parts  of  the  motor  path  or  centres  depend  on  the  distribution  of  the  palsy, 
whether  this  is  "complete"  from  a  total  lesion,  or  "incomplete"  from  a 
partial  lesion.  The  latter  occurs  chiefly  when  the  disease  is  in  the  white 
substance  of  the  hemisphere  or  in  the  cortex.  Such  limited  palsy  is  termed 
"monoplegia."*  The  arm  only,  the  leg  only,  or  the  face  and  tongue  may 
be  affected.  The  two  last  named  are  usually  involved  together  in  conse- 
quence of  the  proximity  of  their  centres  and  path.  These  varieties  have 
been  termed  brachial,  crural,  and  facio-lingual  monoplegia.  The  face  and 
arm  may  also  suffer  together  (brachio-facial  monoplegia).  The  paralysis  is 
never  absolute  in  these  cases  of  limited  range,  and  the  condition  of  the 
limb,  as  regards  loss  of  power,  usually  resembles  that  of  hemiplegia  which 
is  in  process  of  recovery.  The  coarse  movements  of  the  upper  part  of  the 
limb  are  preserved,  while  the  movements  of  the  hand  may  be  lost. 

The  second  class  of  varieties  depend  on  the  vertical  position  of  the  lesion. 
If  this  is  in  the  medulla,  the  face  escapes  altogether  or  only  the  lips  are 
involved.  Disease  at  the  level  of  the  hypoglossal,  may,  by  damaging  the 
fibres  of  this  nerve,  cause  its  paralysis  on  the  same  side  as  the  lesion,  and  a 
deviation  of  the  tongue  toward  the  unparalyzed  side.  Theoretically,  hemi- 
plegia without  paralysis  of  face  or  tongue  may  result  from  a  lesion  of  one 
pyramid  below  the  hypoglossal  nuclei,  but  such  cases  are  extremely  rare. 


*  Strictly,  "monoplegia"  ought  to  be  used  to  designate  double  hemiplegia,  but  this  is 
commonly  called  diplegia.  We  have  thus  the  anomalous  nomenclature  (too  firmly  rooted  to 
be  disturbed)  that  two  half  palsies  make  a  double  palsy,  and  that  a  one  palsy  is  part  of  a 
half  palsy ! 
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In  the  lower  part  of  the  pons  the  facial  nerve  is  damaged  on  the  side  of  the. 
lesion,  and  therefore  on  the  side  opposite  to  the  palsy  of  the  limbs.  In  the 
upper  part  of  the  pons  the  fibres  from  the  opposite  facial  nucleus  have  joined 
the  motor  tract,  and  the  hemiplegia  does  not  differ  from  that  produced  by 
disease  of  the  internal  capsule  unless  the  fifth  nerve  is  involved  on  the  side 
opposite  to  the  limbs.  If  the  lesion  is  in  the  crus,  the  fibres  of  the  third 
nerve  may  be  damaged  on  the  side  of  the  lesion,  and  there  is,  in  addition 
to  the  hemiplegia,  palsy  of  the  third  nerve  opposite  to  the  hemiplegia, 
usually  complete,  sometimes  incomplete,  and  affecting  especially  the  levator. 
The  impairment  of  sensation  that  often  accompanies  hemiplegia  will  be 
described  in  a  separate  section. 

Associated  movements  sometimes  occur  in  the  paralyzed  parts.  A  strong 
effort  to  grasp  with  the  unaffected  hand  will  sometimes  cause  a  movement 
in  the  paralyzed  hand.  More  common  still  is  a  movement  of  the  paralyzed 
arm  during  the  act  of  yawning  or  stretching,  or  even  during  coughing. 
When  partial  recovery  of  power  has  taken  place,  voluntary  movements  with 
the  affected  limb  may  cause  an  associated  movement  of  the  unaffected  limb. 
The  explanation  of  these  associated  movements  is  doubtless  to  be  found  in 
the  connections  of  the  subsidiary  centres  through  which  they  are  produced. 

The  diminution  in  the  superficial  reflex  action  already  mentioned  is  almost 
invariable  at  first.  Sometimes  it  passes  away  in  the  course  of  weeks  or 
months  ;  in  other  cases  it  persists.  In  rare  cases  an  increase  in  the  super- 
ficial reflex  action  has  been  met  with.  This  difference  bears  no  relation 
to  the  change  in  sensibility.  We  do  not  yet  know  the  significance  of  the 
difference.  Some  physiological  researches  suggest  that  there  is  a  cerebral 
centre  which  normally  restrains  the  activity  of  the  spinal  reflex  centres,  and 
that  this  is,  in  its  turn,  controlled  by  a  higher  centre,  the  influence  of  which 
may  be  cut  off  by  the  lesion.  In  consequence,  the  reflex  inhibitory  centre 
is  unrestrained,  and  lowers  reflex  action  on  the  paralyzed  side.  This  loss  of 
reflex  action  is  of  diagnostic  importance,  because  it  often  occurs  when  the 
motor  paralysis  is  slight. 

In  rare  cases,  considerable  movements  of  the  limbs,  even  of  the  arm, 
similar  to  the  associated  movements,  may  be  produced  by  cutaneous  stimu- 
lation. The  effect  may  not  be  confined  to  the  paralyzed  side.  Thus,  Nothna- 
gel  mentions  a  case  in  which  a  moderate  pinch  of  the  hemiplegic  arm  caused 
muscular  contractions  in  the  other  arm  ;  on  a  stronger  pinch  the  contrac- 
tions extended  to  the  other  leg,  and,  on  a  still  stronger  pinch,  to  the  leg 
also  on  the  same  (hemiplegic)  side,  while  the  arm  that  was  pinched  always 

remained  still.* 

Muscular  Rigidity. — At  some  period  the  paralyzed  limbs  usually  present 
rigidity  of  the  muscles,  which  stiffens  the  limbs  in  a  certain  posture,  and 
opposes  passive  movement.  The  attempt  to  overcome  the  rigidity  by  forced 
extension  of  the  muscles  causes  pain.  Todd  first  drew  a  distinction  between 
two  forms,   "early"  and  "late"  rigidity,  and  to  these  we  must  add  two 


*    V.  Ziemssen's  Handbuch,  Bd.  xi,  I,  ii  Auflage,  p.  no. 
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.others.  Initial  rigidity  comes  on  immediately  after  the  onset,  and  often  lasts 
for  a  few  hours  only.  It  is  due  to  the  irritation  of  the  fibres  by  the  process 
that  interrupts  their  continuity,  and  is  often  absent.  The  early  rigidity 
comes  on  within  a  few  days  of  the  onset,  and  lasts  for  a  few  weeks.  The 
posture  which  the  limbs  assume  is  that  of  rest.  It  is  apparently  due  to  the 
irritation  of  the  fibres  of  the  motor  tract  by  the  inflammation  that  the  lesion 
sets  up.  It  is  usually  slight  in  degree,  but  sometimes  considerable,  when 
there  is  an  unusual  amount  of  irritation.  If  the  initial  rigidity  is  prolonged, 
it  may  pass  into  the  early  rigidity.  The  late  rigidity  comes  on  in  the  course 
of  a  few  weeks,  and  lasts  for  months  or  years ;  in  cases  of  enduring'  paralysis 
it  may  be  permanent.  This  rigidity  occurs  when  there  is  descending 
degeneration  in  the  motor  (pyramidal)  tracts,  and  seems  to  be  influenced  in 
its  degree  by  the  irritative  nature  of  this  degeneration  (Charcot).     In  the 


Fig.  233. 


Fig.  234. 


Late  rigidity  in  hemiplegia  five  months 
after  the  onset. 


Lnte  rigidity  in  hemiplegia,  showing  the 
flexion  of  the  middle  and  distal  pha- 
langes when  the  wrist  is  extended, 
and  their  extension  when  flexion  ot 
the  wrist  shortens  the  course  of  the 
tendons. 


upper  limb  the  position  is  that  of  adduction  of  the  shoulder,  flexion  of  the 
elbow,  flexion  and  pronation  of  the  wrist,  and  still  greater  flexion  of  the 
fingers,  especially  of  the  distal  phalanges,  by  the  contraction  of  the  long 
flexor  (Fig.  233),  the  interossei,  which  flex  the  metacarpophalangeal  joints, 
being  little  affected  in  this  form  of  contracture.  When  the  wrist  is  passively 
flexed  the  fingers  can  be  extended  freely,  but  if  the  wrist  is  extended  they 
return  to  the  state  of  flexion,  because  extension  of  the  wrist  lengthens  and 
flexion  shortens  the  course  of  the  flexor  tendons  (Fig.  234).  Although  the 
contracture  preponderates  in  the  flexor  muscles,  the  extensors  present  also 
some  rigidity,  as  passive  movement  readily  demonstrates.  Very  rarely  the 
fingers  are  extended  at  all  joints  (including  the  metacarpo-phalangeal),  but 
in  these  cases  there  is  never  complete  paralysis,  and  the  rigidity  also  is 
slight.     In  the  leg  the  rigidity  is  more  nearly  equaj  in  the  two  groups  of 
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muscles,  and  produces  extensor  contracture,  so  that  the  leg  is  straight,  and 
the  foot  tends  to  assume  the  position  of  talipes  equino-varus.  The  face 
does  not  participate  in  this  form  of  rigidity. 

The  late  rigidity  depends  on  an  active  muscular  contracture.  It  lessens 
very  much  during  sleep,  and  when  the  limb  is  placed  in  warm  water.  It 
can  also  be  overcome  by  passive  extension,  most  readily  when  this  is  gentle 
and  long  continued.  The  relaxation  is  facilitated  by  rubbing  the  muscle. 
Faradization  of  the  opponents  of  the  most  contracted  muscles  also  lessens 
the  rigidity.  When  late  rigidity  has  continued  for  a  considerable  time, 
tissue  changes  sometimes  take  place  in  the  shortened  muscles,  in  consequence 
of  which  their  passive  elongation  is  no  longer  possible.  Thus  we  must  dis- 
tinguish from  the  active  late  rigidity  an  ultimate  structural  contracture. 

The  rigidity,  early  and  late,  evidently  depends  on  the  over  action  of  the 
spinal  centres.  The  centres  which,  thus  overact  are  probably  those  on  which 
normal  muscular  ' '  tone ' '  depends,  and  the  rigidity  is  an  excessive  degree 
of  this  "  tone."  With  it  is  associated  an  excess  of  the  peculiar  muscular 
irritability  on  which  the  so-called  "tendon  reflexes"  depend,  due,  probably, 
to  a  muscle-reflex  action  (see  p.  35).  The  excess  is  not  usually  evident 
until  a  week  or  ten  days  after  the  onset  of  the  hemiplegia.  In  con- 
sequence of  this  increased  irritability  there  is,  in  most  cases  of  hemiple- 
gia with  persistent  weakness,  an  excessive  knee  jerk,  and  a  foot  clonus  can 
generally  be  obtained.  Sometimes  a  rectus  clonus  can  be  elicited.  The 
same  conditions  may  be  observed  in  the  arm.  A  tap  on  the  front  of  the 
wrist  causes  a  contraction  in  the  flexors  of  the  fingers;  one  on  the  radius 
produces  a  contraction  in  the  biceps,  one  on  the  ulna  a  contraction  in  the 
triceps,  and  this  can  be  still  better  obtained  by  a  tap  on  the  tendon  of  the 
triceps  just  above  the  olecranon.  A  clonus  can  often  be  obtained  in  the 
flexors  of  the  fingers  by  putting  sudden  tension  on  them.  I  have  even 
obtained  a  similar  clonus  in  the  trapezius  by  sudden  depression  of  the 
shoulder. 

The  increase  of  myotatic  irritability,  which  depends  on  degenerative 
changes  in  the  pyramidal  tracts,  comes  on,  as  has  been  said,  about  ten 
days  after  the  onset  of  the  hemiplegia.  But  the  myotatic  irritability 
sometimes  presents  variations  before  the  degenerative  increase  is  estab- 
lished, and  these  are  probably  due  to  the  cerebral  irritation,  which  may 
increase  or  inhibit  the  action  of  the  spinal  centres  on  which  the  phenomena 
depend. 

Immediately  after  the  onset  of  hemiplegia  the  knee  jerk  may  be  absent, 
and  it  may  return  in  a  few  hours.  When  it  is  thus  lost  there  is  perfect  relaxa- 
tion. More  frequent  than  this  initial  loss  is  an  early  increase  ;  a  day  or  two 
after  the  onset  the  knee  jerk  is  increased,  and  a  foot  clonus  can  be  obtained. 
This  early  increase  may  or  may  not  pass  away  before  the  degenerative  excess 

is  developed. 

Muscular  Irritability  and  Nutrition.— -In  cerebral  disease  there  is  rarely 
any  considerable  change  in  the  irritability  of  the  muscles.  It  may  be  the 
same  as  that  on  the  unparalyzed  side,  or  it  may  present  a  slight  change, 
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increase  or  diminution.  The  change  is  never  considerable,  and  is  the  same 
to  both  Faradaism  and  Voltaism.  The  increase  is  the. earlier  change;  a 
decrease  .is  not  usually  present  until  some  months  after  the  onset.  In  the 
cases  in  which  there  is  an  alteration  of  muscular  irritability  there  is  gener- 
ally wasting  of  the  muscles,  sometimes  considerable,,  but  never  reaching  the 
degree  seen  in  progressive  muscular  atrophy.  Both  the  wasting  and  the 
alteration  in  irritability  are  probably  due  to  the  irritative  character  of  the 
descending  degeneration  in  the  pyramidal  tracts.  Although  the  degenera- 
tion does  not  spread  to  the  motor  nerve  cells  as  a  destructive  process,  it 
seems,  when  irritative  in  character,  to  influence  their  nutrition  and  the  nutri- 
tion of  the  motor  nerve  fibres  proceeding  from  them,  and,  through  these, 
that  of  the  muscles. 

Vasomotor  and  Trophic  Changes. — The  paralyzed  limbs  (i)  may  present 
no  vascular  changes;  (2)  they  may  be  warmer  by  half  a  degree  or  so  than 
those  of  the  opposite  side;  (3)  they  may  be  colder,  pale,  or  livid.  Eulen- 
berg  and  Landois  have  ascertained  that  the  cortex  contains,  near  the  motor 
centres  for  the  limbs,  other  centres  that  influence  the  vascular  state  of  the 
limbs.  Irritation  of  these  centres  causes  pallor  and  coldness,  while  hyper- 
asmia  and  increased  warmth  are  probably  the  result  of  a  loss  of  the  central 
influence,  and  may  be  due  to  disease  of  the  cortex  or  of  the  path  from  it, 
which  seems  to  pass  in  the  posterior  limb  of  the  internal  capsule.  The  ele- 
vation of  temperature  may  be  from  2°  to  1.5"  F.  above  that  of  the  unpara- 
lyzed  side.  It  is  often  uniformly  raised  for  ten  days  or  a  fortnight,  and  then 
presents  variations,  sometimes  an  elevation,  sometimes  a  depression.  The 
elevation  of  temperature  may  be  accompanied  by  redness  of  the  skin;  when 
the  temperature  falls  the  vessels  may  remain  distended,  and  the  limb  then 
has  a  bluish-red  aspect.  Occasionally  there  is  increased  sweating.  There 
may  be  some  cedema  of  the  subcutaneous  tissue,  most  marked  toward  the 
extremity  of  the  limb.  This,  in  slight  degree,  is  very  common,,  and  may 
come  on  at  the  end  of  one  or  two  days  and  persist  for  many  weeks.  It  is 
especially  great  when  there  is  kidney  disease,  and  may  be  very  marked  in 
the  paralyzed  limb  and  absent  elsewhere.  In  some  cases  there  is  a  tendency 
to  acute  trophic  changes.  Slight  pressure,  continued  for  a  few  hours,  may 
raise  a  blister,  and  even  cause  the  skin  to  slough  ;  sometimes,  indeed,  the 
vesication  and  sloughing  seem  spontaneous.  Bed  sores  thus  readily  occur. 
Their  most  common  seat  in  hemiplegia  is  the  gluteal  region,  while  in  para- 
plegia it  is  usually  over  the  sacrum.  The  skin  over  the  trochanter,  malleolus, 
and  heel  is  also  apt  to  slough,  manifestly  because  these  points  are  the  most 
exposed  to  pressure.  A  marked  tendency  to  such  sloughing  is  of  bad  prog- 
nostic significance. 

More  chronic  trophic  changes  are  sometimes  observed.  Disseminated 
neuritis,  with  considerable  thickening  of  the  nerves  at  certain  spots,  has 
been  met  with  (Leubuscher),  and  is  said  to  be  independent  of  degeneration 
in  the  pyramidal  tracts  (Charcot).  Inflammation  of  the  larger  joints, 
attended  with  redness  and  swelling,  has  been  occasionally  observed  during 
the  latter  part  of  the  period  of  inflammatory  reaction,  one  to  four  weeks  after 
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the  onset.  It  is  limited  to  the  hemiplegic  side  and  is  evidently  analogous 
to  the  similar  inflammation  that  is  secondary  to  acute  myelitis.  This  condi- 
tion is  met  with  more  frequently  in  cases  of  cerebral  softening  than  of  cere- 
bral hemorrhage. 

In  some  cases  there  are  symptoms  that  suggest  paralysis  of  the  cervical 
sympathetic  (Nothnagel).  These  are  contraction  of  the  pupil,  slight  droop- 
ing of  the  eyelid  (not  due  to  paralysis  of  the  levator,  because  the  eyelid  can 
be  raised  as  high  as  on  the  paralyzed  side),  narrowing  of  the  palpebral  fis- 
sure, retraction  of  the  eyeball,  and  an  increased  secretion  of  tears  and  of 
nasal  mucus.  The  pulse  on  the  paralyzed  side  is  often  smaller  than  on  the 
other,  and  sphygmographic  tracings  are  said  to  show  a  lessened  contractility 
of  the  wall  of  the  vessel  (Wolff  and  Eulenberg). 

Occasionally,  the  nutrition  of  the  nails  is  changed,  and  they  become  more 
curved  and  brittle.  Rarely  there  is  an  increase  in  the  growth  of  hair  and 
a  thickening  of  the  skin.  When  hemiplegia  comes  on  in  childhood  the 
growth  of  the  limbs  is  usually  retarded,  and  they  never  attain  the  normal 
size.  The  difference  is  more  marked  in  the  upper  than  in  the  lower  limbs, 
and  affects  all  parts,  including  the  bones ;  in  the  scapula  it  is  often  very 
conspicuous. 

Disorders  of  Movement  after  Hemiplegia. — Besides  the  rigidity  already 
mentioned,  the  affected  limbs  sometimes  present  other  forms  of  spasm — 
tremor,  rhythmical  movements,  and  especially  irregular  movements,  occa- 
sionally quick,  more  often  slow.  These  occur  only  when  there  is  some 
return  of  voluntary  power,  not  when  the  paralysis  remains  absolute.  The 
spasm  is  especially  conspicuous  on  voluntary  movement,  although  it  may 
also  occur,  in  slighter  degree,  when  the  limbs  are  at  rest.  All  forms  are 
more  frequent  and  more  considerable  in  the  arm  than  in  the  leg.  The 
spasm  does  not  manifest  itself  until  some  months  after  the  onset  of  the 
hemiplegia,  coming  on  with  the  return  of  voluntary  power ;  once  estab- 
lished, it  usually  persists,-  although  it  may  lessen  somewhat  in  the  course  of 
years. 

Simple  tremor  is  not  common.  It  is  usually  fine,  and  occurs  chiefly  during 
movement,  rarely  when  the  limb  is  at  rest.  It  is  confined  to  the  arm. 
Rhythmical  movements  are  also  rare,  and  likewise  occur  only  in  the  upper 
limb.  There  may  be  alternate  flexion  or  extension  of  the  fingers  or  wrist, 
or  pronation  and  supination  of  the  hand,  continuous  or  only  on  movement. 

The  most  common  form  is  that  in  which  there  is  tonic  spasm,  slowly  vary- 
ing in  relative  degree  in  different  muscles,  and  thus  causing  slow,  irregular 
movements,  chiefly  conspicuous  in  the  hand,  and  slow,  irregular  incoordina- 
tion. From  this  character  it  may  be  conveniently  termed  "  mobile  spasm. ' ' 
It  is  commonly  conjoined  with  more  or  less  permanent  rigidity,  which  tends 
to  fix  the  limb  in  a  certain  posture.  This  fixed  rigidity  is  generally  propor- 
tioned to  the  amount  of  paralysis.  If  the  loss  of  power  is  slight,  and  there 
is  no  fixed  rigidity,  the  movements  may  extend  in  range.  In  some  cases 
the  movements  are  quick  instead  of  slow.  In  rare  cases,  this  condition 
comes  on  without  preceding  hemiplegia ;  such  a  condition  was  called  by 
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Hammond  "  athetosis  "  (=  without  fixed  position).  Such  primary  spasm 
is  similar  in  characters  to  that  which  may  succeed  hemiplegia,  and  every 
gradation  is  met  with  between  such  cases  of  extensive  movement  without 
rigidity  and  the  more  frequent  cases  in  which  the  movements  are  slighter, 
and  are  combined  with  fixed  contracture.  The  condition  has  also  been 
termed  "  spastic  hemiplegia  "  and  "  post-hemiplegic  chorea."  This  latter 
term  is  objectionable,  because  the  condition  has  nothing  to  do  with 
chorea,  and,  except  in  the  very  rare  cases  of  quick  movement,  the  resem- 
blance to  true  chorea  is  remote. 

In  this  condition  the  upper  arm  is  usually  adducted ;  the  elbow  joint  is 
commonly  flexed,  sometimes  extended,  and  occasionally  the  extended  arm 
is  carried  backward  by  the  spasm  and  rotated  inward,  so  that  the  hand  is 


Fig.  235.. 


Fig.  236. 


C.E.A. 


Fig. 
hem 


35— Continuous  mobile   spasm  (athetosis)  after  slight  hemiplegia.     (Patient   aged  24  ;  onset  of 
uplegia  at  23  ;  of  spasm  four  months   later.     Previous   syphilis.!  ■  The  hand  was  i„  ™n,in„»„s 


pasm  four  months   later.     Previous   syphilis.)  ■  The  hand  was  in  continuous 
XXTrSeTdTd        'W°  P°Sid°nS  Sh°W"-     ^  f°0t  was  habitually  inverted,  and  the  great  °oe 
F'I'J3iZ  P°st;hemiPleSic  m°bile  SP^™.     (The  hemiplegia  came  on  at  23,  probably  from  embolism, 
volunlrv  Z  Spasm  commenced  a  year  after  the  onset,  at  the  same  time  as  slight  return  of 

esr.ec ialW  thZ^H  ™       F""  ^T  Z°™  °f  th=  P<*'"r«  of  the  hand  six  years  aftlr  the  onset, 
especially  the  predominant  spasm  of  the  interossei.) 

held  against  the  lumbar  region  with  the  palm  turned  outward.  In  the  same 
patient,  the  arm  may  be  sometimes  extended  and  sometimes  flexed.  If 
there  is  fixed  rigidity  this  usually  affects  chiefly  the  flexors  of  the  wrist,  so 
that  this  joint  is  bent  at  a  right  angle.  If  there  is  no  fixed  rigidity,  the 
wrist  is  sometimes  flexed,  sometimes  over-extended.  In  the  hand  (Figs.  235 
and  236)  the  spasm  has  almost  always  a  peculiar  distribution.  It  affects 
especially  the  interossei  and  lumbricales,  which  flex  the  metacarpo-phalan- , 
geal  and  extend  the  phalangeal  joints ;  sometimes  it  affects  also  the  long 
extensor,  but  never  the  long  flexors  of  the  fingers,  which  are  the  especial 
seat  of  the  ordinary  "  late  rigidity."  Hence,  the  hand  is  usually  in  the 
"  interosseal  position,"  (such  as  the  interossei  produce)  with  flexion  of  the 
proximal  and  extension  of  the  middle  and  distal  phalanges,  but  the  amount. 
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of  spasm  varies  from  time  to  time  in  the  muscles  of  the  different  digits ; 
now  one  is  slowly  extended,  then  another ;  and  the  thumb  is  sometimes 
pressed  against  the  forefinger,  sometimes  over-extended.  At  one  time  all 
the  fingers  may  be  extended  and  separated,  then  one  or  another  is  adducted 
or  flexed,  the  wrist  being  sometimes  flexed  and  sometimes  extended,  and 
the  slow,  irregular  changes  in  position  suggest  the  movements  of  the  tenta- 
cles of  a  cuttle-fish.  The  constant  spasm  of  the  interossei  may,  after  a 
time,  so  affect  the  middle  and  distal  phalangeal  articulations  that  they 
become  over-extended  and  undergo  a  subluxation,  so  that  the  head  of  the 
nearer  phalanx  is  prominent  on  the  palmar  aspect  of  the  finger.*  The 
exercise  of  the  muscles  by  the  continuous  activity  may  lead  to  their  over- 
growth, so  that  the  affected  arm  may  be  larger  in  circumference  than  the 
other,  and  this  even  in  cases  in  which  growth  has  been  arrested  and  the  limb 
is  shorter  than  the  other.  When  the  hand  is 
at  perfect  rest,  the  movements  become  slighter 
and  often  cease,  but  they  are  renewed  by  any 
attempt  at  voluntary  action,  and  even  by 
attention.  In  more  severe  cases,  such  as  those 
to  which  the  term  "  athetosis  "  is  strictly  ap- 
plicable, the  movements  continue  during  rest, 
and  may  even  persist  during  sleep.  On  the ' 
other  hand,  in  many  cases  the  spontaneous 
movements  are  trifling,  and  close  observation 
may  be  necessary  to  detect  them.  In  all 
cases  voluntary  movement  is  irregular  and  diffi- 
cult, the  spasm  excited  by  the  attempt  pro- 
ducing a  peculiar  slow  incoordination. 

The  leg  is  always  affected  in  much  slighter 
degree  than  the  arm.  The  spasm  is  extensor, 
and  in  the  foot  tends  to  cause  elevation  of  the 

heel  and  inversion  Of  the  foot— talipes  equino-    Mobile  and  fixed  spasm  in  hand  after 
~  e        ■,        .     .  .  -  -        , .  ,  hemiplegia  in  early  life.   In  the  upper 

varus,     borne  fixed   rigidity  in  these  muscles    •  figure  the  thumb  is  held  so  as  to  show 

v,  ■    ,  rr»i  /v  1  ii         tne  over-extension  of  the  middle  pha- 

USUally  Coexists.       There  IS  Often  also  a  marked        langes  of  the  fingers.    As  soon  as  the 

c  ,i  r™  i  *i  thumb    was  released,  the  hand  as- 

over-extension  of  the  great  toe.-    The  mobile      sumed  the  position  shown  in  the 

spasm  in  the  leg  is  rarely  spontaneous,  but  is      °wer   gure' 

usually  at  once  excited  by  movement,  especially  by  attempts  to  walk. 

The  face,  in  these  cases,  presents  no  spontaneous  spasm,  but  the  same 
spasmodic  tendency  is  seen  here  also,  and  causes  a  slight  movement  to  be 
greater  in  degree  on  the  affected  side  than  on  the  other.  In  a  slight  smile, 
for  instance,  the  angle  of  the  mouth  is  drawn  outward  more,  and  often 
sooner,  'on  this  side  than  on  the  other,  although  there  may  be  a  manifest 
deficiency  of  power  on  a  stronger  movement.     The  slight  over  action  in 


*  This  occurs  chiefly  when  the  spasm  comes  on  early  in  life.  In  children  over-extension 
of  the  phalangeal  joints  can  readily  be  produced,  and  is  kept  up  and  increased  by  the 
spasm. 
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the  face  is  often  a  most  valuable  diagnostic  indication  in  cases  of  old  infan- 
tile hemiplegia,  of  which  little  trace  may  remain  elsewhere. 

In  about  half  the  cases  in  which  this  condition  follows  hemiplegia  in  the 
adult,  there  is  impaired  sensation  on  the  affected  side,  hemianesthesia.  But 
in  the  cases  which  date  from  childhood,  sensation  is  always  normal.  (A 
lesion  of  the  brain  in  childhood  seldom,  if  ever,  causes  persistent  loss  of 

sensibility.) 

It  has  been  mentioned  that  movement  intensifies  the  spasm  and  is  dis- 
ordered by  it,  being,  in  consequence,  rendered  ataxic  or  incoordinate.  In 
some  cases  there  is  no  spontaneous  spasm,  but  simply  incoordination  of 
voluntary  movement,  varying  in  degree  from  mere  awkwardness  or  unsteadi- 
ness to  wild  disorder,  and  there  may  be  jerking  incoordination  resembling 
that  seen  in  disseminated  sclerosis. 

Regarding  the  nature  and  position  of  the  disease  which  causes  these  dis- 
orders of  movement  we  have  as  yet  but  little  pathological  evidence.  The 
symptom  is  observed  after  recovery  from  the  paralysis,  and  hence  in  patients 
who,  for  the  most  part,  live  on  and  pass  out  of  observation.  But  two  etio- 
logical facts  are  of  great  significance.  The  first  is  that  these  disorders  of 
movement  are  far  more  frequent  after  cerebral  softening  from  vascular  occlu- 
sion than  after  cerebral  hemorrhage.*  The  second  is  that  they  follow  hemi- 
plegia far  more  frequently  when  this  comes  on  in  infancy  or  childhood  than 
when  it  comes  on  in  adult  life.  The  probable  significance  of  the  first  fact 
is  that,  in  softening,  slight  damage  to  the  cerebral  tissue  is  more  extensive 
than  the  actual  destruction,  and  the  spontaneous  spasm  must  be  referred  to 
the  over  action  of  gray  matter,  which  is  in  a  state  of  altered  nutrition  and 
function.  Hence  we  can  understand  the  occurrence  of  this  symptom  from 
a  lesion  which  involves  extensive  slighter  damage.  The  significance  of  the 
second  fact — the  frequency  with  which  the  condition  follows  infantile  hemi- 
plegia— is  probably  the  greater  facility  with  which  the  growing  and  devel- 
oping nerve  cells  recover,  and  their  greater  susceptibility  to  disorder  of 
function  when  their  development  is  perverted. 

Regarding  the  seat  of  the  disease  which  gives  rise  to  these,  symptoms,  the 
facts  at  present  recorded  are  too  few  to  permit  any  accurate  generalization. 
It  is,  however,  probable  that  a  distinction  must  be  drawn  between  the  cases 
in  which  the  lesion  occurs  in  childhood  and  in  adult  life.  In  the  latter  the 
condition  is  rare,  and  in  most  of  the  recorded  cases  the  disease  has  been 
situated  either  in  or  outside  the  optic  thalamus ;  in  several  it  involved  the 
posterior  part  of  the  internal  capsule,  a  fact  which  explains  the  occasional 
association  of  hemianaesthesia.  The  disease  of  the  internal  capsule  has 
usually  been  incomplete,  not  involving  the  whole  thickness  of  the  capsule, 
and  it  has  always  involved  the  gray  matter  either  of  the  lenticular  nucleus 
or  the  caudate  nucleus.  Since  the  QpjtifiJLhalamus  is  not  in  the  mqtorjath, 
disease  limited  to  this  must  produce  the  symptom  indirectly  by  disturbing 
the  function  of  the  motor  cortex.     It  is  certain,  moreover,  that  the  symp- 

*  See  "Athetosis,"  etc.,  Med.-Chir.  Trans.,  1876. 
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torn  may  result  from  disease  which  is  limited  to  the  cortex.*  Regarding 
the  cases  that  date  from  childhood,  we  have  very  few  facts.  In  those  that 
have  been  examined,  the  disease  has  varied  much  in  position  and  extent. 
This,  and  the  frequency  of  its  occurrence,  suggest  that,  in  these  cases,  the 
symptom  is  due  to  the  quality  of  the  lesion  (impairment  of  the  nutrition  of 
growing  motor  nerve  cells)  rather  than  to  its  site. 

The  relation  between  these  various  forms  of  post-hemiplegic  diseases  of 
movement  is  shown  in  the  following  table. 

POST-HEMIPLEGIC  DISORDERS   OF  MOVEMENT.f 

f  Regular  (continuous,  J  Tremor.  {  Coarse. 
_    .  ,       ,     .  ..  .  or  on  movement)  .   1  Certain  regular  movements,  due  to  inter- 

Quick,  clonic  spasm,  of  intermit-  j  (     osseii  pronators,  etc. 

ting  type  ...  Irregular  (continuous  V  Choreoid     f  Continuous  spasm,  or    inco- 

l     or  on  movement)  .  \  Jerking       \     ordination  of  movement. 
Slow,  mobile  spasm,  of  remitting    (Continuous  —  "Athetosis." 

t,,«».  -s  On  movement  =  Slow,  cramp- )    „c       ..  „    .,       . 

typC 1     like  incoordination.  [      ?Pas"  =  contracture  '    of  hem- 

Tonic  spasm,  varying \      f  Of  interossei  conspicuous  j       P   °     cnuaren. 

Fixed  rigidity,  unvarying  .   .  J      \  Of  flexor  longus  digicorum  conspicuous  =  late  rigidity. 

Convulsions. — Convulsions  are  frequent  in  organic  brain  disease.  They 
are  produced  in  two  ways:  (i)  By  active  irritation,  as  in  meningitis,  grow- 
ing tumors,  encephalitis,  and  in  acute  cerebral  lesions,  hemorrhage  or  soften- 
ing. (2)  By  altered  nutrition  of  gray  matter  around  a  stationary  lesion ; 
in  consequence  of  the  alteration  the  gray  matter  possesses  deficient  stability 
and  "discharges."  By  each  mechanism  convulsions  are  produced  most 
readily  and  most  frequently  when  the  disease  is  at  the  cortex,  and  the 
second  mechanism  is  practically  confined  to  cortical  lesions.  Stationary 
lesions  scarcely  ever  cause  convulsions,  unless  they  are  situated  in  or  near 
the  motor  convolutions.  On  the  other  hand,  irritating  disease  often  causes 
convulsions  when  it  is  at  a  distance  from  the  motor  region,  both  when  it 
is  in  the  cortex  itself  or  in  the  deeper  parts  of  the  brain,  even  in  the  pons. 
Convulsions  also  result  from  general  increase  of  intracranial  pressure. 

The  convulsions  that  result  from  organic  brain  disease  may  be  general, 
and  similar  to  those  of  idiopathic  epilepsy,  consisting  first  of  tonic  and 
then  of  clonic  spasm,  with  sudden  loss  of  consciousness.  A  full  description 
of  their  character  is  unnecessary  here,  since  they  are  described  in  the 
chapter  on  Epilepsy.  The  fits  are  usually  of  this  type  when  they  are  due  to 
a  diffuse  morbid  process,  as  meningitis,  or  to  disease  away  from  the  motor 
region,  and  also  whenever  the  discharge  is  intense.  But  in  most  cases  in 
which  the  convulsions  are  due  to  focal  disease,  especially  when  this  is  in 
or  near  the  motor  region  of  the  cortex,  the  convulsion  is  of  a  different  type, 
distinct  in  at  least  some  of  the  attacks.  The  discharge  commences  at  the 
seat  of  irritation,  and  spreads  thence  in  the  motor  region.  Hence  the  onset 
of  the  convulsion  is  deliberate  and  local ;  often  consciousness  is  not  lost 

*  A  conclusive  case  has  been  published  by  Demange,  Revue  de  Midecine,  May,  1883, 
Case  ii,  p.  375. 

+  From  "Athetosis  and  Post-hemiplegic  Disorders  of  Movement,"  Med.-Chir.  Trans., 
1876,  p.  291. 
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until  the  cerebral  discharge  has  progressed  beyond  its  point  of  commence- 
ment. The  local  commencement  may  be  seen  by  an  observer,  and  often 
the  patient  is  aware  of  the  commencing  fit,  and  of  the  manner  in  which  it 
commences.  The  local  commencement  of  the  convulsion  is  usually  in  the 
side  of  the  face,  in  the  arm,  or  in  the  leg.  If  slight,  the  convulsion  may  be 
limited  to  the  part  in  which  it  commences  (partial  convulsion),  and  con- 
sciousness may  not  be  lost  at  all.  If  more  severe,  the  convulsion  extends  to 
all  parts  of  the  side  on  which  it  commences,  and  consciousness  may  or  may 
not  be  lost.  If  still  more  severe,  it  may  extend  to  the  opposite  side,  and 
then  consciousness  is  almost  always  lost.  But  there  is  a  further  distinction 
to  be  made  in  the  mode  of  affection  of  the  muscles  of  the  two  sides.  These 
are  involved  in  different  degree  and  order,  according  to  their  unilateral  or 
bilateral  use  (Broadbent,  Hughlings  Jackson)  and  corresponding  innerva- 
tion from  one  or  both  hemispheres  (see  p.  511).  We  have  seen  that,  in 
proportion  as  movements  are  bilateral,  those  on  the  paralyzed  side  escape 
in  hemiplegia.  In  the  same  proportion  those  on  the  sound  side  are 
involved  in  convulsion.  The  bilateral  representation  which  permits  their 
escape  in  one  case  insures  their  involvement  in  the  other.  Hence  we  may 
have  three  degrees  of  extension  :  (1)  In  a  slight  unilateral  fit  the  unilateral 
muscles  of  one  side  are  alone  involved  ;  the  fit  affects  only  the  arm  and 
leg.  (2)  In  a  more  severe  fit,  in  addition  to  the  unilateral  muscles,  the 
bilateral  muscles  of  both  sides  are  involved,  e.g.,  both  sides  of  the  thorax, 
and  sometimes  the  opposite  leg,  the  arm  remaining  free.  (3)  In  a  still 
more  severe  fit  the  opposite  arm  is  also  involved. 

Yet  another  distinction  is  necessary.  There  are  muscles  on  the  two  sides 
which,  together,  have  a  unilateral'  action.  These  muscles,  as  we  have  seen 
(p.  512)  are  innervated  from  the  cerebral  hemisphere  according  to  their 
action,  e.  g.,  the  muscles  which  move  the  head  and  eyes  to  the  right  are 
innervated  from  the  left  hemisphere.  We  have  also  seen  that  in  unilateral 
paralysis  the  movement  is  lost  by  an  impairment  of  the  muscles  on  both 
sides.  In  a  unilateral  convulsion  the  spasm  has  a  corresponding  distribu- 
tion ;  the  head  and  eyes  are  usually  turned  toward  the  side  convulsed,  by 
these  contra-lateral  muscles,  as  they  may  be  termed.  In  a  fit  which  is  from 
the  first  general,  it  is  common  to  have  the  convulsion  greater  on  one  side 
than  on  the  other,  with  a  corresponding  deviation  of  the  head  and  eyes.  In 
a  fit  in  which  one  side  only  is  at  first  affected,  the  other  side  is  often  affected 
later,  while  the  convulsion  on  the  first  side  is  lessening.  The  passage  to 
the  second  arm  (probably  due  to  the  extension  of  the  discharge  to  the 
opposite  hemisphere)  is  attended  by  a  corresponding  movement  of  the  head 
and  eyes,  which,  turned  at  the  onset  toward  the  side  first  affected,  are  after- 
ward directed  toward  the  second  side,  when  this  becomes  involved  in  spasm. 

Convulsions  begin  locally  when  the  disease  irritates  a  part  of  the  brain  in 
which  the  centres  for  the  different  parts  are  separate,  and  chiefly  when  the 
disease  is  in  or  near  the  cerebral  cortex,  in  the  central  (motor)  convolutions 
or  paracentral  lobule.  If  the  centre  is  destroyed,  convulsions  rarely  begin 
in  the  part,   which   is  then    permanently  paralyzed.     Hence   convulsions 
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occur  chiefly  from  disease  which  partially  damages  the  centres,  or  which 
is  in  their  neighborhood,  and  irritates  them.  When  the  irritation  is  in  the 
highest  part  of  these  convolutions,  the  convulsion  usually  begins  at  the  foot ; 
when  in  the  middle,  at  the  hand  ;  when  in  the  lower  part,  at  the  face,  and  is 
then  commonly  associated  with  temporary  loss  of  speech.  It  is  probable 
that  a  similar  differentiation  of  spasm  may  occur  in  limited  disease  of  the 
white  substance  or  internal  capsule,  but  it  is  very  uncommon  for  convulsions 
to  result  from  disease  in  this  situation.  When  the  convulsion  begins  in  one 
limb,  it  may  commence  by  a  motion  or  a  sensation,  according  as  the  motor 
or  sensory  elements  lead  in  the  discharge.  We  do  not  yet  know  whether 
this  difference  has  a  localizing  value.  Probably  it  has  not.  Disease  of  the 
central  convolutions  may  cause  convulsions  commencing  by  a  sensory  aura. 
We  have  seen  that  these  convolutions  have  sensory  as  well  as  motor  func- 
tions. We  must  at  present  regard  the  commencement  of  the  fit  by  a  sensa- 
tion  in  the  arm,  leg  or  face,  as  of  the  same  diagnostic  value  as  the  commence- 
ment by  motor  spasm. 

In  idiopathic  epilepsy  special  sense  auras  axe  not  infrequent,  but  in  organic 
brain  disease  they  are  rare.  They  signify  that  the  disease  is  adjacent  to  the 
special  sense  centres  in  the  cortex.  Thus  I  have  mentioned  elsewhere  *  a 
case  in  which  a  tumor  of  the  occipital  lobe  caused  a  visual  aura,  and 
another  case  in  which  an  auditory  aura  preceded  convulsions  due  to  a  tumor 
which  commenced  beneath  the  first  temporal  convolution. f  In  a  third  case 
lately  under  my  care,  a  tumor  in  the  middle  of  the  posterior  limb  of  the 
fissure  of  Sylvius,  invading  the  first  temporal  convolution,  caused  convulsions 
on  the  opposite  side,  which  also  began  with  an  auditory  aura  (see  the  chapter 
on  Intracranial  Tumors).  • 

The  convulsions  that  attend  the  onset  of  a  vascular  lesion  are  usually  gen- 
eral, but  commence  on  the  side  which  is  subsequently  paralyzed,  and  they 
may  be  confined  to  this  side,  especially  in  the  case  of  surface  lesions,  e.  g., 
thrombosis  in  a  superficial  vein.  In  cortical  disease  they  may  continue  after 
hemiplegia  has  become  established  ;  in  deeper  lesions  they  usually  cease  after 
the  onset  of  the  paralysis,  and  if  they  continue  they  usually  affect  only  the 
unparalyzed  side.  The  late  post-hemiplegic  convulsions  usually  affect  only, 
or  chiefly,  the  paralyzed  side. 

Unilateral  or  local  convulsion  often  leaves  behind  it  transient  weakness 
in  the  part  convulsed,  lasting  for  a  few  hours  and  then  passing  away  (post- 
convulsive paralysis).  A  severe  fit  probably  produces  this  weakness  by 
exhausting  the  nerve  elements  (Robertson,  Hughlings  Jackson).  But  similar 
weakness  often  follows  or  accompanies  very  slight  fits,  especially  those  in 
which  the  first  (and  sometimes  the  sole)  discharge  is  sensory,  and  it  is  then 
probably  of  inhibitory  nature.J  If  fits  succeed  each  other  with  great  fre- 
quency for  many  days,  this  paralysis  may  persist  during  the  brief  intervals, 
and  be  very  considerable  in  degree,  but  pass  away  rapidly  after  the  attacks 
have  ceased. 

*  "  Epilepsy,"  1881,  p.  68.  t  Ib->  P-  7°-  X  Ib->  P-  98- 
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The  great  characteristic,  therefore,  of  the  convulsions  of  organic  brain 
disease  is  their  local  commencement.  A  local  fit,  e.  g.,  limited  to  one  limb, 
and  local  commencement  of  a  unilateral  or  general  fit,  have  the  same  signifi- 
cance.- The  difference  is  of  degree  only.  Each  shows  that  the  discharge  in 
the  brain  begins  locally,  and  indicates  a  local  change  causing  a  persistent 
instability  at  the  spot.  But  local  commencement,  while  it  proves  local 
changes  of  nutrition,  does  not  prove  that  the  disease  is  what  is  called  "  or- 
ganic," /.  <?.,  such  as  can  be  detected  by  the  naked  eye,  or  even  by  the  micro- 
scope. Such  local  commencement  is  sometimes  met  with  in  idiopathic 
epilepsy,  but  it  is  very  rare  in  this  form,  in  which  the  common  onset  is  by  a 
general  or  a  visceral  aura,  or  by  initial  loss  of  consciousness.  The  local 
commencement,  therefore,  suggests  organic  disease,  just  as  the  visceral  aura 
(as  a  sensation  at  the  epigastrium),  or,  general  convulsion  without  any  warn- 
ing, suggests  idiopathic  epilepsy.  If  the  local  fits  are  very  slight  and  frequent, 
the  probability  that  there  is  organic  disease  is  very  great,  because  there  must 
be  an  excessive  degree  of  local  instability,  unlikely  to  result  in  idiopathic 
epilepsy,  in  which  the  morbid  state  is  generally  widely  distributed  through 
the  brain,  and  the  instability  is  seldom  confined  to  one  part.  In  all  cases, 
therefore,  in  which  fits  begin  locally,  a  careful  search  must  be  made  for  any 
other  indication  of  organic  disease. 

Tetanic  attacks  have  occasionally,  although  rarely,  been  produced  by  dis- 
ease of  the  cerebellum,  or  by  disease  that  exerts  pressure  under  the  tentorium. 
They  may  last  for  hours,  and,  in  the  rigidity  of  the  extensors  of  the  spine, 
bending  backward  of  the  head,  and  closure  of  the  jaws,  may  closely 
resemble  paroxysms  of  traumatic  tetanus.  It  is  not  at  present  known  whether 
they  originate  from  the  cerebellum  or  from  the  pons.  Forced  movements 
of  the  trunk,  as  a  tendency  to  rotation,  are  extremely  rare,  and  their  signifi- 
cance is  mentioned  in  the  section  on  Localization. 

Hy steroid  convulsions  may  occur  in  various  organic  diseases  of '  the  brain, 
the  result  of  the  general  disturbance  of  the  cerebral  function.  Thus  I  have 
known  them  to  occur  in  many  cases  of  tumor  of  the  brain,  in  meningitis, 
and  even  at  the  onset  of  embolic  hemiplegia.  Their  chief  importance  is 
due  to  the  readiness  with  which  they  may  mislead  in  diagnosis.  The  symp- 
toms of  hysteria  should  never  prevent  a  careful  search  for  any  indications  of 
organic  disease,  and  do  not  in  any  degree  lessen  the  significance  of  the  latter, 
if  such  indications  can  be  found. 

SENSORY  SYMPTOMS. 
Loss  of  Sensation — Hemianesthesia. — Disease  of  the  brain  may  impair 
or  destroy  sensation,  both  in  the  skin,  muscles,  etc.,  and  also  in  the  organs 
of  special  sense.  The  affection,  like  that  of  motion,  is  commonly  unilateral, 
the  side  affected  being  that  opposite  to  the  cerebral  lesion.  It  usually 
depends  on  damage  to  the  fibres  which  conduct  sensation,  and  which  probably 
pass  through  the  te£men:tumj3H:he_£qns,  and  certainly  in  that  of  the  crus, 
and  in  the  posterio^Jhird^of  the  hinder  Jimb  of  the  internal  capsule, 
between  the  extremities  of  the  optic  thalamus  and  lenticular  nucleus,  and 
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thence  radiate  to  the  qentral  and  parietal,  cortex.  Loss  of  sensation  is  some- 
times due  to  disease  of  the  cortex  itself,  but  complete  hemianaesthesia  is  rare 
from  such  disease,  because,  to  produce  it,  a  lesion  must  be  very  extensive. 
Some  of  the  sensory  fibres  are  probably  connected  with  the  optic  thalamus, 
perhaps,  also,  with  the  lenticular  nucleus,  but  the  nature  and  functional  sig- 
nificance of  this  connection  are  not  yet  understood  ;  and  it  is  not  probable 
that  the  activity  of  these  ganglia  influences  consciousness,  or  that  their  disease 
causes  any  loss  of  sensation.  Moreover,  outside  the  posterior  portion  of  the 
optic  thalamus,  the  coronal  fibres  pass  from  the  ojDticjueryes  by  the  posterior 
ejUismiiy  .of  this  ss&s.Oi'yJract,  and  then  leave  it,  to  radiate  to  the  occipital 
lobes.  By  this  sensory  portion  of  the  capsule  also  pass  fibres  from  the  other 
nerves  of  special  sense.  These  special  sense  tracts  have  likewise  undergone 
decussation,  although  that  of  the  optic  nerve  is  incomplete.  Hence  disease 
here  may  cause  loss  of  the  special  senses,  as  well  as  of  common  sensibility  on 
the  opposite  side,  the  affection  of  vision  being  hemianopia.  To  this  region, 
as  we  have  seen  (p.  478),  the  name  "  sensory  crosswav ' '  has  been  given 
by  Charcot. 

Thus  in  the  internal  capsule,  a  common  seat  of  disease,  the  paths  for 
motion  and  sensation  are  separate,  but  contiguous.  It  is  common  for  a 
lesion  to  damage  one  much  and  the  other  but  little  or  not  at  all.  Hence  it 
is  common,  on  the  one  hand,  to  have  hemiplegia  without,  or  with  only  slight, 
impairment  of  sensation  ;  and,  on  the  other  hand,  to  have  hemianaesthesia 
with  but  little  motor  weakness.  But  an  extensive  lesion  may  damage  both. 
Sensory  fibres  seem  to  go  to  the  motor  cortex,  and  it  is  common  for  disease 
there  to  cause  some  impairment  of  sensation,  always  most  marked  in  the 
extremity  of  the  limbs,  and  in  monoplegia  confined  to  the  extremity  of  the 
limb  that  is  weakened.* 

In  ascertaining  the  condition  of  sensation,  it  is  necessary  to  examine  sepa- 
rately the  various  forms  of  sensibility.  The  method  of  making  this  exami- 
nation and  the  precautions  to  be  taken  have  been  already  described  (p.  30). 

Besides  the  ordinary  forms  of  sensory  loss  there  is  one  to  which  much 
attention  has  been  directed.  The  patient  may  be  unconscious  of  the  posi- 
tibn  of  a  limb,  on  active  or  passive  movement.  In  brain  disease  that  causes 
this  defect,  the  power  of  active  movement  is  usually  lost,  but  if  an  extremity* 
e.  g.,  the  hand,  is  placed  in  a  given  posture,  and  the  patient  is  told  to 
imitate  this  posture  with  the  other  hand,  he  may  be  so  far  wrong  as  to  show 
that  he  has  a  very  imperfect  perception  of  the  posture,  and  this  even  when 
there  is  no  demonstrable  impairment  of  cutaneous  sensibility.  The  hand 
and  fingers  should  be  grasped  firmly  by  the  observer,  so  that  the  direction 
of  pressure  may  not  suggest  the  posture.  The  loss  is  regarded  by  M-unk  as  a 
loss  of  the  processes  on  which  "conception  of  posture"  depend,  processes 
that  are,  in  effect,  the  result  of  sensory  (cutaneous  and  muscular)  impres- 
sions. The  loss  is  commonly  supposed  to  be  due  to  cortical  disease,  but  it 
may,  as  I  have  seen,  be  very  distinct  when  the  disease  is  in  the  central 


*See  the  references  on  p.  461 ;  also  Petrina,  Prager  Zeitschr,  f.  Heilk.,  188 1,  ii,  No.  5. 
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ganglia.  Its  actual  significance  has  yet  to  be  established  by  clinical  and 
pathological  observation.  This  may  be  said  also  of  the  loss  of  other  sen- 
sory "  conceptions  "  as  distinguished  from  mere  sensations.  Thus,  when 
tactile  sensibility,  tested  in  the  ordinary  way,  seems  to  be  normal,  the 
patient  may  be  unable  to  recognize  the  nature  of  objects  in  contact  with  the 
skin,  although  they  are  at  once  recognized  when  placed  on  the  unaffected 
side. 

It  will  be  seen,  from  what  has  been  already  said,  that  loss  of  cutaneous  sensi- 
bility may  be  chiefly  on  the  limbs,  and  especially  on  the  extremities  of  the 
limbs,  or  it  may  involve  the  whole  of  one  side,  including  the  trunk  and  the 
head.  It  is  to  the  latter  that  the  term  "  hemianaesthesia  "  is  generally 
applied.  The  loss  often  extends  up  to  the  middle  line,  and  exists  on  the 
mucous  membranes  as  well  as  on  the  skin.  But  it  is  not  always  thus  com- 
plete ;  it  may  be  more  considerable  in  some  parts  than  in  others,  and  may 
even  be  unequally  distributed  over  different  regions  of  the  trunk.  Nor  does 
it  involve  equally  all  forms  of  sensibility;  either  touch  or  pain  may  be 
chiefly  affected.  It  is  often  associated  with  impairment  of  the  special  senses, 
because,  as  we  have  seen,  the  paths  of  special  and  cutaneous  sensibility  are 
contiguous,  and  their  cortical  centres  probably  occupy  adjacent  regions  in 
the  outer  surface  of  the  cerebral  hemisphere.  In  these  cases  vision  may  be 
impaired  either  as  "  hemianopia,"  or  "crossed  amblyopia,"  the  signifi- 
cance of  which  has  been  mentioned  in  the  account  of  the  structure  and 
functions  of  the  brain  ;  their  characters  will  be  described  in  the  account  of 
affections  of  sight. 

Crossed  anaesthesia  of  limbs  and  face  occurs  only  in  disease  of  the  upper 
part  of  the  pons,  affecting  the  fibres  of  the  fifth  nerve  on  one  side  and  the 
path  from  the  limbs  on  the  other.  Bilateral  anaesthesia,  affecting  the  limbs 
on  both  sides,  may  occur  from  disease  of  the  pons,  but  is  seldom  complete. 

Sensory  irritation,  pain  in  the  limbs,  is  sometimes  considerable  when 
the  disease  involves  the  sensory  tract  and  imperfectly  destroys  it.  In  one 
case  of  partial  hemiplegia,  in  which  pains  in  the  limbs  were  very  severe 
during  several  years,  there  was  complete  hemianopia  and  little  loss  of 
cutaneous  sensibility,  so  that  the  disease  had  probably  destroyed  the  opfic 
path  at  the  posterior  extremity  of  the  internal  capsule,  and  had  damaged  the 
latter  sufficiently  to  irritate  the  fibres,  but  not  to  interrupt  conduction. 
Numbness,  tingling,  formication,  etc.,  are  met  with  in  similar  cases,  and  are 
common  at  the  onset  of  acute  lesions  in  this  situation.  Similar  symptoms 
occur  also  in  irritating  disease  of  the  motor  cortex.  Tingling  may  attend 
the  onset  of  local  convulsions  from  disease  in  or  near  the  motor  convolu- 
tions, and  in  cases  of  tumor  of  this  region  the  paralysis  is  sometimes  accom- 
panied by  much  pain  in  the  limbs,  increased  by  passive  movements,  and 
these  may  excite  convulsive  attacks.  Pain  in  the  region  of  the  fifth  nerve 
is  frequent  when  there  is  disease  of  its  fibres  or  nucleus,  and  is  often  the  first 
symptom  of  such  a  lesion.  An  instance  is  afforded  by  the  case  illustrated 
in  Fig.  234.  The  spot  of  softening  near  the  nucleus  of  the  fifth  caused  severe 
neuralgic  pain  in  the  region  of  the  distribution  of  the  nerve.     Similar  symp- 
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toms  of  irritation  of  the  special  senses  are  met  with  in  disease  of  their  paths 
or  centres,  especially  in  association  with  convulsive  seizures  (p.  525),  and  are 
further  considered  in  the  special  account  of  the  nerves  concerned. 

Headache. — Pain  in  the  head  is  a  frequent  symptom  of  organic  brain 
disease.  At  the  same  time,  it  is  far  more  common  apart  from  such  disease, 
as  a  result  of  what  we  call  "functional"  disturbance,  of  morbid  blood 
states,  or  of  gastric  derangement,  etc.  Moreover,  the  pain  of  neuralgia  in 
the  wall  of  the  cranium  often  resembles  the  pain  of  organic  disease.  Hence 
the  mere  occurrence  of  headache  is  of  little  significance.  Its  character  is 
somewhat  suggestive,  and  still  more  frequently  its  severity ;  but  the  chief 
significance  of  pain  in  the  head  is  derived  from  its  associations. 

The  pain  of  organic  disease  varies  much  in  degree.  It  is  sometimes 
intensely  severe,  and  is  also  constant.  Paroxysmal  exacerbations  occur,  but 
the  pain  does  not  cease  during  the  intervals,  and  it  often  prevents  sleep. 
The  latter  is  an  important  characteristic,  because  other  forms  of  headache 
rarely  keep  the  patient  awake.  The  precise  character  of  the  pain  varies 
much;  it  maybe  dull  or  acute,  but  it  is  almost  always  an  actual  pain. 
Cephalic  sensations  other  than  pain,  such  sensations  as  those  of  "  pressure," 
"weight,"  '"creeping,"  etc.,  seldom  result  from  organic  disease,  while 
they  are  common  in  functional  disorders.  The  pain  of  organic  disease  is 
almost  always  increased  by  whatever  augments  the  blood  pressure  in  the 
skull,  such  as  effort,  cough,  stooping.  In  situation  it  may  be  general,  or  in 
the  frontal  or  occipital  regions,  or  in  any  part  of  one  side.  The  disease 
causing  the  pain  is  sometimes  in  the  part  of  the  head  to  which  the  pain  is 
referred,  but  there  is  a  close  correspondence  between  the  two  only  in  some 
cases  of  disease  at  or  near  the  surface  of  the  brain.  The  pain  from  disease 
beneath  the  tentorium  is  generally  felt  in  the  occiput  and  back  of  the  neck. 
But  frontal  pain  may  be  due  to  disease  anywhere  in  the  cerebral  hemispheres, 
and  has  been  known  to  result  even  from  cerebellar  disease. 

The  intracranial  maladies  that  cause  headache  are  for  the  most  part  active, 
irritating  diseases,  such  as  inflammation,  tumor,  abscess  and  the  like.  If 
active  growth  and  irritation  cease,  the  pain  usually  lessens,  and  may  even  be 
no  longer  felt,  in  spite  of  the  persistence  of  the  disease  in  a  stationary,  con- 
dition. Diseases  that  increase  intracranial  pressure,  without  causing  tissue 
irritation,  such  as  internal  hydrocephalus,  may  also  cause  pain,  but  often 
run  an  almost  painless  course.  These  facts,  together  with  the  readiness 
with  which  headache  occurs  apart  from  organic  disease,  make  it  difficult  to 
give  a  satisfactory  explanation  of  the  mechanism  by  which  the  pain  is  caused. 
We  do  not  even  know  in  what  structure  the  pain  is  really  felt.  The  dura 
mater  receives  sensory  fibres,  and,  when  inflamed,  may  unquestionably  be 
the  seat  of  pain.  Only  sympathetic  fibres  have  been  traced  into  the  pia 
mater,  but  other  organs  which  receive  only  sympathetic  fibres  may  be 
painful  when  inflamed,  and  acute  pain  attends  meningitis  when  the  dura 
mater  is  but  little  affected.  The  cerebral  substance  seems,  under  normal 
conditions,  to  be  destitute  of  sensibility ;  but  from  this  fact  the  assumption 
has  perhaps  been   too  hastily  made,  that  it  cannot  be   the   seat  of  pain 
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when  diseased.  It  should  be  remembered  that  the  normal  sensibility  of  the 
peritoneum  would  not  prepare  us  for  the  intense  pain  of  peritonitis.  In  the 
brain,  intense  pain  may  be  caused  by  very  small  lesions  which  do  not  come 
near  the  surface. 

Of  the  associations  of  headache  in  organic  disease  (besides  local  derange- 
ment of  function)  vomiting  and  optic  neuritis  are  especially  important.  The 
vomiting  often  occurs  during  the  severer  paroxysms  of  pain,  and  patients 
sometimes  say  that  the  pain  "seems  to  make  them  vomit."  The  associa- 
tion with  optic  neuritis  is  also  of  great  importance,  but  is  not  pathognomonic, 
since  the  two  occur  together  in  some  cases  of  anaemia  and  of  kidney  disease. 

Vertigo. — The  word  means,. literally,  a  turning,  and  is  used  to  designate 
either  an  actual  rotation  of  the  patient,  or  a  sensation  of  rotation,  or  a  sen- 
sation of  movement  in  some  direction  (which  may  not  actually  amount  to  a 
sense  of  turning),  or  a  correlated  impression  that  other  objects  are  moving. 
This  involves  a  lessened  perception  of  the  relation  of  the  individual  to  exter- 
nal objects,  i.  <?.,  a  slight  obscuration  of  consciousness.  Hence  the  corre- 
sponding English  word  "giddiness,"  and  still  more  the  looser  term 
"dizziness,"  are  applied  to  a  slight  dulling  of  consciousness,  not  amount- 
ing to  actual  loss,  although  there  is  no  sense  of  movement  objective  or 
subjective.  In  pure  vertigo  there  is  no  actual  loss  of  consciousness,  although 
this  may  be  obscured  at  the  height  of  an  intense  attack. 

Vertigo  is  a  frequent  symptom,  apart  from  organic  disease.  It  results 
from  many  causes,  and  is  therefore  described  more  fully  in  a  later  part  of 
this  volume.  Like  headache,  it  does  not  in  itself  suggest  intracranial 
disease,  and  derives  its  significance  chiefly  from  its  associations.  Of 
these,  vomiting  has  not  the  -significance  which  it  has  when  associated  with 
headache.  Intense  giddiness,  whatever  its  origin,  usually  causes  vomiting, 
and  this  does  not,  therefore,  do  more  than  emphasize  the  fact  that  the  ver- 
tigo was  severe.  This  symptom  may  be  caused  by  disease  in  almost  any 
part  of  the  brain,  and  by  disease  of  various  nature.  It  is  most  common  in' 
lesions  of  the  cerebellum  and  of  the  pons,  especially  at  the  side  of  the  pons, 
involving  the  middle  peduncle  of  the  cerebellum.  A  lesion  here  sometimes 
causes  not  only  a  sensation  of  turning,  but  an  actual  rotation.  When  due 
to  disease  elsewhere,  it  occurs  chiefly  as  a  symptom  of  irritation,  as  part  of 
slight  "discharges."  This  association  is  seen  in  epilepsy,  in  which  vertigo 
is  frequently  the  earliest  subjective  intimation  of  an  attack,  severe  or  slight. 

MENTAL  SYMPTOMS. 
The  mental  functions  of  the  brain  are  frequently  disturbed  in  organic 
disease,  and  their  derangement  chiefly  depends  on  disturbance  of  the  cor- 
tex. Such  disturbance  may,  however,  be  produced  by  disease  at  a  distance, 
as  well  as  by  organic  changes  in  the  convolutions  themselves.  With  the 
much-disputed  question  of  the  relation  of  mind  to  brain,  the  physician  has 
nothing  to  do.  It  is  enough  for  him  to  recognize  that  mental  manifesta- 
tions and  cerebral  activity  invariably  coincide,  and  that  the  character 
of  cerebral  processes  in   some   way  determines   the   character  of  mental 
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processes — in  some  way  determines  mental  states.  The  tendency  of  the 
most  advanced  psychology  of  the  present  day  is  to  keep  carefully  distinct 
the  two  series  of  phenomena.  In  the  study  of  diseases  of  the  brain  we 
are  concerned  only  with  cerebral  processes.  Unfortunately,  however,  the 
,  chief  terms  available  are  those  of  psychology,  and  we  are  obliged,  therefore, 
to  speak  of  mental  processes  when  all  that  we  need  to  speak  of,  and  are 
indeed  justified  in  speaking  of,  are  cerebral  processes.  However  undesir- 
able such  a  confusion  may  be,  it  is  practically  unavoidable. 

The  changes  which  occur  in  mental  processes  as  a  result  of  organic  brain 

•  disease  consist  for  the  most  part  in  exaltation,  perversion,  or  defect,  and 

these  are  often  combined.     These  changes  may  be  manifested  by  loss  of 

consciousness,  by  delirium,  or  by  chronic  mental  failure,  and  are  also  seen, 

in  a  more  restricted  form,  in  cerebral  affections  of  speech. 

Loss  of  Consciousness. — The  highest  general  function  of  the  convolu- 
tions subserves  consciousness,  and  loss  of  consciousness  is  one  of  the  most 
important  and  most  frequent  symptoms  of  cerebral  disease.  The  terms 
"conscious"  and  "consciousness"  are,  however,  used  in  two  senses: 
first,  to  signify  the  subjective  knowledge  of  the  occurrence  of  mental  pro- 
cesses ;  secondly,  to  designate  the  outward  manifestations  of  such  processes. 
In  medical  language  the  term  is  chiefly  employed  in  the  latter  sense.  A 
patient  is  said  to  be  "unconscious,"  or  to  have  "lost  consciousness," 
when  there  is  no  spontaneous  evidence  of  mental  action,  and  none  can  be 
elicited  by  sensory  stimulation.  Hence  the  term  "insensible"  is  often 
used  in  the  same  manner.  Another  confusion  is  introduced  by  the  frequent 
relative  use  of  the  words  "  conscious  of"  in  the  sense  of  cognition  or  know- 
ing. Thus  a  delirious  patient  may  be  said  to  be  unconscious  of  what  is 
occurring  around  him,  although  he  is  not  said  to  be  unconscious. 

Loss  of  consciousness  may  occur  suddenly  or  gradually,  and  may  vary  in 
degree,  as  is,  indeed,  implied  in  the  statement  that  its  onset  may  be  gradual. 
The  variation  may  be  in  the  degree  of  subjective  consciousness,  or  in  the 
external  manifestations  of  consciousness.  It  is  to  the  latter  that  the  term 
"partial  loss  of  consciousness  "  is  commonly  applied,  as,  for  instance,  in 
the  case  in  which  a  patient  seems  to  be  asleep,  but  opens  his  eyes  for  a 
moment  when  spoken  to,  and  then  relapses  into  his  former  state.  Such 
state  of  partial  loss  is  sometimes  termed  "  stupor. ' '  Complete  loss  of  con- 
sciousness, in  which  a  patient  cannot  be  roused,  is  termed  "  coma,"  if  it  is 
prolonged.  In  stupor,  the  reflex  action  in  the  limbs  is  preserved,  and  may 
be  increased,  the  lower  centres  being  in  an  over-active  state  from  the 
deficiency  of  cerebral  control,  and  the  patient  swallows,  automatically, 
liquids  placed  in  the  mouth.  In  coma,  the  reflex  aciion  in  the  limbs  may 
be  preserved,  but  it  is  often  lessened  or  lost  in  the  more  severe  degrees,  the 
depressed  condition  of  the  highest  centres  being  apparently  propagated 
downward  to  the  lower.  Swallowing  is  possible  only  in  the  less  intense 
degrees  of  coma.  In  severe  cases,  muscular  tone  throughout  the  body  may 
give  place  to  flaccidity,  and  myotatic  irritability  may  be  lost.  The  pupils 
may  be  widely  dilated  or  small ;  in  stupor  they  act  to  light ;  but  in  deep 
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coma  they  are  motionless,  and  the  conjunctivas  may  be  touched  without  the 
occurrence  of  any  reflex  contraction  of  the  eyelids.  When  the  reflex  action 
of  swallowing  is  lost,  the  palate  generally  shares  the  muscular  relaxation, 
and,  moved  by  the  respiratory  current  of  air,  causes  a  peculiar  "  stertor," 
which  is  a  familiar  indication  of  the  depth  of  coma.  Even  the  respira-, 
tory  movements  become  lessened,  apparently  in  consequence  of  lowered 
activity  of  the  respiratory  centre ;  they  become  shallow,  infrequent,  and 
sometimes  present  other  variations,  such  as  the  "  Cheyne-Stokes  rhythm  ;  " 
these  are  described  elsewhere.  The  lessened  respiratory  movements  do  not 
clear  the  air  passages  of  the  secretion,  which  accumulates  in  the  tubes  (often 
erroneously  regarded  as  evidence  of  bronchitis),  and  finally  even  in  the 
trachea,  causing  the  familiar  "rattle  "  which  is  popularly  and  rightly  recog- 
nized as  a  frequent  harbinger  of  death. 

Loss  of  consciousness  is  the  result  of  the  interference  with  the  highest 
functions  of  the  brain,  those  that  are  the  most  readily  deranged,  and  it  may 
be  produced  by  almost  any  one  of  the  morbid  processes  to  which  the  brain 
is  liable.  Chronic  diseases  cause  it  chiefly  when  they  affect  a  considerable 
area  of  the  cortex,  but  it  may  result  from  sudden  lesions  in  any  part  of  the 
brain;  it  is  then  termed  "  apoplexy." 

Loss  of  consciousness  may  be  due,  however,  to  other  causes  than  organic 
disease.  It  is  one  of  the  most  common  elements  of  epileptic  seizures,  and 
also  occurs  when  the  action  of  the  nerve  cells  is  interfered  with  by  an  im- 
perfect supply  of  blood  (as  in  acute  anaemia  and  syncope),  when  the 
renewal  of  the  blood  is  hindered  by  mechanical  congestion,  and  also  when 
the  blood  conveys  to  the  brain  toxic  material  that  interferes  with  the  action 
of  the  nerve  cells — material  either  engendered  within  the  body  (as  in 
uraemia)  or  entering  from  without  (as  in  various  forms  of  poisoning). 

Apoplexy. — When  coma  comes  on  suddenly  it  is  termed  apoplexy.  The 
word  means,  by  its  etymology,  a  striking  from,  and  was  used  by  the  Greeks, 
and  is  still  used,  to  signify  sudden  abolition  of  consciousness  and  power  of 
motion  ;  and  thus,  in  popular  English  also,  is  often  called  a  stroke.  Cerebral 
hemorrhage  being  the  most  frequent  cause  of  this  condition,  "  hemorrhage 
into  the  brain  "  and  "apoplexy  "  came  to  be  used  as  synonymous  expressions. 
Subsequently,  the  hemorrhage  was  itself  spoken  of  as  the  "apoplexy,"  the 
word  being  thus  used  to  designate  the  pathological  condition  causing  the 
symptoms  which  it  at  first  epitomized.  Ultimately  it  was  applied  to  a  simi- 
lar pathological  state  elsewhere,  and  thus  hemorrhages  into  the  substance  of 
the  lung,  the  spleen,  or  the  retina  were,  and  still  are,  termed  pulmonary, 
splenic,  or  retinal  "apoplexies."  Such  a  use  of  the  word  is  alike  needless 
and  inaccurate. 

The  chief  cause  of  apoplexy  is  a  sudden  organic  cerebral  lesion,  and  the 
most  effective  is  intracranial  hemorrhage.  It  may  also  result  from  laceration 
of  the  brain,  from  simple  concussion,  and  also  from  the  sudden  arrest  of  the 
blood  supply  to  a  part  of  the  brain,  whether  by  a  clot  brought  from  a  dis- 
tance (embolism)  or  formed  at  the  spot  (thrombosis).  It  probably  results, 
in  rare  cases,  from  congestion  of  the  brain,  although  far  less  frequently  than 
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is  commonly  supposed.*  A  similar  condition  may  come  on  in  the  old  with- 
out any  visible  lesion  by  which  it  can  be  caused.  This  has  been  termed 
"  simple  apoplexy."  In  the  old  the  brain  is  shrunken,  the  convolutions  are 
small,  and  the  spaces  between  them  are  occupied  by  serum.  Before  this 
fact  was  recognized,  undue  importance  was  attached  to  this  serum  in  the 
cases  of  "simple  apoplexy;  "  it  was  thought  to  be  the  cause  of  the  symp- 
toms, and  the  condition  was  termed  "serous  apoplexy,"  a  disease  that  has 
no  real  existence,  although  the  word  is  still  sometimes  to  be  heard  at  inquests 
and  to  be  seen  on  certificates  of  death. 

The  characteristic  feature  of  apoplexy  is  sudden  and  prolonged  loss  of 
consciousness,  not  due  to  failure  of  the  heart's  action.  The  onset  may  be 
so  sudden  that  the  patient,  without  warning,  falls  insensible,  as  if  "  struck 
down  "  by  some  unseen  hand.  Sometimes  it  is  attended  with  a  convulsion. 
Occasionally  it  is  slow  and  gradual,  occupying  many  hours  in  development 
("ingravescent  apoplexy").  The  face  may  be  flushed  or  pale,  but  it  is 
rarely  very  pale.  The  heart  and  arteries  beat,  often  with  greater  force,  and 
sometimes  less  frequently  than  normal.  The  condition  is  that  of  coma, 
already  described.  In  a  case  of  moderate  severity,  the  reflex  action  soon 
returns,  and  the  patient,  after  a  few  hours,  presents  some  indication  of 
returning  consciousness,  may  make  some  movements,  and  may  open  his  eyes 
when  spoken  to.  On  the  other  hand,  in  severe  cases,  the  coma  may  continue 
and  deepen  in  intensity,  and  the  patient  dies,  usually  from  the  interference 
with  breathing  described  in  the  account  of  coma,  less  commonly  from  arrest 
of  the  action  of  the  heart.  Occasionally,  death  occurs  at  the  end  of  an 
hour  or  two,  or  even  less  (see  Cerebral  Hemorrhage). 

It  is  not  often,  however,  that  there  is  only  this  general  loss  of  cerebral 
function,  uniformly  distributed,  and  gradually  deepening  or  passing  away. 
Much  more  commonly  the  symptoms  of  a  local  cerebral  lesion  are  added  to 
those  of  apoplexy.  Such  symptoms — unilateral  weakness  or  convulsion — 
may  precede  the  loss  of  consciousness,  or  they  may  be  recognized  during 
the  attack  by  the  indications  mentioned  on  p.  512.  As  the  patient  recovers, 
these  symptoms  become  more  and  more  distinct,  and  the  patient  may  be 
found  to  have  lost  the  use  of  language. 

In  ingravescent  apoplexy  the  commencement  of  the  cerebral  mischief  may 
be  marked  by  symptoms  of  general  shock.  There  is  commonly  pain  in  the 
head,  and  there  may  be  other  local  symptoms.  In  the  course  of  some  hours, 
or  rarely  a  day  or  two,  consciousness  gradually  becomes  impaired,  and  coma 
comes  on  and  deepens.  This  form  of  apoplexy,  first  described  by  Aber- 
crombie,  is  usually  due  to  a  slowly  increasing  cerebral  hemorrhage. 

The  temperature  in  cerebral  apoplexy  is  at  first  lowered,  but  usually  the 
fall  is  small,  and  is  succeeded,  after  twelve  to  twenty-four  hours,  by  a  rise.  Its 
exact  course  varies  considerably  according  to  the  cause  of  the  apoplexy,  and 
will  be  described  in  the  account  of  the  several  lesions.     An  important  excep- 

*  The  possibility  of  congestive  apoplexy  has  been  denied  on  theoretical  grounds,  but  the 
clinical  evidence  of  its  occurrence  is  strong.     See  the  chapters  on  "  Hyperemia." 
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tion  to  the  initial  fall  is  presented  by  some  cases  of  a  sudden  lesion  of  the 
pons  or  medulla,  in  which  the  temperature  at  once  begins  to  rise,  and  may 
attain  a  hyperpyrexial  elevation  in  the  course  of  two  or  three  hours. 

The  mechanism  by  which  apoplexy  is  immediately  produced  has  been  a 
matter  of  dispute.  The  condition  was  formerly  ascribed  to  the  pressure 
exerted  by  the  clot  on  the  rest  of  the  brain,  either  influencing  directly  the 
cerebral  tissue,  or  pressing  on  and  emptying  its  capillaries  (Niemeyer). 
That  such  pressure  is  exerted  by  a  large  hemorrhage  is  unquestionable.  That 
an  increase  of  the  intracranial  pressure  will  cause  loss  of  consciousness  is  also 
certain.  A  dog  becomes  unconscious  when  there  is  a  pressure  on  the  surface 
of  the  brain  equal  to  a  column  of  mercury  130  mm.  high.  It  is  highly 
probable  that  the  intensity  of  apoplexy  is  due  in  part  to  this  cause.  But 
this  will  not  explain  the  occurrence  of  the  symptom  in  small  hemorrhages,  by 
which  no  general  pressure  is  exerted,  or  not  more  than  is  at  once  relieved 
by  the  displacement  of  the  mobile  fluid  which  surrounds  the  vessels.  It  will 
not  explain  the  occurrence  of  apoplexy  in  laceration  of  the  brain,  or  the 
early  loss  of  consciousness  in  severe  hemorrhage,  in  which,  as  Jaccoud  insists, 
it  should,  if  merely  due  to  pressure,  be  a  late  rather  than  an  early  symptom. 
Moreover,  it  will  not  explain  the  apoplexy  which  results  from  the  sudden 
closure  of  a  large  vessel,  a  lesion  that  involves  no  increase  in  the  intracranial 
pressure.  There  can  be  little  doubt,  from  these  considerations,  and  from 
the  cases  in  which  there  is  no  recognizable  brain  lesion,  that  the  increase  of 
intracranial  pressure  is  not  the  only,  and  perhaps  not  the  chief,  element  in 
the  production  of  apoplexy.  The  one  element  common  to  all  cases  of 
apoplexy  from  organic  disease  is  the  suddenness  of  the  lesion.  Hence  it 
has  been  generally  recognized  that  one  mechanism  of  sudden  apoplexy  must 
be  an  arrest  of  function  in  the  cortex  ("  inhibition  "  in  current  phraseology) 
by  the  irritation  of  the  sudden  lesion.  The  more  suddenly  the  lesion  is  pro- 
duced the  more  energetic  will  be  this  influence ;  the  more  gradual  the  lesion 
the  slighter  the  inhibition.  It  may  thus  be  absent  at  the  onset  of  a  slow 
hemorrhage.  The  increase  in  the  intracranial  pressure  is  effective  chiefly  in 
hemorrhage ;  it  develops  gradually,  and  doubtless  intensifies  and  maintains 
the  coma  in  severe  cases,  and  is  the  reason  why  this  is  deeper  and  more  pro- 
longed in  hemorrhage  than  in  vascular  occlusion.  Moreover,  pressure  is  most 
effective  when  rapidly  developed.  Duret  has  shown  that  compression  slowly 
applied  has  to  be  ten  times  as  great  to  produce  the  same  effect  as  when  it  is 
suddenly  applied.  In  slow  hemorrhage  pressure  may  be  the  chief  mechanism, 
but  the  amount  of  hemorrhage  has  to  be  greater,  and  hence,  when  conscious- 
ness is  lost  in  such  cases,  the  patient  rapidly  passes  into  a  state  of  great  danger. 

Although  apoplexy  is  merely  a  symptom,  and  not  an  independent  disease 
of  the  brain,  it  is  convenient  to  consider  the  more  important  elements  of 
the  differential  diagnosis  of  the  condition.  From  the  unconsciousness  due 
to  cardiac  syncope,  apoplexy  is  easily  distinguished.  In  the  former  the 
heart's  action  fails,  the  pulse  is  weak  and  imperceptible,  the  face  is  very 
pale,  the  respiration  may  be  sighing  and  irregular,  reflex  action  is  rarely 
abolished,  and  the  sphincters  are  not  relaxed. 
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From  the  several  forms  of  toxmmia  the  diagnosis  is  often  easy,  sometimes 
extremely  difficult.  It  is  easy  when,  on  the  one  hand,  the  symptoms  of 
apoplexy  are  preceded  or  accompanied  by  those  of  a  local  cerebral  lesion, 
or  when,  on  the  other  hand,  the  direct  or  circumstantial  evidence  of 
poisoning  is  clear,  or  the  symptoms  of  toxaemia  unmistakable.  Where 
there  are  no  local  symptoms,  and  where  no  guiding  history  is  to  be 
obtained,  the  diagnosis  is  difficult,  but  a  correct  opinion  may  com- 
monly be  formed  by  an  attentive  comparison  of  the  symptoms  present. 
There  may  be,  as  just  observed,  indirect  evidence  of  toxaemia ;  the 
breath  may  smell  of  opium  or  alcohol;  the  urine  may  contain  albumen. 
But  albuminuria  or  a  smell  of  spirits  may  mislead.  Cerebral  hemorrhage 
often  occurs  after  drinking  ;  spirit  is  frequently  given  to  a  person  in  a  fit. 
A  smell  of  spirit  must,  therefore,  only  be  allowed  weight  in  the  absence  of 
any  evidence  of  cerebral  mischief.  So,  too,  albumen  is  always  present  in 
the  urine  in  uraemia,  but  it  is  also  frequently  present  in  cases  of  cerebral 
hemorrhage.  Alone,  this  evidence  of  Bright's  disease  is  of  little  value, 
except  there  be  general  oedema  and  the  patient  be  young ;  then  uraemia  is 
more  probable  than  vascular  degeneration  and  cerebral  hemorrhage..  But 
with  other  symptoms  that  indicate  uraemic  poisoning,  albuminuria  is  conclu- 
sive. Hence  the  age  of  the  patient  is  an  important  element  in  the  diagnosis. 
Late  life  is  in  favor  of  brain  disease.  The  history  of  a  fall  or  blow  on  the 
head  adds  weight  to  other  symptoms  of  cerebral  mischief. 

The  character  of  the  coma  will  sometimes  guide.  In  uraemia,  and  com- 
monly in  alcoholism,  it  is  less  profound  than  in  cerebral  disease.  The 
patient  can  be  aroused,  at  least  partially.  Ih  apoplexy,  in  opium  poison- 
ing, and  in  the  most  intense  alcoholic  poisoning,  the  coma  may  be  profound. 
On  the  other  hand,  the  patient  may  sometimes  be  roused  to  answer  ques- 
tions in  cerebral  hemorrhage,  and  still  more  frequently  in  cerebral  soften- 
ing. Violent  struggling  is  strongly  in  favor  of  drink.  The  mode  of  onset 
is  important.  In  apoplexy  it  is  usually  sudden  ;  in  uraemia  it  is  usually  slow. 
The  uraemic  patient  becomes  first  drowsy,  then  comatose.  But  with  con- 
vulsions uraemic  coma  may  come  on  suddenly.  The  onset  of  the  coma  of 
opium  and  alcohol  poisoning  is  also  slow.  Ingravescent  apoplexy  is  of 
deliberate  onset,  but  a  profound  degree  of  coma  is  quickly  reached. 

General  convulsions  at  the  onset  exclude  drunkenness,  and  also  opium 
poisoning,  while  they  favor  uraemia.  Apoplexy  sometimes  commences  with 
a  convulsion,  and  if  the  convulsion  is  unilateral  it  is  strong  evidence  of 
brain  disease.  Rigidity  of  limbs  or  local  muscular  twitching  during  the 
coma  is,  if  constant  in  seat,  in.  favor  of  cerebral  mischief;  if  variable  in 
position  it  is  in  favor  of  uraemia.  Post-epileptic  coma  is  of  course  preceded 
by  a  convulsion,  and  should  be  borne  in  mind. 

The  state  of  the  pupils  is  alone  of  little  importance.  Great  contraction 
occurs  in  and  suggests  opium  poisoning,  but  it  is  also  present  in  hemorrhage 
into  the  pons  Varolii.  The  pupils  may  be  normal  or  dilated  in  uraemia,  in 
alcoholic  or  opium  poisoning,  and  in  apoplexy.  Inequality  of  pupils,  a 
unilateral  symptom,  points  to  brain  mischief.     The  retina  should  be  exam- 
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ined,  since  the  presence  of  albuminuric  retinitis,  in  the  absence  of  the  signs 
of  a  localized  cerebral  lesion,  points  strongly  to  ursemia. 

Lastly,  the  temperature  should  be  noted.  In  uraemia  there  is  persistent 
uniform  depression ;  in  cerebral  lesions  the  initial  depression  is  succeeded 
by  a  rise  to  a  point  above  the  normal.  But  it  should  be  remembered  that 
the  temperature  may  be  raised  in  ursemia  by  some  local  inflammation,  such 
as  pneumonia.  I  have  known  this  to  cause  an  error  in  diagnosis.  Hence  it 
is  most  important  that  the  examination  should  be  thorough. 

The  differential  diagnosis  of  the  cause  of  cerebral  apoplexy  will  be 
described  more  fully  under  the  heads  of  cerebral  congestion,  hemorrhage, 
and  softening.*  "Simple  apoplexy"  cannot  be  diagnosed  during  life, 
since  freedom  from  the  symptoms  of  a  local  lesion  does  not  afford  ground 
for  inferring  that  there  is  no  such  lesion.  The  prognosis  and  treatment  of 
the  condition  are  those  of  the  lesions  causing  it,  and  are  described  in  the 
account  of  those  diseases. 

Delirium. — Instead  of  arrest  of  the  manifestation  of  mental  processes, 
these  may  be  perverted,  and  the  perversion  may  be  manifested  in  speech  or 
action.     This  condition  is  termed  delirium. 

The  characteristic  of  healthy  mental  processes  is,  that  they  are  in  harmony 
with  the  actual  sensory  impressions  of  the  present  or  with  the  memory  of 
those  of  the  past.  In  delirium  this  concord  is  lost.  Mental  processes 
cease  to  correspond  to  reality.  There  are  false  ideas,  "delusions;"  or 
sensory  images  without  sensory  impressions,  "hallucinations;"  or  actual 
sensory  impressions  excite  erroneous  sensory  images,  "illusions,"  which 
may  or  may  not  seem  to  the  pdtient  to  be  true.f  The  condition  of  delir- 
ium is  essentially  the  same  as  that  which  constitutes  insanity,  but  the  term 
"  delirium  "  is  usually  confined  to  the  acute  mental  derangement  that  occurs 


*  A  reader  who  desires  a  description  of  the  general  diagnosis  of  the  cause  of  apoplexy  will 
find  it  in  my  lectures  on  "  Diagnosis  of  Diseases  of  the  Brain." 

f  These  three  terms  have  been  variously  used  by  different  writers  on  mental  disease,  and 
the  resulting  confusion  has  been  increased  by  still  greater  variety  of  use  in  non-medical 
writings,  and  of  definition  in  dictionaries.  The  term  "  illusion  "  is  widely  used,  and  is  cer- 
tainly needed,  to  express  erroneous  sensory  conceptions  in  which  the  error  depends  on  the 
nature  of  the  sense  impression  itself,  and  is  or  may  be  recognized.  Thus,  the  impression  of 
relief  in  the  stereoscopic  image  is  an  illusion.  It  is  mainly  in  this  sense  that  the  word  has 
been  made  by  Sully  the  title  of  a  book  ("Illusions,''  Internal.  Scientific  Series).  In  this 
sense  the  word  was  used  by  Bacon  and  by  Pope,  and  the  use  corresponds  with  the  original 
meaning  of  the  word,  a.  "deception."  If  used  in  connection  with  morbid  mental  states  it 
should  be  confined  to  false  ideas  and  images,  the  falseness  of  which  the  patient  recognizes ; 
for  these  a  word  is  needed,  and  some  writers  have  thus  limited  it.  "  Hallucination,"  by  its 
derivation,  is  associated  with  mental  disease,  and  may  conveniently  be  restricted,  as  was  sug- 
gested by  Esquirol,  to  "  sensations  perceived  at  a  time  when  there  are  no  appropriate  external 
objects  to  excite  them."  This,  also,  is  not  inconsistent  with  old  usage.  "  If  vision  be  abol- 
ished it  is  called  ccecitas  or  blindness,  if  depraved  and  receives  its  objects  erroneously,  hallu- 
cination" (Sir  J.  Brown,  "Vulg.  Errors,"  1646).  The  use  of  "  delusion"  to  designate 
erroneous  ideas,  and  not  merely  erroneous  sensory  perceptions,  also  agrees  with  the  common 
use  of  the  word,  but  it  is  a  term  of  move  general  application  than  the  others. 
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as  a  consequence  of  organic  brain  disease,  of  pyrexia,  of  toxsemic  condi- 
tions, or  of  inanition.  In  these  conditions  the  disease  of  which  it  is  a 
symptom  is  otherwise  recognizable.  The  similar  mental  state  which  occurs 
apart. -from  these  conditions,  and  which  constitutes  the  sole  evidence  of 
disease,  is  regarded  as  "  insanity."  Delirium  is  due  to  brain  disease  much 
less  frequently  than  to  toxemic  states. 

Delirium  may  be  " quiet  "  or  "active."  In  quiet  delirium  there  are  delu- 
sions and  hallucinations  (especially  of  sight)  which  dominate  the  patient's 
ideas.  He  does  not  recognize  his  friends,  mistakes  inanimate  objects  for 
persons,  animals,  etc.,  and  often  talks  almost  continuously,  but  usually  in  a 
low,  monotonous  voice,  with  words  imperfectly  finished,  so  that  considerable 
attention  may  be  needed  to  ascertain  what  is  said — a  condition  which  is 
amptly  termed  "low,  muttering  delirium."  On  the  other  hand,  in  "active 
delirium"  the  patient  tries  to  act  according  to  his  erroneous  ideas;  he  may 
insist  on  getting  out  of  bed,  going  down  stairs  or  out  of  doors,  and  may 
even,  under  the  guidance  of  some  delusion,  jump  out  of  a  window,  or  com- 
mit suicide  in  some  other  way. 

Although  the  general  elements  of  delirium  are  identical  with  those  of  the 
mental  derangement  termed  insanity,  yet  certain  common  features  of  in- 
sanity are  rarely  seen  in  delirium.  Such  are  the  extreme  and  persistent 
emotional  depression  of  melancholia,  the  exaggeration  of  idea  which  charac- 
terizes some  cases  of  general  paralysis  of  the  insane,  the  outrageous  delusions 
of  personal  identity  met  with  in  the  latter  and  in  some  cases  of  chronic 
insanity ;  and,  lastly,  the  rhetorical  loquacity  of  acute  mania,  is,  to  say  the 
least,  extremely  rare  in  symptomatic  delirium. 

Among  organic  brain  diseases  that  cause  this  symptom,  the  most  frequent 
are  meningitis,  cerebritis,  tumors,  multiple  or  extensive  softening,  and  mul- 
tiple degenerations  (e.g.,  scleroses). 

There  is  little  in  the  mere  character  of  the  delirium  to  indicate  which,  of 
its  many  causes,  is  at  work.  In  toxic  delirium,  especially  that  due  to  acute 
alcoholism,  there  is  often  conspicuous  tremor  of  the  hands  and  face,  and 
there  are  usually  the  visual  hallucinations  that  have  furnished  a  familiar 
metaphor  by  which  it  is  popularly  known.  Chronic  alcoholic  delirium  may 
present  none  of  these  characteristics.  The  chief  difficulty  is  the  distinction 
between  the  delirium  due  to  pyrexia,  and  that  symptomatic  of  organic  brain 
disease.  If  delirium  is  the  sole  nervous  symptom,  it  can  only  be  accepted 
as  evidence  of  brain  disease  when  the  temperature  is  normal,  or,  at  least,  is 
not  raised  more  than  one  or  two  degrees.  Those  who  have  indulged 
excessively  in  alcohol  may  indeed  be  rendered  delirious  by  a  slight  degree 
of  pyrexia,  and  the  delirium  is  then  of  complex  origin ;  but  in  the  sober, 
pyrexial  delirium  scarcely  ever  occurs  unless  the  temperature  exceeds  ioi°. 
In  the  presence,  therefore,  of  sufficient  fever  to  account  for  delirium  we  are 
not  justified  in  assigning  it  to  a  primary  disease  of  the  brain,  unless  other 
symptoms  of  such  disease  are  present.  These  may  be  extremely  varied  in 
character,  but  one  of  the  most  important  is  headache.  As  Sir  William 
Jenner  insisted,  forty  years  ago,  the  headache  of  fever  ceases,  as  a  rule, 
34 
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when  the  delirium  comes  on,  and  if  the  two  coexist  there  is  probably  ence- 
phalic disease.  Other  significant  symptoms  are  persistent  vomiting,  spasm 
or  rigidity  in  limbs  or  neck,  inequality  of  pupil,  strabismus  or  diplopia,  and 
optic  neuritis.  Optic  neuritis  now  and  then  succeeds  an  acute  specific 
fever  (especially  typhoid  and  scarlet  fevers),  but  it  does  not  come  on  during 
the  height  of  the  disease.  In  other  cases,  the  early  symptoms  of  the  disease 
afford  important  help  in  estimating  the  significance  of  delirium.  If  delirium 
distinctly  precedes  fever,  it  has  evidently  the  same  significance  as  if  it  exists 
alone.  If  it  succeeds  a  period  of  initial  unconsciousness,  or  a  convulsion,  we 
are  justified  in  assigning  to  it  a  primary  intracranial  cause.  The  only  excep- 
tion is  in  the  case  of  acute  specific  diseases  in  children,  in  which  a  convul- 
sion may  occur  at  the  onset ;  but  the  nature  of  such  cases  is  usually  clear. 

Obvious  as  these  rules  may  seem,  it  is  difficult  to  exaggerate  their  prac- 
tical importance.  The  neglect  of  them  has  been,  and  still  is,  a  frequent 
source  of  error.  In  many  instances,  typhoid  fever,  or  catarrhal  febricula  in 
children,  has  been  thought  to  be  tubercular  meningitis,  because  undue 
weight  had  been  assigned  to  the  delirium.  Grosser  errors,  indeed,  are  not 
unknown.  On  the  other  hand,  care  should  be  taken  to  avoid  the  opposite 
mistake.  The  combination  of  delirium  and  pyrexia  must  not  be  accepted 
as  evidence  of  the  general  nature  of  the  malady,  until  the  observer  is  satis- 
fied that  there  are  no  symptoms  of  nerve  disturbance  for  which  a  blood 
state  will  not  account.  The  records  of  every  fever  hospital  will  show  how 
often  acute  brain  disease  has  been  mistaken  for  a  specific  fever,  because  the 
pyrexia  has  been  allowed  to  obscure  the  significance  of  other  indications  of 
nerve  disturbance. 

Simple  mental  failure  is  indicated  first  and  chiefly  by  defect  of  memory, 
"  amnesia,"  in  the  widest  sense  of  the  word.  There  is  a  physical  side  to 
memory  as  to  other  mental  processes.  All  functional  action  of  nerve 
elements  is  attended  by  molecular  changes  in  them,  and  never  leaves  their 
nutrition  in  exactly  the  same  condition  as  before.  A  state  is  left,  for  a 
time,  in  which  the  same  functional  action  occurs  more  readily;  there  is  a 
diminution  of  resistance  in  the  combination  of  nerve  elements  concerned, 
and  this  residual -disposition  is  increased  by  repetition.  This  constitutes  the 
basis  of  motor  training,  in  which  facility  in  performing  complex  actions  is 
acquired  by  practice.  Such  actions  are  learned  by  a  sort  of  motor  memory, 
which  enters  but  little  into  the  region  of  consciousness.  A  similar  condi- 
tion appears  to  constitute  the  physical  basis  of  memory,  properly  so  called. 
During  various  mental  processes,  combinations  of  nerve  cells  are  in  action, 
which  differ  according  to  the  diversity  of  these  processes,  and  the  residual 
disposition  to  act  in  the  same  way,  in  the  same  combination,  renders  possi- 
ble a  revival  of  the  original  activity,  and  on  the  side  of  mind  a  memory  of  a 
past  image. 

Thus  there  is  probably  no  special  faculty  of  memory,  physical  or  psy- 
chical, apart  from  thegeneral  cerebral  and  intellectual  processes.  There  is, 
however,  or  seems  to  us  to  be,  a  peculiar  power  of  voluntary  revival  of  these 
processes,  which  is  popularly  termed  "  recollection." 
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The  diseases  of  the  brain  that  affect  memory  are  extremely  numerous,  and 
comprehend  general  impairment  of  cerebral  nutrition,  as  by  an  acute  fever, 
severe  mental  shock,  and  especially  peculiar  functional  conditions,  such  as 
the  trance  state  of  hysteria.*  It  results  also  from  organic  diseases  that  dam- 
age the  nutrition  of  the  cortex,  as  meningitis,  extensive  local  lesions, 
hemorrhage,  softening,  tumor ;  these  often  indirectly  impair  the  function 
of  a  more  extensive  area  than  is  structurally  damaged.  Loss  of  memory 
results  also  from  various  degenerative  processes,  which  are,  for  the  most  part, 
classed  as  forms  of  insanity,  e.g.,  senile  dementia  and  general  paralysis  of 
the  insane. 

The  defect  may  be  seen  only  in  the  inability  to  retain  new  impressions, 
although  those  acquired  up  to  the  time  of  the  commencement  of  the  symp- 
toms may  be  preserved.  More  frequently  the  loss  is  retrospective  as  well  as 
present,  and  it  is  usually  the  later  processes  that  cannot  be  revived ;  the 
recent  not  the  remote  past  that  is  forgotten.  The  loss  may  extend  back 
for  a  few  days  or  for  months  or  years.  This  is  often  seen  in  degenerative 
diseases  of  the  brain  ;  in  senile  amnesia,  for  instance,  the  events  of  early 
life  may  be  vividly  remembered,  and  those  of  later  years  be  lost,  and  thus 
we  have  the  anomaly  that  "the  new  perishes,  the  old  endures"  (Ribot). 
A  clergyman  once  came  under  my  notice  who  had  lost  all  memory  of  the 
last  twenty  years  of  his  life,  and  maintained,  with  consistent  perversity,  that 
his  age,  length  of  parish  work,  etc.,  were  just  twenty  years  less  than  they 
really  were.  In  rare  cases,  in  which  lost  memory  has  been  regained, 
recovery  has  occurred  in  the  reverse  order,  from  the  past  toward  the 
present.  Thus,  a  man,  after  an  accident,  had  forgotten  entirely  the  events 
of  the  three  preceding  days,  and  each  day  was  successfully  remembered 
until,  at  last,  the  accident  was  recalled. f  It  is  said  that  in  the  loss  of 
memory  the  more  special  acquisitions  are  first  lost,  the  most  general  are 
preserved  longest.  This  is  best  seen  in  the  case  of  words,  among  which 
proper  names  are  first  lost,  and  then  nouns,  and  then  names  of  qualities. 
In  more  general  loss  of  memory  the  order  is  difficult  to  trace.  Loss  of 
memory  is  sometimes  partial,  i.  e.,  there  is  considerable  or  complete  loss  of 
some  class  of  ideas,  as,  for  instance,  of  a  foreign  language.  These  cases, 
although  curious,  are  of  little  interest  from  a  medical  point  of  view. 

Another  symptom  of  mental  failure,  with  which,  indeed,  the  loss  of 
memory  is  closely  connected,  is  deficient  power  of  attention — that  is,  the 
deficient  power  of  excluding  from  the  domain  of  consciousness  all  but  one 
subject.  Closely  connected  with  this,  also,  is  incoherence  of  idea.  Instead 
of  the  definite  sequence  of  mental  processes  that  we  recognize  as  normal, 
one  mental  image  excites  another  by  some  accidental  association  (as  word 
resemblance),  which  would  be,  in  health,  subordinated  to  logical  sequence. 
Often  the  connections  that  determine  the  morbid  sequence  are  so  subtle  as  to 

*  Several  remarkable  cases  of  complete  loss  of  memory  after  such  attacks  have  been 
recorded  (see  Carpenter,  Brain,  vol.  i). 

fKompfen,  quoted  by  Ribot,  "  Diseases  of  Memory,"  p.  123. 
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evade  detection.     This  incoherence  of  idea  is  portrayed  in  language.     It  is 
conspicuous  in  delirium,  and  is  also  frequent  in  simple  mental  failure. 

Defects  in  the  moral  sense  are  also  common  symptoms  of  mental  failure, 
although  not  always  present.  The  defect  shows  itself  in  a  want  of  sense  of 
propriety.  The  slighter  defects  of  this  character  are  relative,  rather  than 
absolute,  and  must  be  measured  by  their  deviation  from  the  normal  conduct 
of  the  individual.  Many  actions,  such,  for  instance,  as  spitting  about  a 
room,  would  be  more  distinctly  pathological  in  a  man  of  refinement  than 
in  an  ill-mannered  man  of  the  lower  classes.  Some  actions  are  unequivocal 
in  their  significance,  as  when  a  patient  deliberately  micturates  on  the  floor, 
or  exposes  himself  indecently  without  perceiving  the  impropriety  of  the 
action.  Urine  and  stools  are  often  passed  into  the  bed,  in  cases  of  brain 
disease,  in  consequence  of  mental  failure,  when  there  is  no  incompetence 
of  the  sphincters.  This  always  indicates  a  considerable  depth  of  mental 
change,  often  much  greater  than  appears  on  the  surface.  Hence  the  symp- 
tom is  often  of  grave  significance,  and  always  of  great  practical  importance. 

Another  class  of  actions  which  result  from  mental  defect  are  offences 
against  morality  and  propriety,  and  these  often  seem  to  depend  less  on  want 
of  knowledge  of  the  nature  of  the  action,  than  on  the  absence  of  motive  to 
avoid  it. 

It  is  important  to  note  that  in  children  with  slight  mental  defect  the 
absence  of  natural  shyness,  and  the  difficulty  of  producing  any  deterrent 
sense  of  wrong  or  shame,  often  afford  more  conspicuous  indications  of  the 
mental  deficiency  than  actual  lack  of  intellectual  processes.  The  children 
are  unabashed  by  the  presence  of  strangers,  and  are  disobedient,  mischiev- 
ous, meddlesome,  wantonly  injuring  their  playthings,  and  even  their  play- 
mates. The  absence  of  shyness  often  leads  to  a  pseudo-precocity  which 
fond  parents  take  to  be  the  dawn  of  genius. 

AFFECTIONS  OF  SPEECH.* 
Speech  is  deranged  in  various  ways  by  disease  of  the  brain.  The  process 
of  articulation  is  immediately  effected  by  a  mechanism  of  nerve  nuclei 
situated  in  the  pons  and  medulla,  but  these  are  excited  to  action  by  centres 
in  the  cerebral  cortex.  Thus  there  are  higher  and  lower  mechanisms  ;  the 
former  is  cerebral,  the  latter  bulbar.  When  there  is  disease  of  the  lower 
mechanism,  the  elements  of  speech  are  correct  in  number  and  order,  but 
their  .form  is  imperfect ;  there  is  defective  articulation.  In  disease.of  the 
higher  mechanism  the  form  of  the  elements  of  speech  may  be  correct,  but 
they  are  defective  in  number  and  arrangement.  There  is,  however,  one 
condition  in  which  disease  of  the  cerebrum  interferes  with  articulation — 

*  The  most  important  writings  on  the  subject  of  defects  of  speech  are  those  of  Trousseau 
in  his  "Clinique  Medicale  "  (Lect.  viii,  p.  218,  of  Bazire's  translation);  Bastian,  Med.- 
Chir.  Rev.,  January  and  April,  1869  ;  Broadbent,  Med.-Chir.  Trans.,  1872,  vol.  lv  ;. Bate- 
man,  "On  Aphasia,"  London,  1870 ;  Hughlings  Jackson,  Brain,  vols,  i  and  ii ;  Wernicke, 
"Der  Aphasische  Symptomen-Complex,"  Breslau,  1874,  and  Kussmaul's  article  in  Ziems- 
sen's  Cyclopedia  (vol.  xiv  of  the  American  translation). 
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when  the  disease  involves  the  structures  concerned  in  both  hemispheres. 
One-sided  disease,  either  of  the  cortex  of  the  brain  or  the  path  from  it,  may 
interfere  with  articulation  for  a  time,  but  the  loss  soon  passes  away,  because 
it  is  soon  compensated  by  the  other  hemisphere.  The  most  important 
movements  are  bilateral,  and,  like  other  bilateral  movements,  can  be  excited 
from  either  hemisphere.  But  symmetrical  disease  of  both  hemispheres,  if 
it  involves  the  centres  or  paths  of  the  muscles  concerned  in  speech,  may 
permanently  derange  or  abolish  articulation.  The  condition  is  termed 
"  pseudo-bulbar  paralysis,"  from  the  close  resemblance  to  the  effect  of 
disease  of  the  medulla. 

Defects  of  Articulation.— The  changes  in  articulation  that  result 
from  disease  of  the  medulla  and  lower  part  of  the  pons,  vary  from  a  slight 
imperfection  to  a  loss  so  complete  as  to  leave  only  laryngeal  tones  to  repre- 
sent articulate  speech.  This  defect  is  termed  anarthria  or  dysarthria. 
Considerable  loss  is  usually  associated  with  obvious  palsy  of  the  parts  con- 
cerned in  articulation.  The  most  important  effects  of  such  definite  paraly- 
sis are  these  :  in  paralysis  of  the  lips  the  labial  consonants,  which  depend 
on  precise  closure  of  the  lips,  are  defective  ;  /,  b,  and  m  are  transformed  into 
/  and  v.  In  palsy  of  the  tongue  the  Unguals  /  and  t  are  imperfectly  pro- 
nounced, and  tend  to  become y  and  th.  Palsy  of  the  palate  not  only  gives 
an  undue  nasal  resonance  to  the  voice,  but  impairs  the  pronunciation  of 
the  explosive  labials  p  and  b,  because  the  patency  of  the  nares  prevents  the 
needful  compression  of  the  air  in  the  mouth ;  and  these  explosives  are 
therefore  transformed  into  the  continuous  labial  m. 

In  slighter  and  less  defined  disease  of  the  bulbar  mechanism,  terminal  or 
subordinate  consonants  and  syllables  are  imperfectly  pronounced,  irrespec- 
tive of  their  character,  and  are  often  run  together  or  elided  in  what  is 
termed  "confluent"  or  "  elisive  "  articulation.  Sometimes  consonants 
that  require  delicately  adjusted  muscular  action  are  omitted,  or  easier 
sounds  are  substituted,  and  occasionally  consonants  are  unintentionally 
repeated.  The  r  is  especially  a  source  of  stumbling  to  these  patients.  In 
other  cases,  again,  syllables  are  unduly  separated,  in  what  has  been  termed 
"staccato,"  or  "  scanning  utterance." 

Cerebral  Defects. — The  defects  of  speech  that  result  from  disease  of 
the  cerebral  hemisphere — defects  not  of  articulation,  but  of  the  elements 
of  speech — are  now  known  by  the  name  aphasia.  The  word  has  become 
current  as  a  general  designation  for  various  forms  of  defect,  manifested  in 
the  various  modes  of  expression,  just  as  the  analogous  word  "  anaemia  "  is 
applied  to  various  forms  of  deficiency  of  blood.*  The  word  owes  its  cur- 
rency to  Trousseau,  who  summoned  it  from  a   slumber  of  two  thousand 


*  The  inaccuracy  of  applying  an  absolute  negation  to  a  partial  defect  has  led  to  the  sug- 
gestion of  "  dysphasia  "  as  a  frequent  substitute.  The  term  does  not,  however,  seem  likely 
to  come  into  use,  a  matter  for  little  regret,  since  the  word  has  not  the  merit  of  unimpeach- 
able exactness,  and  it  has  an  unfortunate  resemblance  in  sound  to  "  dysphagia.'' 
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years,*  as  a  substitute  for  the  term  aphemia,  with  which  Broca  had  in  turn 
displaced  the  alalia  of  Lordat.  "Aphemia"  is  sometimes  still  employed 
in  a  restricted  application  to  articulate  speech. f 

*  The  subject  abounds  in  difficulty,  arising  partly  from  its  complexity  and 
partly  from  the  uncertainty  due  to  a  deficiency  of  facts  and  the  obscurity 
produced  by  a  redundance  of  theory.  Precise  knowledge  of  the  effects  of 
local  disease  on  the  various  relations  of  language  is  scanty,  and  the  possible 
interpretations  of  the  conditions  observed  during  life  are  numerous.  The 
clinical  facts  may  be  and  have  been  variously  explained  ;  and  it  is  almost 
startling  to  find,  when  we  come  to  weigh  the  evidence,  how  small  is  the 
ground  on  which  some  theories  are  based,  and  how  much  deficiency  of  fact 
a  clear  diagram  may  hide.  Hence  an  attempt  to  state  the  definite  knowl- 
edge we  possess  may  seem  to  be  at  once  meagre  in  scope  and  hesitating 
in  assertion.  But  if  the  certain  knowledge  is  insufficient  to  enable  us  to 
explain  all  the  complex  phenomena,  it  furnishes  a  definite  starting-place 
from  which  to  investigate  them,  and  if  the  obscurity  is  recognized  we  may 
be  saved  at  least  from  misplaced  confidence.  Hypotheses  unfortunately 
cannot  be  altogether  avoided,  but  it  is  desirable  that  they  should  be  simple 
in  nature  and  restricted  in  use  until  more  facts  have  been  ascertained. 

Speech  processes  in  the  cortex  of  the  brain  are  sensory  and  motor.  By 
the  former  language  is  received,  and  by  the  latter  it  is  uttered.  These 
processes  go  on  chiefly  in  the  left  hemisphere  in  right-handed  persons,  but 
in  those  who  are  left-handed  the  processes  go  on  in  the  right  hemisphere, 
and  this  even  when  the  patient  uses  for  writing  not  the  left  hand  but  the 
right.  There  are,  however,  similar  structures  in  each  hemisphere,  and  if 
those  on  the  left  side  are  destroyed,  the  corresponding  parts  of  the  right 
hemisphere  may  take  on  the  lost  function,  and  the  symptoms  of  the  loss 
may  slowly  pass  away.  The  proof  of  this  is  that,  in  several  cases  of  this 
character,  a  fresh  lesion  in  the  right  hemisphere  has  destroyed  the  reacquired 
power,  and  there  has  then  been  no  recovery.  It  is  probable,  moreover,  as 
we  shall  presently  see,  that  the  right  hemisphere  normally  takes  some  part 
in  speech  processes,  and  that  the  part  it  takes  varies  in  different  persons  and 
at  different  periods  of  life.'  Loss  of  speech  from  disease  of  the  left  hemi- 
sphere is,  as  a  rule,  quickly  recovered  from  in  children,  by  the  compensatory 
use  of  the  right  hemisphere  ;  a  similar  recovery  takes  place  in  some  adults 
more  readily  than  in  others,  and  in  some  it  does  not  take  place  at  all.  If 
such  compensation  occurs — and  the  occurrence  is  unquestionable — it  is  evi- 
dent that,  very  soon  after  the  left  hemisphere  has  lost  some  of  its  function, 
the  right  hemisphere  must  begin  to  cooperate  with  it  in  effecting  the  speech 

*  Trousseau  seems  to  have  been  unaware  of  the  antiquity  of  the  word.  It  was  apparently 
"invented"  for  him,  in  1861,  by  a  Greek,  M.  Chrysaphis  (see  Trousseau's  "  Clinique 
Med.,"  lect.  lxi,  and  the  footnote  at  p.  218  of  Bazire's  translation). 

f  "  Aphemia  "  was  rejected  by  Trousseau,  and  by  Broca  himself,  at  the  instance  of  Littre, 
because  its  Greek  significance  is  not  "  speechlessness  "  but  "  infamy." 


SYMPTOMS.  543 

that  quickly  returns.  Such  cooperation,  admitted  when  the  damage  is  great, 
probably  occurs  also  when  the  damage  is  partial.  It  is  evident  that  we  have 
here  an  element  of  great  uncertainty.  If  the  actual  lesion  is  not  known,  we 
cannot  be  sure  to  what  extent  the  speech  processes  that  return,  and  therefore 
the  disorder  they  present,  are  to  be  ascribed  to  the  left  hemisphere  or  to 
both  hemispheres ;  and  we  must  incur  some  error,  and  it  may  be  great 
error,  if  we  fix  our  attention  exclusively  on  the  left  hemisphere.  Examples 
of  this  will  be  manifest  as  we  proceed. 

The  sensory  relations  of  speech  are  with  hearing  and  sight,  and  also,  in 
blind  persons,  with  touch.  The  relation  to  the  sense  of  hearing  is  the  most 
important ;  it  is  the  first  speech  relation  to  be  developed  in  the  child,  who 
can  understand  many  words  before  he  can  utter  one.  The  part  of  the  brain 
concerned  in  the  auditory  perception  of  words  is  the  posterior  half  of  the 
first  temporal  convolution  on  the  left  side.  It  is  apparently  the  auditory 
centre  itself,  at  least  structures  at  present  indistinguishable  from  this  centre. 
If  this  region  is  diseased  there  is  often  transient  deafness  in  the  opposite  ear 
(see  p.  464),  and  there  is  persistent  inability  to  understand  the  meaning  of 
words,  although  they  are  still  heard  as  sounds.  This  condition  causes  con- 
siderable derangement  of  speech.  It  was  first  described  by  Dr.  Bastian,  and 
accurately  referred  by  him  to  destruction  of  the  "auditory  perceptive 
centre."  Wernicke,  to  whom  belongs  the  credit  of  discovering  the  precise 
seat  of  the  disease  that  causes  the  symptom,*  proposed  for'  it  the  term  sen- 
sory aphasia,  and  Kussmaul  afterward  called  the  loss  word  deafness.  The 
sensory  condition  is  now  generally  known  by  the  latter  term,  and  the  former 
is  applied  to  the  general  disorder  of  speech  that  results.  The  dependence 
of  this  system  on  disease  of  the  first  temporal  convolution  is  well  established. 
This  part  was  diseased  in  everyone  of  seventeen  cases  collected  by  Sepelli.  f 

The  part  of  the  brain  concerned  in  the  perception  of  visual  word  symbols 
seems  to  be  in  the  lower  and  hinder  part  of  the  parietal  lobe,  also  on  the 
left  side  of  the  brain.  Disease  of  this  part  has  caused  inability  to  read  even 
the  simplest  word,  a  condition  that  has  been  termed  "  word  blindness."  Of 
the  cases  recorded  by  Sepelli,  in  each  one  of  which  word  blindness  co- 
existed with  word  deafness,  the  disease  extended  into  this  part  of  the  parietal 
lobe.  This  region,  as  we  have  seen  (pp.  462,  463),  is  probably  the  seat  of  the 
" higher  visual  centre,"  and  transient  "mind  blindness"  has  been  caused 
.  by  its  disease,  i.  e. ,  an  inability  tx>  recognize  not  only  words,  but  objects 
also.  Such  mind  blindness  has  also  occurred  in  a  few  cases  as  a  persistent 
symptom,  but  we  do  not  know  whether  it  then  depends  on  a  unilateral 
or  bilateral  lesion  (see  Affections  of  Vision).  Moreover,  the  crossed  am- 
blyopia, which  results  from  extensive  disease  in  this  part,  has  not  often  been 
recognized  in  cases  of  impairment  of  visual  word  processes.  The  speech 
defect  interferes  with  the  detection  of  the  visual  loss,  and  it  may  be  that 

*  "  Die  Aphasische  Symptomen-Complex,"  1874,  a  work  of  remarkable  ability, 
f  Sepelli,  Revista  Sper.  de  Fren.,  1884,  p.  94  (see  also  Amidon,  New  York  Medical  Jour- 
nal, January,  1885). 
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word  processes  are  related  to  only  a  part  of  the  region  that  has  to  do  with 
vision.  It  must,  however,  be  noted — and  the  fact  very  much  increases  the 
difficulty  of  the  subject — that  inability  to  read  does  not  prove  disease  of  this 
part  in  the  same  way  as  inability  to  understand  heard  words  proves  disease 
of  the  first  temporal.  The  mechanism  of  reading  is  complex,  and,  as  we 
shall  see,  it  may  be  deranged  indirectly. 

Motor  word  processes  take  place  in  the  posterior  part  of  the  third  frontal 
convolution,  and  perhaps  in  the  adjacent  part  of  the  ascending  frontal.  The 
latter  contains  the  cortical  centre  for  the  movement  of  the  tongue  and  lips, 
to  which  the  motor  speech  centre  is  thus  adjacent,  and  perhaps  in  part  cor- 
responds. The  path  from  it  passes  through  the  white  substance  of  the  hemi- 
sphere to  the  internal  capsule  at  the  junction  of  its  two  parts,  in  front  of  the 
fibres  of  the  pyramidal  tract,  and  it  lies  to  the  inner  side  of  these  fibres  in 
the  crus  cerebri.  It  is  commonly  thought  that  the  path  from  the  speech 
centre  is  distinct  from  that  for  the  tongue  and  lips,  but  the  evidence  of  this 
is  insufficient.  It  is  more  probable  that  the  speech  path  is  that  for  the  sim- 
ple movements  of  the  parts  concerned,  although  the  cortical  centre  is  more 
extensive.  Whether  the  island  of  Reil  forms  part  of  the  speech  centre  is 
still  uncertain ;  speech  defect,  from  disease  limited  to  it,  has  not  yet  been 
observed,  but  its  position  between  the  motor  and  auditory  centres,  and  the 
way  in  which  fibres  between  the  two  pass  by  it,  have  led  Wernicke  and 
others  to  regard  it  as  part  of  the  speech  region.  All  the  cases  adduced  as 
proof  of  the  dependence  of  aphasia  on  disease  of  the  island  of  Reil  are 
inconclusive,  either  because  the  lesion. was  not  limited  to  it,  or  because  the 
duration  of  the  case  was  too  short  to  permit  indirect  symptoms  to  pass 
away.* 

Destruction  of  the  motor  speech  region  on  the  left  side  causes  total,  or 
almost  total,  loss  of  voluntary  speech.  Such  loss  has  resulted  from  a  lesion 
in  the  third  frontal  no  larger  than  a  hazel  nut.f  If  the  loss  is  old  or  partial, 
words  are  often  wrongly  formed.  Hence  the  loss  has  been  termed  ataxic 
aphasia,\  but  this,  as  a  distinctive  term,  is  inexact,  since  a  very  similar  dis- 
order of  words  may  arise  from  pure  word  deafness.  Hence  it  is  far  better, 
with  Wernicke,  to  term  the  effect  of  disease  of  the  motor  speech  region 
"  motor  aphasia."     Its  precise  characters  will  be  presently  described. 

Motor  aphasia  may  be  produced  by  disease  of  the  conducting  path  from 
the  cortex,  as  well  as  by  the  disease  of  the  cortex  itself.§  The  loss  from 
disease  of  the  path  is  only  permanent  when  the  lesion  is  just  beneath  the 

*  Thus,  in  a  case  published  by  Dejerine,  as  evidence  that  motor  aphasia  may  be  due  to  an 
insular  lesion  [Revue  de  Med.,  i88j,  p.  174),  the  patient  lived  for  a  few  days  only,  and 
the  lower  part  of  the  central  convolutions  was  likewise  destroyed.  (Compare  also  the  case 
mentioned  in  the  note  on  p.  546.) 

f  Rosenstein,  Berlin  klin.  Wockensch.,  1868,  p.  182. 

X  First  by  Sanders,  Edin.  Med.  Journ.,  March,  1866;  soon  afterward  by  Ogle. 

I  Raymond  and  Artaud  have  collected  twenty-three  cases  of  aphasia  from  disease  of  the 
white  substance,  Gam.  mid.  de  Paris,  1883,  No.  47. 


SYMPTOMS. 


545 


Fig.  238. 


cortex.  If  the  lesion  is  near  or  in  the  internal  capsule,  the  loss  passes 
away  in  the  course  of  a  few  weeks.  The  explanation  of  the  difference  is 
probably  this :  if  the  fibres  from  the  left  speech  centre  to  the  corpus  callosum 
are  intact,  the  speech  processes,  arranged  on  the 
left  side,  can  find  expression  through  the  corre- 
sponding centre  on  the  right  side ;  if  the  lesion 
is  just  beneath  the  cortex,  these  callosal  fibres  are 
interrupted,  as  well  as  those  to  the  internal  cap- 
sule, and  the  loss  is  as  permanent  as  if  the  centre 
were  destroyed.  In  the  former  case,  a  second 
lesion  in  the  motor  path  of  the  right  hemisphere, 
even  in  the  internal  capsule,  may  cause  perma- 
nent aphasia.* 

In  the  act  of  writing,  the  speech  processes, 
arranged  in  the  motor  centre,  pass  to  the  centre 
for  the  hand  in  the  middle  of  the  ascending  con- 
volutions, and  thence  the  nerve  impulses  pass  by 
the  pyramidal  tracts  to  the  cord.  The  evidence 
of  this  is  that  disease  of  the  motor  speech  centre, 
abolishes  the  power  of  writing  (termed  agraphia), 
even  when  the  hand  centre  is  intact,  and  the 
movements  of  the  arm  are  unimpaired. f  The 
same  result  follows  an  isolating  lesion  just  beneath 
the  cortical  speech  centre,  and  hence  the  path  to 
the  arm  centre  must  be  by  the  "associating 
fibres  "  of  the  subjacent  white  substance,  and  not 
through  the  gray  matter  of  the  cortex.  But  it  is 
conceivable  that  a  sub-cortical  lesion  may  be  so 
placed  as  to  interrupt  the  paths  to  the  internal 
capsule  and  to  the  opposite  hemisphere,  and  not  that  to  the  arm  centre 
(see  Fig.  238).  In  such  a  case  there  would  be  permanent  loss  of  uttered 
speech  without  loss  of  the  power  of  writing.  Such  a  condition  has  actually 
been  observed.  J 

Disease  limited  to  the  motor  speech  region  sometimes  abolishes  the 
power  of  reading  (alexia) ;  §  sometimes  it  does  not.  The  difference  depends 
in  part  on  the  degree  to  which  motor  speech  processes  are  concerned  in  the 
comprehension  of  visual  speech  symbols.  In  persons  accustomed  to  read- 
ing, the  intellectual  images  may  perhaps  be  aroused  directly  by  the  visual 

*This  appears  to  have  been  the  case  in  an  instance  recorded  by  Luys,  L'  Encefhale,  1883, 
No.  3. 

t  In  Rosenstein's  case,  mentioned  on  p.  544,  in  which  aphasia  resulted  from  a  hemor- 
rhage the  size  of  a  hazel  nut  in  the  third  frontal,  the  power  of  writing  was  lost  as  well  as 
speech. 

J  Wernicke,  Neurol.  Cent.,  1886,  p.  124. 

jj  Alexia,  be  it  remembered,  is  the  loss  of  the  power  of  understanding  written  or  printed 
words,  not  merely  a  loss  of  the  power  of  reading  aloud. 


Diagram  of  probable  course  of  fibres 
from  motor  speech  centre.  A, 
hand  centre  in  the  middle  of  the 
ascending  frontal  convolution ;  A 
m,  fibres  from  this  to  internal 
capsule ;  S,  motor  speech  centre  ; 
S  C,  fibres  from  this  to  the  corpus 
callosum ;  and  S  m  to  the  internal 
capsule.  S  A,  fibres  from  speech 
centre  to  hand  centre.  A  lesion 
at  111  in  will  cause  only  transient 
aphasia,  the  speech  process  being 
able  to  pass  by  S  C  to  the  corpus 
callosum  and  opposite  speech 
region ;  a  small  lesion  at  jr  would 
cause  permanent  aphasia,  since  it 
involves  both  the  fibres  to  the 
corpus  callosum  and  internal  cap- 
sule, but  would  not  abolish  expres- 
sion by  writing,  the  fibres  S  A 
(connecting  the  speech  and  hand 
centres)  escaping. 
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processes,  without  the  intervention  ot  the  motor  processes.  In  those  who 
are  imperfectly  educated,  the  motor  processes  are  essential;  the  lips  may 
even  be  seen  to  move  during  the  process  of  reading.  It  must  be  remem- 
bered that  children  learn  to  read  aloud  words  they  do  not  understand : 
indeed,  the  early  effort  of  a  child  is  merely  to  pronounce  the  seen  words.* 

In  addition  to  these  two  leading  varieties  of  aphasia,  the  motor  and  sen- 
sory, there  is  another  in  which  the  patient,  without  loss  of  the  motor  pro- 
cesses, and  without  word  deafness,  has  a  difficulty  in  recalling  words,  and 
uses  wrong  words.  This  has  been  termed  "  amnesic  aphasia,"  or  "  loss  of 
memory  for  words. ' '  It  has  been  referred  by  Wernicke  to  an  interruption 
of  the  path  between  the  motor  and  sensory  centres,  by  disease  of  the  island 
of  Reil,  and  he  has  termed  it  "  conduction  aphasia  "  ("  Leitungsaphasia  ").f 
He  assumes  that  the  interruption  prevents  the  direct  action  of  the  sensory 
on  the  motor  centre  which  is  necessary  for  its  guidance.  J  As  a  fourth 
variety,  "total  aphasia"  has  been  described:  the  form  in  which  both 
auditory  and  motor  centres  are  destroyed,  and  all  use  of  words  is  lost. 

Motor  Aphasia. — In  a  case  of  motor  aphasia  from  destruction  of  the 
motor  speech  region,  the  patient  is  at  first  speechless,  and  even  expressions 
by  signs  may  be  impaired.  He  may  shake  his  head  when  he  means  "  yes." 
Before  long,  expression  by  gestures  becomes  accurate,  and  the  patient  regains 
the  power  of  uttering  a  few  simple  words,  as  "yes"  or  "no,"§  and  often 
other  words  are  at  times  uttered  under  the  influence  of  some  emotion,  or 
some  word  may  be  repeated  on  every  attempt  to  speak.  The  patient  is  able 
to  understand  whatever  is  said  to  him,  but  cannot  repeat  it.  He  cannot,  of 
course,  read  aloud,  and  he  is  generally  unable  to  understand  seen  words, 
such,  for  instance,  as  a  written  or  printed  direction  to  perform  some  simple 
action.  He  cannot  write,  even  if  his  hand  is  unaffected.  He  may  be  able 
to  copy,  and  even  to  translate  printed  letters  into  writing  characters.  If 
the  right  hand  is  paralyzed,  the  patient  may  try  to  write  with  the  left  hand, 
and  may  try  to  form  words  with  separate  letters.     The  latter  is  a  rather 

*  At  the  same  time  it  is  doubtful  whether  the  observed  differences  in  the  influence  of 
motor  aphasia  on  the  power  of  reading  can  be  altogether  explained  by  the  degree  of  educa- 
tion and  of  practice  in  reading.  We  need  more  facts  regarding  the  pathological  lesions  in 
these  cases. 

f  That  defects  in  speech  may  be  due  to  interruption  of  the  "  set  of  efferent  fibres  emerg- 
ing from  the  auditory  perceptive  centre  having  to  do  with  the  incitation  to  the  muscular  acts 
of  speech  "  was  suggested  by  Dr.  Bastian  in  1869  (loc.  cit.).  Apart  from  the  question  of 
accuracy,  the  term  "conduction  aphasia  "  does  not  very  aptly  express  the  assumption  that 
conduction  is  arrested. 

%  There  is  at  present  no  actual  proof  of  the  truth  of  this  assumption.  Lichtheim  has  pub- 
lished a  case  {Deut.  Arch.f.  klin.  Med.,  Bd.  36,  Case  1)  which  he  describes  as  an  "un- 
doubted example  of  this  form  of  aphasia,"  but  the  lesion  involved,  besides  the  island  of 
Reil,  1%  cm.  of  the  third  frontal  and  part  of  the  middle  of  the  first  temporal.  (See  also 
note  on  p.  544.) 

\  I  have  only  seen  one  case  in  which  a  patient,  nine  months  after  the  onset,  was  abso- 
lutely wordless.  There  was  considerable  word  deafness  as  well  as  absolute  motor  aphasia. 
Expression  by  signs  was  extensive. 
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severe  test,  because,  it  is  an  unfamiliar  process.  Processes  of  thought  are 
little  interfered  with,  and  the  patient  is  perfectly  aware  of  his  errors  in 
utterance.  The  use  of  figures  is  usually  interfered  with,  as  well  as  the  use  of 
words,  but  to  this  rule  curious  exceptions  are  met  with,  the  significance  of 
which  we  are  not  yet  able  to  understand.  Thus,  in  one  case  of  considerable 
motor  aphasia  recorded  by  Volland,  a  high  degree  of  arithmetical  ability  was 
preserved.* 

In  some  cases  this  condition  persists,  unchanged,  for  years.  More  often 
there  is,  after  some  months,  a  slow  recovery;  first  one  word  and  then 
another  is  uttered ;  and  considerable  power  of  speech  may  be  ultimately 
regained  by  the  "  reeducation  "  of  the  right  hemisphere. 

In  other  cases,  however,  in  which  the  disease  is  partial,  the  loss  of  speech 
is  found  to  be  incomplete  when  the  immediate  effect  of  the  lesion  has 
passed  away,  but  many  mistakes  are  made  in  the  forms  of  words  and  in 
their  use. 

In  the  conditions  thus  sketched,  there  are  two  elements :  (i)  loss  of 
speech,  (2)  retention  of  speech,  or  at  least  of  utterance  of  words,  with  more 
or  less  error.  The  loss  is  due  to  the  lesion  ;  the  retention  and  error  are  due 
to  the  imperfect  action  of  the  remaining  motor  speech  centres,  probably  on 
both  sides  of  the  brain,  if  the  disease  is  partial,  or  on  the  right  only  if  it  is 
complete.  It  is  obvious  that,  when  there  is  complete  destruction  of  the  left 
motor  speech  centre,  the  utterance  that  remains  must  be  by  the  right  hemi- 
sphere. This  remaining  power  of  expression  may  be  of  several  kinds. 
(1)  Expression  by  gesture,  which  may  be  at  first  impaired,  but  is  soon 
regained.  (2)  Some  general  propositional  utterance ;  as  '/  yes  "  and  "no," 
which  may  be  at  first  used  wrongly.  (3)  Some  special  utterance,  which 
recurs  on  all  attempts  to  speak,  and  may  be  a  word  or  words,  or  an  unmean- 
ing combination  of  syllables.  (4)  Combinations  of  words  which  express 
some  strong  emotion,  and  not  the  proposition  to  which  their  form  corre- 
sponds, such  as  an  oath — "dead  propositions"  Hughlings  Jackson  has 
aptly  called  them.  (5)  Words  as  the  vehicles  for  tone  in  singing.  A 
patient  who  can  only  say  "  yes  "  and  "  no  "  may  sing  a  song,  and  in  doing 
so  may  utter  every  word  of  the  song,  although  he  is  quite  unable  to  speak 
it.  j  Often  words  can  be  uttered  in  a  half-automatic  manner,  e.  g.,  in  com- 
bination with  other  words,  or  under  emotion,  and  not  by  a  deliberate  volun- 
tary effort.  Thus,  a  patient  with  slight  aphasia  was  told  to  say  "  no,"  and 
after  one  or  two  ineffectual  attempts  said,  "I  can't  say  no,  sir."  Thus, 
likewise,  I  have  known  a  patient  to  be  unable  to  put  out  his  tongue  when 
told,  although  he  automatically  put  it  out  and  licked  his  lips  to  facilitate  the 


*  Munch.  Med.  Wochensch.,  1886,  and  Neurol.  CentralbL,  p.  274.  The  patient  was  a 
boy,  aged  fifteen.  After  a  fall  on  the  head,  there  was  complete  motor  aphasia,  only  the 
recurring  utterance  "Anna"  persisting.  Recovery  was  very  slow,  and  the  defect  had  not 
entirely  disappeared  six  years  later.  From  the  first  the  boy  could  add,  subtract,  and  multi- 
ply, and  at  school  he  progressed  steadily  in  arithmetic. 

f  For  an  instance,  see  Lancet,  18J5,  vol.  ii,  p.  794. 
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process,  and  afterward  was  still  unable  to  protrude  it  by  a  deliberate  effort. 
An  oath  uttered  in  anger  cannot  be  repeated  without  the  emotion. 

The  "  recurring  utterances  "  are  very  curious.  They  seem  to  be  either 
the  words  the  patient  was  about  to  utter  when  taken  ill  (Hughlings  Jackson), 
or,  more  probably,  the  last  words  actually  uttered.  A  woman  who  told  a  cab- 
man to  drive  her  to  "Mrs.  Waters,"  and  became  speechless  a  few  minutes 
afterward,  had  the  recurring  utterance,  "  Missis."  The  recurring  utter- 
ance of  a  girl,  seized  when  riding  on  a  donkey,  was  "  gee,  gee  "  (Jackson); 
that  of  a  signalman,  taken  ill  at  his  post,  was  "  Come  on  to  me  j"  that  of  a 
librarian  was,  "List  complete"  (Russell).  The  phenomena  of  recurring 
utterances,  which  must  be  effected  by  the  right  hemisphere,  seem  to  show 
that  this  hemisphere  takes  some  part  in  normal  speech.  Fresh  processes  for 
words  cannot  be  energized  through  the  will,  but  the  residual  disposition  of 
those  last  energized  voluntarily,  leads  to  their  excitation  by  an  attempt  to 
speak.  As  Hughlings  Jackson  has  insisted,  the  loss  of  speech  from  disease 
of  the  left  motor  region  is  essentially  a  loss  of  voluntary  speech.  When 
speech  is  slowly  regained  by  the  right  hemisphere,  many  of  the  errors  in 
utterance  may  be  traced  to  the  defective  voluntary  influence,  and  to  a  tend- 
ency to  the  reenergizing  of  nerve  processes  recently  in  activity.  Conso- 
nants are  repeated,  instead  of  the  proper  consonant  being  uttered,  and  those 
of  a  recurring  utterance  may  crop  up  in  wrong  places.  When  the  patient 
whose  recurring  utterance  was  "Missis"  acquired  more  speech,  the  "s" 
was  constantly  cropping  up  in  other  words.  Ultimately,  almost  perfect 
recovery  may  occur,  and  there  may  remain  only  slight  and  occasional  errors 
in  the  form  of  words,  with  a  difficulty  in  finding  the  word  desired,  and  a 
tendency  to  use  wrong  words. 

In  motor  aphasia  the  inability  to  write  is  usually  even  greater  than  the 
inability  to  speak.  In  writing,  speech  symbols  are  again  symbolized,  and  in 
the  double  symbolism  there  is  more  room  for  error.  The  patient  may  be 
unable  to  form  a  single  letter,  or  letters  may  be  formed,  but  combined 
wrongly,  or  there  may  be  merely  mistakes  of  letters  in  words  that  are  other- 
wise correct.  The  patient  can  often  sign  his  own  name — which  is  an  almost 
automatic  performance — when  he  cannot  express  a  proposition  in  writing. 
As  an  instance  of  this,  and  also  of  the  fact  that  errors  in  writing  are  greater 
than  in  speech,  may  be  given  the  case  of  a  man  who,  after  signing  his  name, 
James  Slim,  correctly,  was  told  to  write  down  "  how  he  came  to  the  hos- 
pital," and  wrote  cgng  kgig  kiyan,  but  in  answer  to  the  same  question  said, 
"Rail,  clab,"  and  when  asked  "  How  else?"  replied,  "  No  way."  The 
tendency  to  repetition,  to  the  reenergizing  of  processes  recently  in  activity, 
causes  many  of  the  errors  in  writing  as  well  as  in  speech,  and  is  seen  in  the 
above  sentence.  Glag  for  < '  glad  ' '  is  another  instance.  Other  mistakes  in 
written  letters  are  due  to  a  similarity  of  the  muscular  (and  therefore  nervous) 
action  in  pronouncing  them,  as  the  substitution  of  /  for  /  and  /  for  v 
(observed  errors),  a  proof,  if  proof  were  needed,  that  the  written  words 
are  first  energized  in  the  speech  centre. 

Loss  of  the  power  of  understanding  seen  words,  that  is,  loss  of  the  power  of 
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reading — "alexia" — often,  but  not  always,  accompanies  motor  aphasia. 
This  has  been  already  mentioned,  and  it  has  been  pointed  out  that  the  dif- 
ference probably  depends  on  the  extent  to  which  the  patient  is  dependent 
on  the  motor  processes  for  the  comprehension  of  the  visual  symbols.  In 
some  persons  the  latter  arouse  the  nerve  processes  for  "  ideas  "  directly;  in 
others  only  by  the  energizing  of  the  motor  structures.  In  the  former  case, 
even  disease  of  both  temporal  and  frontal  speech  centres  may  not  destroy 
the  power  of  reading,  although,  of  course,  the  patient  cannot  read  aloud.* 
Sensory  Aphasia. — In  word  deafness,  due  always  to  disease  of  the  first 
temporal  convolution,  heard  words  are  not  understood.  This  is  best  tested 
by  letting  the  patient  perform  some  simple  action  which  is  not  anticipated. 
Word  deafness  is  seldom  absolute,  and  an  expected  sentence,  such  as  "  Put 
your  tongue  out,"  from  a  doctor,  is  understood  when  an  unexpected  sentence 
is  not.  Expectation  involves  lowering  of  resistance  in  a  certain  nerve  com- 
bination, and  then  perhaps  the  right  hemisphere  may  suffice.  Word  deaf- 
ness always  causes  considerable  derangement  of  speech.  This  depends  on 
•  the  fact  that  the  subjective  revival  of  word  processes  takes  place  chiefly  in 
the  auditory  centre.  All  the  residual  dispositions — motor,  auditory,  visual 
— constitute  physical  memories  for  word  processes,  but  as  auditory  word 
processes  are  the  first  to  be  developed  in  the  child,  so  they  continue  the ' 
most  important  through  life.  If  they  are  lost,  the  patient  is  thrown  on  his 
motor  memory,  and  this  often  misleads. \  Hence  there  is  often  error  in  the 
words  used  and  in  their  form.  But  it  is  especially  the  voluntary  revival  of 
words  that  is  lost,  and  words  may  still  be  revived  automatically,  just  as  it  is 
voluntary  utterance  that  is  lost  in  motor  aphasia,  and  words  may  still  be 
uttered  automatically,  as  in  singing  a  song.  Hence  these  patients  have 
often  an  extensive  use  of  words,  especially  general  words,  which  they  utter 
promptly,  and  in  an  automatic  manner,  but  they  have  difficulty  in  the  delib- 
erate revival  of  special  terms.  "  If  I  have  to  say  a  thing  I  must  say  it  at 
once,  or  I  cannot  say  it  at  all,"  one  patient  observed.  It  is  probable  that 
the  automatic  revival  of  words  in  disease  of  the  left  hemisphere  is  subserved 
by  the  centres  on  the  right  side.  It  is  certain  that  slow  recovery  of  the 
power  of  comprehension  of  spoken  words  is  by  the  "  reeducation"  of  the 


*As  in  a  case  reported  by  Kahler,  Cent.  f.  Nerv.,  /88j,  p.  393.  The  statement  in  the 
text  is  only  a  probable  explanation.  We  need  more  facts  as  to  the  influence  of  definite 
lesions  on  reading. 

f  In  educated  persons  the  visual  memory  may  aid  in  the  revival,  and  probably  develops 
with  the  demand  upon  it.  An  accomplished  man  recovered  slowly  from  complete  word 
deafness  (with  persistent  hemiplegia).  He  said  that  if  he  had  a  difficulty  in  realizing  the 
meaning  of  a  word,  he  would  repeat  it  over  and  over,  and  at  last  seemed  to  see  the  letters 
of  the  word,  and  its  meaning  flashed  upon  him.  This  is  an  interesting  instance  of  the  way 
in  which  one  centre  may  reinforce  another.  A  different  example  of  similar  help  was  pre- 
sented by  a  patient  who  could  write,  but  could  only  understand  a  word  seen  if  he  traced  the 
letters  with  his  fingers  in  the  air  (Charcot,  Lefons,  T.  iii.  p.  161,  1887).  The  same  case  has 
been  recorded  by  Herczel.  So,  too,  a  patient  of  Wernicke's  was  able  to  read  writing  only 
by  tracing  over  the  letters  ("  Gehirnkr.,"  i,  p.  338). 
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right  hemisphere,  since  such  regained  power  has  been  again  lost  in  right- 
sided  disease.  The  readiness  with  which  such  recovery  takes  place  seems 
to  vary  much  in  different  persons,  as  is  the  case  also  in  motor  aphasia.  In 
some  there  is  no  recovery.*  As  a  rule,  however,  recovery  occurs  more 
readily  than  in  motor  loss. 

The  disorder  of  speech  in  word  deafness  varies  much  in  different  cases. 
As  a  rule,  considerable  use  of  words  remains,  but  chiefly  in  half-automatic1 
spontaneous  speech.  Parts  of  speech  in  more  general  use,  prepositions, 
adjectives,  verbs,  etc.,  are  readily  uttered,  but  there  is  great  difficulty  in 
more  special  words,  such  as  nouns.  The  patient  often  employs  a  circumlo- 
cution of  more  general  words  instead  of  the  special  word  that  he  cannot 
revive.  Instead  of  the  word  "knife"  he  may  say,  "something  to  cut 
with."  In  extreme  cases,  there  may  be  much  error  in  the  forms  of  words, 
and  these  errors  are  often  distinctly  due  to  the  inadequacy  of  the  motor 
memory  on  which  the  patient  has  to  rely.  Sometimes,  indeed,  there  is  as 
much  formal  disorder  and  "ataxy"  of  speech  as  in  motor  aphasia — one  of 
the  considerations  that  militate  against  the  use  of  this  term  as  a  designation 
for  the  motor  variety.  In  very  rare  cases,  extensive  disease  of  the  sensory 
region  has  caused  an  almost  absolute  loss  of  expression  by  words,  greater, 
indeed,  than  can  be  altogether  explained,  and  such  as  to  resemble  the  loss 
in  disease  of  the  motor  region. f  The  effect  of  disease  of  both  temporal 
lobes  is,  of  course,  to  preclude  recovery,  and  great  derangement  of  speech 
results..  In  one  case  of  complete  deafness  from  cerebral  disease,  in  which 
such  a  double  lesion  probably  existed,  speech  was  almost  unintelligible.  J 

Word  deafness  renders  the  patient  unaware  of  his  errors ;  a  striking  differ- 
ence from  the  motor  form,  in  which  the  patient  at  once  recognizes  his  mis- 
takes, and  is  annoyed  at  them.  In  absolute  word  deafness  the  patient  is 
unable  to  repeat  words  uttered  to  him,  but  in  partial  loss  he  is  able  to  repeat, 
often  with  some  formal  errors. 

The  patient  is  also  unable  to  read  in  many  cases  of  word  deafness,  but  it 
is  probable  that  this  is  the  result  of  the  auditory  loss,  or  is  due  to  damage 
to  the  visual  centre,  which  is  supplied  by  the  same  artery  as  the  auditory 
centre,  and  often  suffers  in  the  same  lesion.  Inability  to  read,  as  an 
isolated  symptom,  is  probably  always   due  to  a  lesion   of  the  supra-mar- 

*  As  in  a  case  recorded  by  Rosenthal,  in  which  word  deafness  remained  absolute  until  the 
death  of  the  patient,  two  and  a  half  years  after  the  onset  ( Gazeta  lekarska,  1883,  and  Vir- 
chow's  Jahresb.,  1883,  ii,  p.  85). 

f  Thus,  in  a  case  recorded  by  DTIeilly  {Prog.  Mid.  1883,  No.  2),  arterial  thrombosis  in 
the  course  of  phthisis  caused  softening  of  the  left  first  and  second  temporal  convolutions,  and 
of  part  of  the  angular  gyrus,  without  implicating  the  motor  speech  region ;  the  patient,  dur- 
ing the  nine  weeks  she  lived,  only  uttered  the  words  "parceque,"  "  le  plan,"  and  "oui, 
monsieur."  She  understood  no  words,  but  comprehended  signs  readily.  She  had  lost  the 
power  of  reading  and  writing.  In  a  case  of  Charcot's,  described  by  Trousseau,  in  which 
the  lesion  involved  only  the  first  and  second  temporal  convolutions  and  the  posterior  half  of 
the  island  of  Reil,  the  patient  uttered  only  "  ta-ta-ta"  during  eight  months. 

X  Wernicke  and  Friedlander,  Fortschritte  d.  Med.,  1883. 


SYMPTOMS.  551 

ginal  and  angular  convolutions.*  It  is  not  often  that  there  is  actual  mind 
blindness,  an  inability  to  recognize  not  only  words,  but  any  object,  until 
some  other  sense  than  that  of  sight  is  employed  (see  Affections  of  Vision). 
In  some  cases  the  patient  has  been  able  to  read  aloud  correctly,  but  did  not 
understand  what  he  read.  The  effect  on  writing  is  similar  to  the  effect  on 
speech,  but  greater,  owing  to  the  double  symbolism  and  the  extension  of 
error  thus  produced. 

We  have  seen  that  in  partial  word  deafness,  partial  from  the  beginning  or 
partial  by  recovery,  a  condition  exists  in  which  there  is  great  difficulty  in 
the  voluntary  revival  of  words,  especially  of  the  more  special  words,  such  as 
nouns.  This  is  the  "  verbal  amnesia,"  or  "  amnesic  aphasia,  "f  As  already 
stated,  it  sometimes  constitutes  the  sole  defect  from  the  beginning,  and  is 
then  commonly  regarded  as  a  distinct  variety  of  aphasia,  and  has  been 
ascribed  to  interruption  of  the  conducting  path  between  the  auditory  and 
motor  centres  (see  above,  p.  546).  Whether  the  condition  is  actually  thus 
produced,  and  whether  a  simple  interruption  of  this  path  can  produce  this 
effect,  remains  to  be  proved.  The  condition  is  often  conjoined  with  slight 
word  deafness,  and  then  is  probably  due  to  a  partial  lesion  of  the  auditory 
word  centre.  It  may  not  only  be  a  residual  condition  left  by  partial  recovery 
from  a  considerable  degree  of  word  deafness,  but,  as  we  have  seen  (p.  548), 
it  may  be  left  by  recovery  from  complete  and  pure  motor  aphasia.  The 
fact  that  a  typical  "amnesic  aphasia"  may  be  merely  a  residual  condition 
left  by  a  pure  motor  aphasia  is  very  important.  It  is  proved  by  several 
recorded  cases  in  which  an  autopsy  was  obtained. J  Another  important 
fact  is  that  the  loss  follows  a  regular  law  from  the  general  to  the  special. 
These  facts  suggest  that  the  essential  condition  for  the  production  of  this 
defect  is,  that  the  speech  processes  go  on  in  structures  relatively  incompe- 
tent. In  some  cases  the  structures  concerned  may  be  those  of  the  right 
hemisphere,  imperfectly  reeducated.  This  form  can  only,  therefore,  be 
admitted  as  a  pathological  variety  of  aphasia  with  some  reservation,  until 
more  evidence  is  obtained  regarding  the  lesion  that  causes  it  as  a  primary 
and  independent  defect. 

Inability  to  read,  alexia,  as  we  have  seen,  may  have  more  than  one  mode 
of  origin.  It  may  be  part  of  a  pure  motor  aphasia  in  those  in  whom  visual 
word  processes  can  only  arouse  mental  images  through  the  agency  of  the 
motor  speech  centre.  It  seems  strange  that  the  motor  process  should 
directly  arouse  the  nerve  processes  for  the  mental  conception,!  but  there  is 

*  As  in  a  case  recorded  by  Henschen,  Neurol.  Cent.,  1886,  p.  464. 

f  The  use  of  the  word  amnesia  in  this  restricted  sense  is  open  to  the  objection  pointed  out 
by  Hughlings  Jackson  and  Kussmaul,  that  there  is  more  than  one  memory  for  words  (see 

P-  549)- 

%  One  is  recorded  by  Battey  Tuke  and  Fraser  (Journ.  of  Mental  Science,  April,  1872) ; 

another  by  Sanders  (Edin.  Med.  Journ.,  1866,  p.  811). 

(j  i.  e.,  it  may  seem  strange  that  a  centrifugal  process  should  have  an  influence  which  seems 
to  be  centripetal ;  but  a  similar  influence  attends  other  motor  processes,  e.  g.,  our  estimate  of 
position  by  the  movements  of  the  ocular  muscles  (see  diseases  of  the  third  nerves). 


552  BRAIN. 

no  evidence  that  the  auditory  processes  intervene.  On  the  contrary,  the 
loss  of  these  processes  do  not  necessarily  abolish  the  power  of  reading,  as 
they  certainly  would  do  if  the  motor  centre  acted  only  through  the  auditory 
centre.*  In  other  cases  of  motor  aphasia,  the  power  of  reading  is  unimi 
paired,  presumably  because  the  visual  processes  arouse  directly  those  for  the 
ideas.  Without  motor  aphasia,  loss  of  the  power  of  reading  seems  to  be 
due  only  to  disease  of  the  posterior- inferior  region  of  the  parietal  lobe,  the 
region  of  the  higher  visual  centre.  We  have  seen  that  in  all  the  fatal  cases 
of  word  deafness  in  which  the  power  of  reading  was  lost,  the  disease  was 
found  to  extend  into  this  region.  .Hence  we  are  justified  in  assuming  that 
when  alexia  exists  as  an  isolated  condition,  the  disease  is  in  this  part.  This 
isolated  loss  of  the  power  of  comprehending  visual  word  symbols  has  been 
termed  by  Kussmaul  "word  blindness."  It  may  or  may  not  be  accom- 
panied by  "mind  blindness,"  which  necessarily  involves  alexia.  Word 
blindness  is  indeed  partial  mind  blindness.  In  this  condition  there  may  be 
ability  to  speak  and  to  write,  but  the  patient  writes,  as  one  of  Charcot's 
patients  expressed  it,  "as  if  with  the  eyes  closed,"  and  this  patient  did 
actually  write  as  well  when  his  eyes  were  closed  as  when  they  were  open.f 
Moreover,  he  could  understand  written  words  if  his  hand  were  made  to  trace 
the  letters  in  passive  movement.  Such  loss  of  visual  word  symbols  has  been 
met  with  in  a  few  cases  of  hemianopia ;  it  is  not  a  necessary  consequence 
of  hemianopia,  even  when  this  is  of  cortical  origin,  and  probably  indicates 
that  the  lesion  extends  beyond  the  limits  of  the  occipital  lobe  into  the 
parietal  cortex.  J  The  lesion  causing  alexia  is  always  on  the  left  side  of  the 
brain  in  right-handed  persons;  on  the  right  side  in  left-handed  persons.§ 
The  various  character  of  the  symptoms  due  to  disease  of  this  part  of  the 
parietal  lobe  may  be  due  to  the  fact  that  its  blood  supply  is  often  derived 
from  two  different  arterial  systems,  and  the  area  supplied  by  each  seems  to 
be  subject  to  considerable  variations.  Hence  partial  disease  is  the  rule, 
complete  destruction  the  rare  exception. 

Inability  to  write,  agraphia,  as  we  have  seen,  results  from  destruction  of 
the  motor  speech  centre,  and  is  then  usually  absolute,  even  when  the  right 
hand  is  not  paralyzed.  Spontaneous  writing,  and  writing  from  dictation, 
are  alike  abolished,  and  hence  it  would  seem  that  there  is  no  direct  path 
from  the  auditory  word  centre  to  the  arm  centre,  but  that  the  word  pro- 
cesses must  first  be  energized,  as  for  articulate  speech.     But  the  patient  is 

*  In  this  connection  it  is  instructive  to  note  that  even  the  motor  processes  for  writing  may 
assist  in  arousing  the  mental  images,  as  in  the  case  mentioned  in  the  note  on  p.  549* 
Wernicke  and  Kussmaul  assume  that  the  auditory  centre  intervenes,  and  that  the  unedu- 
cated man,  who  can  only  read  by  the  help  of  his  motor  centre,  "  has  to  read  aloud  to  him- 
self" in  order  to  understand; — an  assumption  opposed  to  facts. 

f  Charcot,  Lemons,  Tome  iii,  p.  160. 

%  A  lesion  of  the  white  substance  involving  the  optic  radiation  may  also  involve  the 
parietal  cortex, 

\  In  the  case  recorded  by  Bernheim  (see  p.  588)  of  left  hemianopia  and  mind  blindness 
in  a  left-handed  man,  alexia  was  necessarily  present. 
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able  to  copy,  usually  only  in  the  characters  that  are  before  him  ;  sometimes, 
however,  by  a  translation  of  printed  into  written  characters.  It  is  certain 
that,  very  often,  the  words  copied  are  not  understood.  In  word  deafness, 
as  we  have  just  seen,  the  ability  to  write  persists,  but  not  that  of  writing 
from  dictation.  In  word  blindness,  the  patient  can  write,  spontaneously  or 
from  dictation,  but  cannot  copy.  The  difficulty  in  writing,  as  before 
stated,  is  often  greater  than  in  other  forms  of  expression,  but  it  is  very 
seldom  that  it  so  far  preponderates  as  to  resemble  isolated  agraphia.  The 
possibility  of  isolated  agraphia  has  been  doubted,  and  is,  indeed,  difficult  to 
understand.  But  a  curious  case  of  partial  agraphia  has  been  recorded  by 
Pitres.*  In  a  syphilitic  man,  right  hemiplegia  without  anaesthesia  came  on 
suddenly ;  it  disappeared  under  treatment,  leaving  some  rigidity,  and  there 
remained  also  right  hemianopia,  with  inability  to  write.  Speech  was  never 
affected.  The  patient  could  copy  in  fac  simile,  but  could  not  write  a  single 
word,  spontaneously  or  from  dictation,  with  his  right  hand.  Nevertheless, 
he  could  write  easily  with  his  left,  and  then  copy  what  he  had  written  with 
his  right  hand.  He  could  read  either  printed  or  written  words  with  perfect 
facility.  This  strange  case  seems  to  prove  the  possibility  of  an  isolated 
partial  agraphia.  A  lesion  separating  the  left  arm  centre  from  the  motor 
speech  centre,  leaving  the  callosal  fibres  intact,  affords,  perhaps,  the  best 
explanation  of  the  symptoms,  but  this,  or  any  explanation,  must  be  purely 
speculative  ;  and  it  may  be  added,  the  possibility,  and  even  probability,  of 
more  than  one  lesion  prevents  any  conclusion  from  the  combination  of 
symptoms. 

Aphasia,  motor  or  sensory,  may  be  produced  by  any  kind  of  lesion,  but 
it  is  due  to  softening  more  frequently  than  to  hemorrhage,  on  account  of  the 
greater  frequency  with  which  the  former  lesion  involves  the  cortex. 

The  region  of  the  cortex  in  which  the  speech  centres  are  situated  is  sup- 
plied by  the  middle  cerebral  artery  (see  Fig.  217,  p.  499),  and  obstruction 
of  this  is  the  most  frequent  cause  of  aphasia.  Motor  aphasia  is  produced  by 
the  softening  due  to  obstruction  of  the  first  branch  of  the  artery  ;  sensory 
aphasia  by  that  of  the  fourth  branch.  Since  the  second  branch  supplies  the 
chief  part  of  the  central  convolutions,  hemiplegia  is  often  associated  with 
motor  aphasia.  Another  occasional  association  is  visual  loss.  The  occur- 
rence of  hemianopia  with  word  blindness  has  been  already  mentioned. 
Hemianopia  is  also  sometimes  associated  with  motor  aphasia,  but  the  affec- 
tion of  sight  in  such  cases  usually  depends  on  a  lesion  near  the  internal  cap- 
sule. Softening  in  this  position,  e.  g.,  near  the  thalamus,  may  extend  out- 
ward to  the  first  temporal  convolution,  or  forward  and  outward,  through  the 
lenticular  nucleus,  to  the  island  of  Reil  and  third  frontal  convolution. 

Loss  of  speech  in  children  may  be  due  to  the  same  causes  as  are  effective 
in  adults.f     Some  of  these  are  exceedingly  rare  in  childhood,  while  other 


*  Revue  de  Med.,  1884,  p.  825. 

f  Ninety  cases  of  aphasia  in  children  have  been  collected  by  Steffen  {Jahrb.fiir  Kinder- 
heilk.,  Bd.  xxiii,  p.  127). 
35- 


554  BRAIN. 

causes  are  more  common  in  early  than  in  later  life.  One  of  the  latter  is 
tubercular  disease,  which  is  a  comparatively  frequent  cause  of  aphasia  in 
children.  Thus,  speech  is  lost  in  some  cases  of  tubercular  meningitis, 
probably  in  consequence  of  irritative  inhibition,  which  may  also  cause 
motor  paralysis!  The  speech  centre  seems  specially  susceptible  of  inhibi-" 
tion.  If  recovery  occurs  from  an  organic  lesion  that  has  destroyed  the 
motor  speech  centre,  the  power  of  speech  seldom  remains  absent  for  more 
than  a  few  weeks,  compensation  by  the  right  hemisphere  occurring  with 
great  readiness. 

Aphasia  may  be  due  to  functional  disturbance  of  the  brain  as  well  as  to 
organic  disease.  It  may  thus  form  part  of  various  functional  disorders, 
combined  with  other  symptoms,  and  it  may  also  occur  alone.  When  right- 
sided  convulsions  occur  from  any  cause,  but  especially  from  organic  disease, 
there  is  often  transient  inability  to  speak,  and -this  may  continue  for  a"  quar- 
ter or  half  an  hour,  or  even  longer,  after  the  fit.  It  is  especially  common 
when  the  convulsion  begins  in  the  face  or  tongue,  and  may  occur  when  the 
spasm  is  very  slight,  and  even  when  there  is  no  convulsion,  but  merely  a 
sensory  discharge,  tingling,  etc.  Aphasia  is  also  met  with  as  part  of  attacks 
of  migraine,  chiefly  in  those  in  which  sensory  disturbance  occurs  in  the  limbs 
of  the  right  side.  A  patient  who  has  such  sensory  disturbance,  sometimes 
on  one  side,  sometimes  on  the  other,  will  have  aphasia  when  the  disturbance 
is  on  the  right  side,  and  not  when  it  is  on  the  left.  As  an  isolated  symptom, 
functional  aphasia  occurs  chiefly  in  children.  It  has  been  excited  by 
emotion,  by  some  peripheral  irritation  in  the  intestinal  tract  or  elsewhere, 
and  in  the  course  of  acute  specific  diseases,  especially  of  typhoid  fever. 
Many  examples  of  this  have  been  recorded.  Transient  aphasia  was  due,  in 
one  case,  to  the  irritation  of  a  tapeworm.*  In  cases  of  peripheral  injury  it 
is  uncertain  whether  the  chief  influence  has  been  reflex  or  emotional.  A 
child  became  speechless  during  the  division  of  a  tendon  without  anaesthesia, 
and  continued  speechless  for  eight  days.f  Aphasia  coming  on  during  the 
course  of  typhoid  fever  has  certainly  been  sometimes  due  to  organic  disease, 
for  it  has  been  associated  with  characteristic  symptoms,  such  as  hemiplegia. 
But  in  other  cases  it  has  occurred  alone,  and  after  lasting  for  a  few  days,  or 
for  one  or  two  weeks,  it  has  passed  away  suddenly.  Such  cases  suggest  that 
the  loss  was  due  to  an  influence  of  the  blood  state  on  the  brain.  It  has 
come  on  as  early  as  the  first  week,  and,  in  one  recorded  case,  it  continued 
until  the  seventh  week.  It  occurs  chiefly  in  severe  cases,  but  does  not  seem 
to  render  the  prognosis  more  grave.  The  aphasia  has  generally  presented 
the  characters  of  the  motor  variety ;  very  rarely  those  of  the  sensory  form.! 

Cases  that  can  be  regarded  as  congenital  aphasia  are  extremely  rare.  In 
most  instances  there  have  been  signs  of  a  bilateral  lesion  of  the  brain, 

*  J.  A.  y  Tusset,  Estud.  Clin.,  1884,  and  Cent./.  Nervenk.,  1884,  p.  491. 
f  Demrne,  W ten  Med.  Blall,  1884,  No.  51. 

J  The  subject  of  aphasia  in  typhoid  fever  has  been  discussed  by  Kuhn,  Deui.  Arch.  f. 
kl.  Med.,  xxxiv,  56,  and  by  Longuet,  L  Union  Med.,  1884,  No.  60. 
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involving  the  motor  centres  for  the  tongue  and  lips,  movement  of  which  is 
usually  distinctly  defective.  The  cause  is  probably  meningeal  hemorrhage 
during  birth. 

A  very  important  question  in  connection  with  aphasia  is  its  influence  on 
testamentary  capacity.  It  must  depend,  in  any  given  case,  on  the  ability 
to  understand  perfectly  what  is  put  before  the  testator,  and  to  express  at 
least  assent  and  dissent  with  certainty.  Word  deafness  is  incompatible  with 
will  making,  because  it  is  impossible  to  know  whether  the  testator  really 
understands  what  is  said  to  him.  With  perfect  comprehension  of  spoken 
words,  a  valid  will  might  be  made  if  there  was  the  power  to  express  assent 
or  dissent  by  signs,  even  if  the  testator  was  speechless. 

The  treatment  of  aphasia,  so  far  as  it  is  possible,  is  described  in  the  chap- 
ter on  softening  of  the  brain.  The  history  of  the  more  important  steps  in 
the  discovery  of  the  cerebral  relations  of  speech  is  briefly  this.  The  faculty 
of  language  was  first  attributed  to  the  frontal  lobes  by  Bouillaud,  in  1825, 
and  to  the  left  hemisphere,  near  the  island  of  Reil,  by  Dax,  in  1836.  The 
title  of  Dax's  paper  is  worth  preserving.  It  was  "Lesions  of  the  Left  Half 
of  the  Brain  coinciding  with  Loss  of  Memory  of  the  Signs  of  Thought." 
The  function  was  further  limited  to  the  third  frontal  by  Broca  in  1861.  The 
localization  of  the  auditory  centre  in  the  first  temporal  is  due  to  Meynert 
and  Wernicke,  and  to  the  latter  belongs  also  the  credit  of  the  localization 
of  word  deafness  to  this  region  of  the  left  hemisphere. 

GENERAL  SYMPTOMS. 

Besides  the  symptoms  that  depend  on  a  derangement  of  the  mental,  motor, 
and  sensory  functions  of  the  brain,  cerebral  disease  may  cause  symptoms 
that  are  general,  or  consist  in  disturbance  of  other  organs  of  the  body. 
These  may  be  conveniently  considered  together,  although  they  bear  differ- 
ent relations  to  the  cerebral  disease,  and  the  relation  of  the  same  symptom 
may  vary  in  different  cases. 

Temperature. — Elevation  of  temperature  is  frequent  in  cerebral  disease, 
and  is  an  instance  of  the  difference  of  relation  just  mentioned.  (1)  It  may 
be  merely  associated ;  the  two  symptoms,  the  cerebral  disease  and  the 
pyrexia,  being  the  result  of  a  common  cause.  In  ulcerative  endocarditis  we 
may  have  elevation  of  temperature  from  the  alteration  in  the  blood,  etc., 
and  cerebral  symptoms  in  consequence  of  embolism  in  the  arteries  of  the 
brain.  In  many  cases  we  may  be  in  doubt  to  what  extent  the  pyrexia  is  due 
to  the  general  or  the  cerebral  disease,  as,  for  instance,  in  general  tubercu- 
losis with  a  tubercular  tumor  of  the  brain  or  tubercular  meningitis  ;  and  in 
pyaemia  with  secondary  abscess  of  the  brain  or  secondary  meningitis.  (2) 
The  elevation  of  temperature  may  be  due  to  the  pathological  process,  which 
would  have  a  similar  effect  if  it  were  in  any  other  situation.  Meningitis  is 
an  example ;  the  attendant  pyrexia  is  the  result  of  the  inflammation.  There 
are  two  important  facts  to  be  remembered  regarding  this  consecutive  eleva- 
tion of  temperature.  First,  it  may  be  absent ;  the  effect  of  the  disease  on 
the  nervous  system  is  to  prevent  the  pyrexia  which  the  morbid  process  would 
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otherwise  cause.  Secondly,  and  connected  with  the  last,  is  the  fact  that 
the  pulse  may  not  present  the  acceleration  that  usually  accompanies  pyrexia, 
and  may  even  be  abnormally  infrequent.  Hence  the  absence  of  pyrexia 
does  not  exclude  intracranial  inflammation,  while  elevation  of  temperature 
has  additional  significance  if  the  pulse  is  not  quickened.  (3)  The  pyrexia 
may  be  the  direct  result  of  the  cerebral  lesion ;  that  is,  of  the  disturbed  func- 
tion of  the  nervous  system,  not  of  the  pathological  process  by  which  that 
function  is  disturbed.  This  effect  is  produced  especially  by  lesions  of  the 
pons  and  medulla;  in  these  the  temperature  may  rise  to  1040,  to6°,  or  108°, 
and  with  the  hyperpyrexia  there  is  usually  an  abundant  secretion  of  sweat. 
In  some  severe  cases  of  hemorrhage  into  other  parts  of  the  brain  there  is  also 
an  initial  and  considerable  rise  of  temperature,  to  1030  and  1040  (Bourne- 
ville).  Such  cases  are  usually  rapidly  fatal.  In  some  cases  of  meningitis 
the  temperature  becomes  very  high  just  before  death,  apparently  from  a 
similar  mechanism.  The  pyrexia  that  accompanies  the  peculiar  apoplecti- 
form attacks  in  general  paralysis  of  the  insane  is  probably  of  this  nature, 
since  it  is  too  brief,  in  proportion  to  its  degree,  to  be  ascribed  to  the  patho- 
logical process  causing  the  attack.  Perhaps  the  brief  fever  that  may  attend 
the  migrainous  headaches  of  children  is  due  to  a  similar  mechanism.  (4) 
The  temperature  may  be  raised  as  a  secondary  effect  of  the  disturbance  of 
cerebral  function.  When  severe  convulsions  are  frequently  repeated,  what- 
ever be  their  cause,  the  temperature  rises,  apparently  in  consequence  of  the 
muscular  exertion. 

Depression  of  temperature  is  less  common,  and  is  met  with  chiefly  at  the 
onset  of  cerebral  hemorrhage.  It  is  then  accompanied  by  other  signs  of 
severe  shock.  When  there  is  a  large  hemorrhage,  or  when  several  hemor- 
rhages occur  in  quick  succession,  this  fall  may  progress  until  death  occurs, 
and  the  rectal  temperature  may  fall  to  900. 

Vasomotor  and  trophic  disturbance  occurs  most  frequently  in  cases  of 
hemiplegia,  in  the  account  of  which  it  has  been  already  described.  It  is 
also  met  with  in  meningitis  and  some  other  diseases. 

The  pulse  may  be  increased  in  frequency  when  there  is  febrile  disturbance, 
whether  this  is  a  consequence  of  the  brain  disease  or  merely  associated  with 
it;  but,  as  we  have  seen,  the  acceleration  that  usually  attends  inflammatory 
pyrexia  may  be  absent,  and  the  pulse  may  even  be  less  frequent  than  nor- 
mal. As  a  direct  effect  of  the  brain  disease  on  the  cardiac  centre  of  the 
vagus,  the  action  of  the  heart  may  also  be  accelerated,  retarded,  or  ren- 
dered irregular.  This  influence  is  exerted  most  frequently  when  the  disease 
is  near  the  medulla  oblongata,  but  sometimes  when  it  is  distant.  When 
intracranial  disease  raises,  the  temperature  to  an  extreme  degree,  the  pulse 
often  becomes  very  frequent  and  soft.  Irregularity  is  sometimes  an  early 
indication  of  meningitis,  especially  in  children.  Retardation  to  fifty,  forty, 
or  thirty  beats  per  minute  may  occur  in  meningitis  and  apoplexy,  and  some- 
times in  cases  of  tujnor,  abscess,  and  of  increased  intracranial  pressure.  It 
is  probably  due  to  over  action  of  the  centre  that  normally  restrains  the 
heart's  action. 
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Respiration  also  is  occasionally  disturbed.  When  the  cerebral  functions 
are  lowered,  as  in  stupor  or  coma,  the  respirations  are  lessened  in  frequency 
and  increased  in  depth.  In  meningitis  and  apoplexy  (especially  in  cerebral 
hemorrhage)  the  peculiar  "  Cheyne-Stokes  breathing"  sometimes  occurs, 
and  is  usually  the  precursor  of  death.  The  respirations  present  a  cycle  of 
increasing  and  decreasing  depth ;  the  fall  goes  on  to  actual  cessation  of 
breathing,  and  after  a  pause  slight  respiratory  movements  recommence,  at 
first  scarcely  perceptible,  gradually  increasing  in  intensity,  until  deep 
dyspnoeal  breathing  marks  the  acme,  and  the  respirations  again  lessen. 
During  the  pause  the  pupils  often  contract,  and  the  heart's  action  becomes 
less  frequent.  The  period  of  arrest  lasts  from  five  to  forty  seconds,  and  the 
duration  of  each  cycle  may  be  from  fifteen  to  seventy-five  seconds,  and  may 
vary  from  day  to  day.  The  number  of  respirations  in  each  cycle  never 
exceeds  thirty.  This  peculiar  phenomenon  is  met  with  in  other  diseases 
besides  those  of  the  brain.  It  occurs  in  heart  disease  (in  connection  with 
which  it  was  first  studied),  and  in  uraemia,  and  has  also  been  observed 
(chiefly  in  children)  in  rare  cases  of  typhoid  fever,  scarlet  fever,  diphtheria, 
influenza,  pneumonia,  whooping  cough  with  inanition,  and  opium  poison- 
ing. In  general  maladies  it  is  a  less  grave  sign  than  in  disease  of  the  brain, 
and  several  cases  of  recovery  are  on  record.  In  brain  disease  the  patient 
is  almost  always  comatose,  but  in  other  cases  consciousness  has  been 
retained,  and  the  symptom  has  been  known  to  continue  for  as  long  as  forty 
days.* 

A  form  of  respiration  which  must  be  distinguished  from  that  just  described 
consists  of  periods  of  deep  and  energetic  breathing,  which  begin  suddenly  ; 
the  respirations  gradually  lessen  in  depth  until  they  cease,  and  after  a  period 
of  stillness  energetically  recommence.  The  sudden  commencement  is  the 
distinction  of  this  form.  In  another  variety,  seen  by  Biotf  in  meningitis, 
the  periods  of  deep  breathing  not  only  commence  suddenly,  but  end  sud- 
denly. 

Many  attempts  have  been  made  to  explain  the  Cheyne-Stokes  breathing, 
none  of  which  are  quite  satisfactory.  WalsheJ  first  suggested  that  it  is  due 
to  lessened  excitability  of  the  respiratory  centre,  a  theory  afterward  stated, 
in  more  definite  form,  by  Traube  §  and  by  Rosenbach.||  It  is  difficult  to 
understand  how  the  gradual  character  of  both  the  onset  and  the  decline  of 
the  breathing  can  be  due  to  simple  lowered  excitability,  although,  since 
rhythmical  action  seems  a  character  of  the  centre  itself, \  it  is  just  conceiv- 

*  Murri,  Rivista  Clin,  di  Bologna,  1883,  Nos.   10  and  II. 

f  "Sur  la  Resp.  de  Cheyne-Stokes,"  Paris,  1878. 

%  "Diseases  of  the  Heart,"  3d  Ed.,  1862,  p.  345. 

\  Fraenztel,  Report  of  Clinique  Berl.  kl.    Wockenschr.,  No.  27,   1869. 

||  Zeitschrift  f.  klin.  Med.,  Bd.  I,  Heft  3.  Rosenbach's  theory  is  often  spoken  of  as 
•distinguishable  from  Traube's,  from  which  it  differs,  however,  only  by  ascribing  the 
lessened  excitability  to  altered  "  interchange  of  material  in  the  cells." 

\  See  "  Foster's  Physiology,"  3d  Ed.,  p.  355. 
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able  that  the  larger  rhythm  with  gradual  change  may  be  due  solely  to  the 
functional  characteristics  of  the  centre,  working  under  altered  conditions. 
The  chief  attempt  to  give  a  more  complete  explanation  has  been  made  by 
Filehne,*  who  found  that  the  breathing  could  be  produced  in  animals  under 
the  influence  of  morphia,  by  making  them  inhale  ether  or  chloroform.  He 
observed,  during  the  pause,  an  increase  of  blood  pressure,  with  some  pallor 
of  the  mucous  membranes,  and  ascribed  these  to  arterial  spasm,  due  to 
stimulation  of  the  vasomotor  centres  by  the  asphyxial  blood.  He  assumed 
that  a  lowered  irritability  of  the  respiratory  centre  renders  it  less  excitable 
than  the  vasomotor  centre  ;  that  the  consequent  arterial  spasm  in  the  arteries 
of  the  medulla  prolongs  the  stimulation  of  the  respiratory  centre  (and  also 
that  of  the  vasomotor  centre)  by  hindering  the  access  of  the  oxygenated 
blood.  Thus  the  respiratory  movements  continue  energetic  after  the  blood 
has  become  well  oxygenated.  In  support  of  this  vascular  theory  he  adduced 
two  other  facts.  He  was  able  to  produce  perfect  Cheyne-Stokes  breathing 
(even  to  the  changes  in  the  pupils)  by  gradually  constricting  and  then 
releasing  the  arteries  conveying  blood  to  the  head ;  and  secondly,  he  found 
that,  in  a  patient  with  this  breathing,  nitrite  of  amyl,  which  dilates  the  ves- 
sels, arrested  the  phenomena.  Filehne's  theory  has  been  criticised  adversely, 
and  some  of  his  facts  have  even  been  called  in  question,  but  chiefly  by  those 
who  have  vested  interests  in  other  hypotheses.  On  the  whole,  it  may  be  said 
that,  unless  the  simple  rhythmical  tendency  of  the  depressed  centre  is  ade- 
quate to  produce  the  phenomena,  they  can  be  best  explained  by  the  assump- 
tion that  this  rhythmical  tendency  is  modified  by  some  other  periodical 
influence,  of  which  vasomotor  spasm  is  the  only  one  which,  according  to 
our  present  knowledge,  can  be  conceived  as  acting  and  adequate,  f  The 
gradual  onset  of  the  respirations  may  be  due  to  the  fact  that  the  vasomotor 
dilatation  exceeds  the  normal  (as  it  often  does  after  contraction),  and  thus 
the  quantity  of  blood  reaching  the  respiratory  centre  lessens  the  stimulating 
influence  of  its  quality. 

Respiration  is  arrested  at  once  by  a  sudden  lesion  in  the  respiratory  cen- 
tre of  the  medulla,  and  more  slowly  by  disease  that  gradually  impairs  the 
action  of  the  centre,  such  as  the  effusion  of  blood  into  the  fourth  ventricle. 
Indeed,  the  extensive  connection  of  this  centre  with  the  brain,  seen,  for 
instance,  in  the  readiness  with  which  its  action  is  altered  by  emotion,  makes 
it  sensitive  to  any  considerable  depression  of  the  cerebral  functions,  and  in 
many  brain  diseases  death  is  thus  brought  about.  Lesions  near  the  centre 
may  cause  other  disturbances  of  breathing  than  those  described,  such  as 
simple  irregularity,  or  paroxysmal  cough,  which  may  be  semi-convulsive  in 
character.  On  account  of  the  gravity  of  lesions  in  this  part,  such  disturb- 
ance of  breathing  is  generally  a  fatal  omen.  ■ 

*  Berl.  kl.    Wochenschrift ,  1874,  Nos.  13,  14,  32,  and  35. 

f  The  superficial  analogy  of  the  phenomena  to  the  effects  of  "interference"  in  the  action 
of  two  series  of  rhythmical  events,  as  the  waves  of  sound,  can  scarcely  fail  to  occur  to  an 
observer,  but  of  course  no  direct  inference  can  be  drawn  from  it. 
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In  all  conditions  in  which  the  cerebral  functions  are  profoundly  depressed, 
such  as  coma,  secretion  accumulates  in  the  air  passages ;  bronchial  and  tracheal 
rales  are  thus  produced,  and  are  often  erroneously  regarded  as  the  indica- 
tion of  bronchitis.  The  accumulation  is  due  chiefly  to  the  depression  of  the 
respiratory  centre,  in  consequence  of  which  the  secretion  is  not  removed,  as 
in  health,  and  its  amount  is,  perhaps,  increased  by  passive  congestion.  Such 
congestion  of  the  lungs  is  very  common  in  these  cases,  and  is  a  frequent 
cause  of  death. 

Digestive  Organs. — Anorexia  is  common  in  febrile  states,  and  also  in 
conditions  of  lessened  consciousness.  It  is  said  that  bulimia  is  sometimes 
met  with,  but  it  very  rarely  occurs  as  a  symptom  of  organic  lesions. 

Vomiting,  however,  is  one  of  the  most  frequent  and  most  important  symp- 
toms of  intracranial  disease.  It  is  frequent  in  meningitis,  tumor,  abscess,  at 
the  onset  of  hemorrhage,  and  in  cases  of  increased  intracranial  pressure.  It 
may  result  from  disease  in  any  part  of  the  brain,  but  is  especially  common 
when  the  cerebellum  is  affected.  This  symptom  often  occurs  early,  and 
may  be  produced  by  disease  of  very  limited  extent.  The  immediate  cause  of 
vomiting  is  an  increased  irritability  of  the  gastric  part  of  the  vagus  centre, 
and  its  occurrence  in  disease  in  various  parts  of  the  brain  is  another  indica- 
tion of  the  wide  extent  of  the  central  relations  of  the  vagus.  It  cannot  be 
ascribed  in  all  cases  either  to  irritation  of  the  membranes  or  to  increased 
intracranial  pressure,  although  these  conditions  are  certainly  capable  of  pro- 
ducing it. 

In  cerebral  vomiting,  food  is  generally  rejected  soon  after  it  has  been 
taken  ;  there  are  no  local  gastric  symptoms  ;  no  discomfort  or  pain  is  pro- 
duced by  the  presence  of  food  in  the  stomach,  a  symptom  which  almost 
always  attends  the  quick  rejection  of  food  from  gastric  disease.  Cerebral 
vomiting  may  be,  and  often  is,  unattended  by  nausea,  but  this  is  not  an 
invariable  characteristic.  In  some  cases  nausea  is  distressing.  Occasionally 
the  patient  vomits  when  there  is  no  food  in  the  stomach,  but  this  is  not 
common.  The  disease  increases  the  irritability  of  the  centre,  but  stimula- 
tion of  the  peripheral  nerves  by  food  is  usually  necessary  to  excite  the  act. 
The  cerebral  conditions  that  cause  vomiting  usually  also  cause  headache, 
and  the  coexistence  of  persistent  pain  in  the  head,  with  frequent  vomiting, 
should  always  raise  a  suspicion  of  cerebral  disease.  Optic  neuritis  is  also  a 
common  result  of  the  same  cerebral  condition,  and  the  eyes  should  always 
be  examined  in  every  suspicious  case.  For  a  long  time  there  may  be  no 
other  symptoms.  It  is  most  important,  however,  to  note  that  in  the  early 
stage  of  disease,  when  the  excitability  of  the  centre  is  but  little  augmented, 
some  exciting  cause  may  produce  the  first  vomiting,  and  the  cause  may 
seem  adequate  to  account  for  it.  Before  the  increased  irritability  of  the 
centre  reaches  such  a  degree  as  to  cause  spontaneous  vomiting,  it  may  be 
sufficient  to  lead  to  the  rejection  of  an  injudicious  meal.  Such  explicable 
vomiting  is  often  the  first  sign  of  intracranial  disease,  especially  in  children. 
Patients  who  vomit  without  other  indications  of  gastro-intestinal  disturb- 
ance should  be  carefully  watched. 


560  BRAIN. 

Constipation  frequently  attends  intracranial  disease,  such  as  tumor,  men- 
ingitis, etc.,  although  it  rarely  exists  until  other  symptoms  are  apparent. 

Urinary  Organs. — The  urine  is  seldom  altered  in  composition  by  organic 
brain  disease,  although  polyuria  rarely,  and  glycosuria  occasionally,  have 
been  produced  by  disease  of  the  pons  or  medulla  oblongata.  Albuminuria 
occasionally  occurs  from  the  same  cause,  and  may  be  a  transient  effect  of 
lesions  elsewhere  in  the  brain,  or  of  meningitis.  But  albuminuria,  it  must 
be  remembered,  is  a  frequent  concomitant  of  vascular  lesions  in  the  brain, 
because  kidney  disease  is  one  of  the  most  potent  causes  of  vascular  degenera- 
tion. The  amount  of  albumen  excreted  in  these  cases  is  often  greatly 
increased  for  a  few  days  by  a  cerebral  lesion. 

Retention  of  urine  and  overflow  incontinence  are  common  in  condi- 
tions of  lowered  cerebral  function,  from  whatever  cause  ;  but  there  is  not 
the  paralytic  incontinence  that  is  met  with  in  spinal  disease  (see  p.  162). 
Urine  and  feces  are  often  passed  into  the  bed,  etc.,  in  cases  of  mental 
impairment,  without  any  actual  loss  of  power  over  the  sphincters,  and,  as 
already  stated,  this  symptom  is  always  indicative  of  a  considerable  degree  of 
mental  change. 

OPHTHALMOSCOPIC  SYMPTOMS. 
Morbid  appearances  in  the  fundus  oculi  are  frequent  in  cases  of  organic 
brain  disease,  and  are  of  great  practical  importance.  Some  of  these  are 
associated,  the  result  of  the  cause  of  the  cerebral  lesion  ;  others  are  consecu- 
tive, and  are  the  effect  of  the  brain  disease.  The  two  kinds  are  sometimes 
conjoined. 

1.  The  associated  changes  are  due  to  the  constitutional  condition,  that  is, 
to  the  ultimate  cause  of  the  brain  disease,  and  are  sometimes  of  the  same 
nature  as  the  cerebral  lesion.  The  following  are  the  most  important:  (1) 
Albuminuric  retinitis,  acute  and  chronic  ;  it  is  associated  chiefly  with  arterial 
degeneration,  causing  either  cerebral  hemorrhage  or  softening  from  throm- 
bosis. (2)  Syphilitic  disease,  usually  choroiditis,  or  the  atrophy  that  such 
inflammation  leaves.  This  is  often  to  be  seen  in  cases  of  brain  disease  due 
to  either  inherited  or  acquired  syphilis.  (3)  Tubercular  disease.  Tuber- 
cles of  the  choroid  are  sometimes  met  with  in  cases  of  tubercular  meningitis. 
Very  rarely  massive  tubercle  forms  within  the  eye,  in  cases  of  tubercular 
growths  in  the  brain.  Other  forms  of  associated  growth  are  so  rare  as  not 
to  be  of  practical  importance.  (4)  Vascular  lesions  in  the  retina  sometimes 
coincide  with  similar  lesions  in  the  brain.  Thus  embolism  of  the  central  artery 
may  occur  in  the  same  patient,  and  even  at  the  same  time,*  as  embolism  of 
a  cerebral-  artery.  Miliary  aneurisms  on  the  retinal  arteries  have  been 
observed  to  coincide  with  cerebral  hemorrhage,  probably  due  to  similar 
aneurisms  in  the  brain.  They  are,  however,  extremely  rare.f  Hemor- 
rhages in  the  retina  are  more  common,  and  are  of  some  significance.     They 

*See  "  Med.  Ophthalmoscopy,"  Case  47  (p.  332,  2d  Ed.). 

f  For  an  instance,  see  "  Medical  Ophthalmoscopy,"  pi.  xii,  Fig.  1,  and  Case  42  (2d  Ed., 
p.  326). 
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occur  especially  in  albuminuria,  in  gout  that  has  profoundly  affected  the 
system,  in  leucocythsemia,  profound  ansemia,  purpura,  and  also  in  ulcerative 
endocarditis,  and  other  forms  of  septicaemia.  In  the  latter  they  often  have 
white  spots  in  the  centre,  and  are  the  result  of  capillary  septic  embolism. 
Hemorrhages,  identical  in  aspect;  are  sometimes  found  in  the  same  cases  in 
the  pia  mater.  Another  associated  lesion  (to  which  we  shall  return)  is  sim- 
ply atrophy  of  the  disc,  which  sometimes  coincides  with  degenerative  lesions 
of  the  brain. 

2.  The  consecutive  changes,  which  are  not  merely  associated  with  the 
cerebral  disease,  but  are  its  consequence,  comprehend  neuritis  and  atrophy. 

Neuritis  or  "  papillitis,"  inflammation  of  the  intraocular  end  of  the  optic 
nerve,  is  manifested  by  swelling  and  increased  vascularity  of  the  "  optic 
papilla."  It  will  be  remembered  that  the  end  of  the  nerve  is  visible  in  the 
fundus  as  the  "  optic  disc,"  the  boundary  of  which  is  the  oval  opening  in 
the  sclerotic,  with  the  corresponding  opening  in  the  choroid.  The  fibres 
radiate  from  the  nerve  on  to  the  retina,  but  not  equally  on  all  sides,  being 
few  on  the  temporal  side.  The  nerve  elements  are  so  translucent  that  they 
do  not  obscure  the  edge  of  the  disc,  except  sometimes,  to  a  slight  extent, 
above  and  below,  where  they  are  more  numerous.  The  disc  is  rarely  uni- 
form in  its  surface,  because  the  separation  of  the  nerve  fibres  leaves  a  central 
hollow,  in  which  there  are  few  or  no  vessels,  and  which  is,  therefore,  pale, 
while  the  periphery  of  the  disc  has  a  rosy  tint,  from  the  minute  vessels 
that  lie  among  the  nerve  fibres  (Fig.  239).  This  central  "physiological 
cup ' '  varies  much  in  size,  and  may  be  absent.  The  vascular  portion  of  the 
disc  also  varies  in  extent  (inversely  as  the  cup),  and  varies  so  much  in  tint 
that  no  inference  can  be  drawn  from  its  color,  unless  this  is  observed  to 
change  in  the  course  of  time.  Mere  congestion,  therefore,  consisting  only 
of  increased  vascularity  of  the  disc,  is  very  difficult  to  recognize,  and 
although  it  probably  occurs,  it  is  rare,  as  an  isolated  condition,  and  is  of 
small  practical  importance.  An  actual  pathological  change,  however  slight 
in  degree,  is  usually  attended  by  some  swelling  of  the  papilla,  and  especially 
by  lessened  transparency  of  its  structures.  The  effect  of  this  change  is  first 
to  lessen  the  sharpness  of  the  edge  of  the  disc,  and  then  to  obscure  the  edge 
altogether  (Fig.  '239).  It  is  to  this  point,  therefore,  that  attention  must  be 
chiefly  directed.  The  effect  of  a  morbid  change  on  the  distinctness  of  the 
edge  is  greater  when  the  disc  is  examined  by  the  direct  than  by  the  indirect 
method  ;  on  the  other  hand,  if  the  indistinctness  is  apparent  and  not  real — 
is  due  to  the  tint  of  the  disc  being  nearly  that  of  the  choroid,  and  not  to 
lessened  transparency  of  the  structures  in  front  of  it — the  edge  appears  more 
distinct  in  the  direct  than  in  the  indirect  method  of  examination.  This  is 
a  very  important  practical  point.  In  the  early  stage  of  neuritis  the  edge  of 
the  disc,  seen  by  the  indirect  method,  may  appear  a  little  blurred,  and  sur- 
rounded by  a  pale  halo,  while  by  the  direct  method  the  halo  is  resolved  into  a 
striated  semi-opaque  layer,  completely  concealing  the  edge.  The  early  change 
is  greatest  on  the  nasal  side,  which  may  be  obscured  when  the  temporal 
edge  of  the  disc,  on  which  there  are  few  nerve  fibres,  is  still  sharp.    %As  the 
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change  advances,  it  involves  the  whole  circumference  of  the  disc,  and  the 
swelling  rapidly  encroaches  on  the  physiological  cup,  which  is  ultimately 
obliterated  (Fig.  239),  although  a  slight  depression  usually  remains  in  the 
middle  of  the  swollen  papilla.  The  prominence  of  the  swelling  is  readily 
recognized  by  the  apparent  change  in  relative  position  of  the  structures  that 
are  on  different  levels,  when  the  observer  moves  his  head  from  side  to  side, 
or  up  and  down  in  the  direct  examination,  or  moves  the  lens  in  a  like  man- 
ner in  the  indirect  examination.  The  prominence  is  also  shown  by  the  loss 
of  the  central  reflection  from  the  vessels  where  they  course  down  the  sides 
of  the  swelling,  and  their  plane  ceases  to  be  at  right  angles  to  the  line  of 
the  observer's  vision.  The  tint  of  the  swollen  papilla  becomes  a  full  red, 
or,  more  commonly,  a  grayish  red,  to  the  indirect  examination,  but  the 
direct  method  shows  a  fine  striated  vascularity.     As  the  prominence  increases, 

Fig.  239. 


Commencing  optic  neuritis,  from  a  case  of  caries  of  the  sphenoid  bone.with  secondary  meningitis.  The 
left  figure  shows  the  normal  right  optic  disc,  with  clearoutline,  and  a  deep  central  cup.  The  right 
figure, of  the  left  papilla,  shows  well-marked  neuritis  ;  the  edge  of  the  disc  is  concealed  by  a  swelling 
which  extends  beyond  the  normal  limits  of  the  disc.  The  central  cup  is  encroached  on,  but  not  yet 
quite  obliterated;  before  the  neuritis  commenced  the  cup  was  similar  to  that  in  the  other  eye.  Some 
of  the  vessels  are  partly  concealed  at  their  emergence,  and  the  veins  lose  their  central  reflection  as 
they  curve  down  the  sides  of  the  swelling. 


the  swelling  becomes  wider  in  extent,  until  it  may  be  two  or  three  times 
the  diameter  of  the  normal  disc.  White  spots  may  appear  on  its  surface 
(Fig.  240),  due  to  the  accumulation  of  products  of  degeneration.  At  first 
the  retinal  vessels  present  little  change  in  size,  but,  as  the  swelling  increases, 
the  compression  causes  the  veins  to  become  broader  and  the  arteries  nar- 
row, and  extravasations  of  blood  may  be  visible  on  the  surface  or  margins 
of  the  swollen  area.  The  process  varies  much  in  the  rapidity  with  which  it 
is  developed ;  it  may  reach  a  considerable  intensity  in  a  fortnight,  or  be 
still  moderate  in  degree  at  the  end  of  three  or  four  months.  As  a  rule,  the 
more  quickly  it  is  developed  the  more  intense  does  it  become.  Commenc- 
ing subsidence  is  indicated  by  a  diminution  in  the  vascularity,  still  greater 
contraction  of  the  arteries,  and,  later,  contraction  of  the  veins  also.     If  the 
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degree  of  neuritis  has  been  considerable,  the  swelling  remains,  for  some  time, 
pale  and  soft  edged,  and  slowly  sinks,  until  the  edges  of  the  disc  appear. 
For  a  long  time  the  substance  of  the  disc  is  occupied  by  new  tissue,  which, 
with  the  narrowed  arteries,  affords  evidence  of  the  preceding  inflammation. 
Other  indications  of  this  are  often  to  be  seen  in  damage  to  the  adjacent 
edge  of  the  choroid.  Only  when  the  neuritis  has  been  moderate  in  degree, 
does  the  disc  resume  a  perfectly  normal  aspect.  When  much  new  tissue  has 
been  formed,  this,  by  its  cicatricial  changes,  leaves  the  disc  white  and  atro- 

FlG.  240. 


Optic  neuritis  in  cerebral  tumor.  The  swelling  is  great,  and  occupies  an  area  at  least 
twice  the  diameter  of  the  normal  disc.  The  arteries  are  concealed  in  the  substance  of 
the  new  tissue,  and  the  veins  are  tortuous,  and  lose  their  reflection  as  they  pass  down 
the  side  of  the  swelling.  The  products  of  degeneration  of  the  nerve  fibres  have  caused 
white  spots  near  the  margin  of  the  inflamed  papilla. 


phied,  in  the  condition  of  "consecutive  atrophy,"  or  "neuritic  (papillitic) 
atrophy,"  as  it  is  also  termed.  When  the  papillitis  has  been  very  intense 
and  the  swelling  wide  in  area,  the  adjacent  retina  may  suffer  in  its  nutrition, 
and  products  of  degeneration  may  remain  as  white  spots,  especially  near  the 
macula  lutea,  simulating  the  aspect  of  albuminuric  retinitis. 

The  substance  of  the  swollen  papilla  presents,  under  the  microscope,  dis- 
tended vessels,  numerous  capillaries  and  nuclei,  with  accumulations  of 
leucocytes  in  the  tissue  and  peri-vascular  sheaths.     In  the  early  stage,  the 
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nerve  fibres  and  connective-tissue  elements  may  be  separated  by  cedematous 
effusion.  Subsequently,  the  nerve  fibres  present  degenerative  changes, 
moniliform  enlargements  containing  myelin  globules,  and  aggregations  of 
the  products  of  degeneration  into  "  granule  corpuscles,"  while  the  walls  of 
the  arteries  may  be  conspicuously  thickened.  Similar,  although  slighter, 
changes  may  be  traced  back  in  the  substance  of  the  optic  nerves,  or  in  their 
sheaths,  to  the  chiasma,  and  they  may  be  even  more  intense  in  front  of  the 
chiasma  than  they  are  midway  between  this  and  the  eye.  The  outer  sheath 
of  the  optic  nerve  is  often  distended  by  liquid,  so  as  to  form  a  pyriform 
swelling  behind  the  globe.  The  space  within  this  sheath  is  continuous, 
behind,  with  the  subarachnoid  space  around  the  brain,  and,  in  front,  with 
the  lymphatic  spaces  in  the  optic  papilla. 

A  slight  and  even  considerable  degree  of  optic  neuritis  may  cause  no 
symptoms.  Acuity  of  vision  may  be  unimpaired,  color  vision  normal,  the 
visual  fields  unrestricted.  But,  when  intense,  sight  suffers  in  each  of  these 
characters,  and  may  be  entirely  lost.  The  damage  to  vision  is  often  greater 
during  the  stage  of  subsidence  than  it  is  during  the  active  period  of  inflam- 
mation, probably  because  the  nerve  elements  suffer  from  the  cicatricial  con- 
traction of  the  tissue  elements  formed  during  the  inflammation.  But  the 
affection  of  sight  is  not  necessarily  due  to  the  visible  papillitis ;  it  may  be 
the  result  of  more  intense  inflammation  behind  the  eye,  or  the  effect  of 
the  intracranial  disease.  To  decide  this,  the  degree  of  neuritis  and  the 
degree  of  affection  of  vision  must  be  compared,  and  the  character  of 
the  failure  of  sight  must  be  considered.  The  latter  is  described  in  the 
chapter  on  affections  of  the  optic  nerve.  After  the  neuritis  has  quite 
subsided,  some  improvement  in  sight  often  takes  place,  from  the  recovery 
of  some  of  the  damaged  fibres.  But  there  may  remain  considerable  ambly- 
opia, and  even  absolute  blindness,  and  often  very  irregular  changes  in  the 
fields  of  vision,  both  for  white  and  colored  light. 

Optic  neuritis  may  result  from  many  diseases  of  the  brain,  but  its  most 
frequent  cause  is  tumor,  and  a  considerable  degree  of  neuritis  is  rarely  due 
to  any  other  cause.  Next  in  frequency  is  meningitis,  especially  affecting  the 
base  of  the  brain,  but  the  papillitis  caused  by  meningitis  is  usually  less 
intense  than  that  of  tumor,  perhaps  on  account  of  the  briefer  duration  of  the 
disease.  Cerebral  abscess  is  another  cause.  Optic  neuritis  scarcely  ever 
results  from  cerebral  hemorrhage  or  from  thrombotic  softening,  but  it  has 
been  several  times  observed  in  cases  of  softening  from  embolism,  when  the 
source  of  the  obstructing  plug  was  acute  endocarditis,  perhaps  because  the 
material  carried  from  the  valves  is  of  an  irritant  septic  character,  and  deter- 
mines a  greater  degree  of  secondary  inflammation  in  the  softening  produced. 
It  has  also  been  met  with  in  a  case  in  which  no  naked-eye  lesion  of  the 
brain  existed,  but  in  which  the  microscope  revealed  general  slight  inflam- 
matory changes — diffuse  cerebritis.  In  all  these  diseases  the  neuritis  is,  as  a 
rule,  double,  although  it  may  develop  more  rapidly  in  one  eye  than  in  the 
other.  Occasionally  it  is  one  sided,  and  then  it  is  generally  on  the  side 
opposite  the  lesion.     Unilateral  optic  neuritis  is  much  more  frequently  due 
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to  various  diseases  at  the  back  of  the  orbit,  or  at  the  optic  foramen,  than  to 
diseases  of  the  brain  itself. 

It  must  be  remembered,  however,  that  optic  neuritis  may  result  from 
other  causes  than  intracranial  disease.  It  is  very  seldom  primary ;  but  it 
occurs  in  chlorosis,  albuminuria,  lead  poisoning,  anaemia,  and  after  certain 
acute  fevers,  especially  scarlet  fever  and  typhoid  ;  in  many  of  these  condi- 
tions its  occurrence  is  associated  with  some  cerebral  symptoms.  When 
neuritis  preponderates  over  the  other  changes  in  albuminuria,  for  instance, 
there  is  usually  much  pain  in  the  head,  and  in  lead  poisoning  it  is  usually 
associated  with  the  acute  cerebral  symptoms  which  have  been  called 
"encephalopathia  saturnina."  This  fact  sometimes  increases  the  difficulty 
in  diagnosis. 

The  mechanism  by  which  optic  neuritis  is  produced  is  a  subject  on  which 
various  opinions  have  been  held  *  It  is  sufficient  here  to  say  that  the  early 
theory  that  neuritis  is  due  to  increased  intracranial  pressure,  acting  mechan- 
ically, has  proved  erroneous.  I  have  known  slow  increase  of  intracranial 
pressure  to  separate  the  sutures  without  causing  papillitis.  In  a  large  num- 
ber of  cases  there  is  distinct  evidence  of  a  descending  inflammation,  either 
along  the  trunk  of  the  optic  nerve  or  along  its  sheath,  and  in  cases  of 
meningitis  such  descending  inflammation  is  invariable.  The  distention  of 
the  optic  sheath  is  not  essential  for  the  production  of  neuritis  ;  it  is  some- 
times absent,  and  its  occurrence  is  related  especially  to  the  presence  of  an 
excess  of  subarachnoid  fluid.  The  signs  of  mechanical  "strangulation," 
which  are  to  be  observed  in  cases  of  intense  neuritis,  are  no  evidence  that 
the  inflammation  was  caused  by  any  mechanical  process.  The  cause  of  the 
strangulation  is  the  compression  of  the  veins  by  the  inflammatory  products 
within  the  swollen  papilla,  and  not,  as  was  at  first  thought,  compression 
within  the  sclerotic  ring,  or  behind  it,  by  the  distention  of  the  sheath. 
Within  the  ring  the  vessels,  after  death,  never  exhibit  any  sign  of  narrowing, 
whereas,  within  the  papilla,  their  compression  is  usually  distinct.  The  con- 
clusion is,  that  optic  neuritis  is  probably  rarely  due  to  a  single  factor,  that 
the  most  potent  element  is  the  descent  of  a  process  of  tissue  irritation, 
which,  when  it  reaches  the  papilla,  sets  up  a  more  intense  inflammation; 
that  in  some  cases  this  factor  is  alone  effective  ;  that  in  many  others  its 
influence  is  aided  by  the  effect  of  distention  of  the  sheath,  hindering  the 
escape  of  effete  liquids,  increasing  the  cedema,  or  even  conveying  irritating 
material.  The  distinction  between  optic  neuritis  and  "choked  disc"  is 
one  of  degree,  not  of  cause.  So  far  as  optic  neuritis  has  any  single  signifi- 
cance it  is  that  of  the  presence  of  an  irritative  process  within  the  skull. 

There  is  an  important  relation  between  the  chronicity  of  the  neuritis  and 
that  of  the  intracranial  process.  A  chronic  cerebral  process  may  cause  an 
acute  neuritis,  but  a  chronic  neuritis  never  results  from  an  acute  process, 
and  the  degree  of  the  chronicity  of  the  neuritis  is  an  indication  of  the 
degree  of  chronicity  of  the  intracranial  disease.     When  the  cerebral  pro- 

*  A  full  account  of  these  will  be  found  in  "  Medical  Ophthalmoscopy,"  2d  Ed.,  p.  65. 
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cess  begins  to  improve,  the  neuritis  lessens,  and  the  commencing  subsi- 
dence of  the  neuritis  is  often  the  first  indication  of  the  improvement  in  the 
brain  lesion. 

Atrophy. — Of  the  three  forms  of  atrophy  of  the  optic  nerve,  primary, 
secondary  (to  disease  of  the  nerve  further  back),  and  consecutive  (tp  neuritis), 
only  the  two  latter  occur  as  a  result  of  uncomplicated  intracranial  disease. 
Apparent  exceptions  to  this  are  disseminated  sclerosis  and  general  paralysis 
of  the  insane :  in  both  of  these  affections  primary  atrophy  may  occur,  but 
in  these  there  is  widespread  degeneration,  usually  involving  the  spinal  cord 
as  well  as  the  brain,  and  the  atrophy  must  be  regarded  as  associated  rather 
than  the  result  of  the  brain  disease.  Consecutive  (neuritic  or  papillitic) 
atrophy,  the  characters  of  which  have  been  already  described,  has  the  same 
causes  and  the  same  significance  as  the  inflammation  of  which  it  is  the 
consequence. 

Secondary  atrophy  is  the  result  of  damage  to  the  optic  nerve  behind  the 
eye,  or  to  the  optic  chiasma.  Its  characteristic  is  that  the  signs  of  atrophy 
follow  instead  of  accompanying  the  failure  of  sight.  The  causes  of  this 
form  of  atrophy  will  be  described  in  the  chapter  on  diseases  of  the  optic 
nerve. 


DISEASES  OF  THE  CRANIAL  NERVES 

AND  DERANGEMENT  OF  THEIR  FUNCTIONS. 

Many  symptoms  of  organic  brain  disease  consist  in  derangement  of  the 
functions  of  the  cranial  nerves,  and  it  is  convenient  to  consider  these 
together  with  the  diseases  of  the  nerves  themselves.  Such  an  arrangement 
is  not  strictly  logical,  but  its  practical  convenience  is  great,  since  much 
needless  repetition  is  thereby  avoided,  and  those  symptoms  can  be  described 
together  that  are  of  the  same  character,  and  have  to  be  considered  together 
in  practical  diagnosis.  The  paths  of  the  cranial  nerve  fibres  within  the  brain 
have  been  already  described,  and  need  not  be  here  repeated,  except  in  so 
far  as  they  have  a  bearing  on  special  points. 

OLFACTORY  NERVE— AFFECTIONS  OF  SMELL. 
The  olfactory  bulb  contains  many  nerve  cells,  and  has  been  thought  by 
some  to  be  analogous  to  the  nuclei  of  the  other  cranial  nerves;  by  others  to 
be  a  detached  portion  of  the  cerebral  cortex.  The  bulb  is  connected  with, 
the  cerebral  hemispheres  by  the  olfactory  nerve,  the  central  connections  of 
which  have  been  described  on  p.  492.  We  have  seen  that  each  nerve  seems 
to  be  related  to  both  hemispheres,  since  the  sense  of  smell  on  one  side  may 
be  deranged,  not  only  by  disease  of  the  hemisphere  (uncinate  gyrus)  on  the 
same  side,  but  also  by  a  lesion  of  the  hinder  part  of  the  internal  capsule 
on  the  opposite  side,  and  probably,  also,  by  disease  of  the  convexity. 
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The  sense  of  smell  includes  more  than  is  popularly  assigned  to  it.  It 
includes  not  only  the  recognition  of  odors,  but  also  that  of  flavors.  When 
the  olfactory  nerves  are  influenced  through  the  anterior  nares,  the  sensation 
is  termed  an  "odor;"  when  through  the  posterior  nares,  it  is  termed  a 
"flavor."  In  the  latter  case,  the  sensations  are  blended  with  those  of  taste 
proper,  bitter,  sweet,  sour,  etc.,  and  the  two  are  confused.  If  the  sense  of 
smell  is  lost,  all  perception  of  flavors  is  lost  with  it.  Hence,  patients  who 
have  lost  smell  usually  say  that  they  have  also  lost  taste,  and  sometimes  they 
only  mention  the  loss  of  "taste,"  which  is,  to  most  persons,  the  more 
serious  deprivation. 

In  testing  the  sense  of  smell,  care  must  be  taken  to  employ  only  substances 
(such  as  musk,  asafcetida,  or  oil  of  cloves)  that  act  on  the  olfactory  nerve 
alone,  and  it  is  best  to  use  such  odors  as  are  readily  identified  and  named. 
If  volatile  pungent  substances  are  used,  such  as  ammonia  or  acetic  acid,  which 
also  stimulate  the  fifth  nerve  in  the  nasal  mucous  membrane,  the  patient  may 
perceive  that  which  he  cannot  smell. 

,  Loss  of  the  sense  of  smell,  anosmia,  is  less  frequently  due  to  a  lesion  of  the 
nerve  than  to  disease  of  the  mucous  membrane  of  the  nose,  chronic  inflam- 
mation, nasal  polypus,  etc.  It  may  also  be  caused  indirectly  by  paralysis  of 
the  fifth  nerve,  and  consequent  trophic  changes  in  the  membrane,  or  dryness 
from  lessened  secretion.  The  olfactory  nerves  may  be  damaged  by  falls  or 
blows  on  the  front  or  back  of  the  head ;  the  delicate  filaments  are  torn  from 
the  bulb,  or  are  lacerated  in  their  passage  through  the  ethmoid  bone.  The 
olfactory  bulbs  sometimes  suffer,  by  compression  or  inflammation,  in  cases 
of  tumor  in  the  anterior  fossa  of  the  skull,  caries  of  adjacent  bone,  and  local 
meningitis,  syphilitic  or  other.  They  may  also  be  compressed  by  internal 
hydrocephalus.*  In  these  cases  the  bulbs  may  be  distinctly  involved  in  the 
disease,  or  may  be  flattened  and  wasted.  Tumors  have  been  supposed  to 
cause  an  olfactory  neuritis,  analogous  to  optic  neuritis.  In  locomotor  ataxy, 
anosmia  occasionally  occurs,  although  not  frequently.  Primary  atrophy  of 
the  bulbs  is  occasionally  met  with  in  old  age  (Prevost).  Lastly,  excessive 
stimulation  of  the  olfactory  nerves  has  caused  their  paralysis,  just  as  blind- 
ness has  resulted  from  a  very  brilliant  light ;  in  several  cases,  after  exposure 
to  an  exceedingly  strong  odor,  the  sense  of  smell  has  been  permanently 
lost.  Thus,  an  officer  in  Ireland  superintended  the  emptying  of  a  cesspool, 
at  the  bottom  of  which  some  weapons  were  said  to  be  concealed ;  the  odor 
was  most  offensive.  Next  day  he  found  that  his  sense  of  smell  was  gone, 
and  it  never  returned.  Other  similar  cases  are  on  record.  It  has  been  con- 
jectured that  the  odor  causes  congestion  and  hemorrhage  into  the  mucous 
membrane,  because,  if  the  musk-deer  hunters  do  not  stuff  up  their  nostrils 
before  extracting  the  musk  gland,  they  suffer  from  epistaxis.f  But  it  is 
unlikely  that  capillary  hemorrhage  into  the  mucous  membrane  would  cause 

*  Quincke,  Cor.  Bl.f.  Schweiz.  Aerzte,  1881,  No.  9. 

f  Althaus,  Lancet,  1881,  vol.  i,  p.  771,  where  some  interesting  information  on  the  history 
of  our  knowledge  of  anosmia  will  be  found. 
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complete  anosmia,  or  would  occur  without  epistaxis.  More  probably  the 
loss  of  smell  is  the  direct  result  of  the  over-stimulation  on  the  nutrition  of 
the  nerve  elements. 

In  diseases  of  the  cerebral  hemisphere  loss  of  smell  is  rare.  It  has 
occurred  with  symptoms  of  embolism  of  the  middle  cerebral  (Hughlings 
Jackson),  perhaps  from  damage  to  the  root  fibres  at  the  commencement  of 
the  fissure  of  Sylvius,  since  the  loss  of  smell  has  been  on  the  same  side  as 
the  lesion.  It  has  also  been  observed,  on  the  opposite  side,  in  cases  of  dis- 
ease of  the  "sensory  crossway,"  at  the  hind  part  of  the  internal  capsule,* 
and  in  at  least  one  case  of  extensive  disease  of  the  convexity. f  Functional 
loss  occurs  only  in  hysterical  hemiansesthesia.  The  olfactory  nerves  are 
sometimes  congenitally  absent.  Dr.  Sharpey,  in  his  lectures  on  physiology, 
used  to  mention  the  instance  of  a  chief  scavenger  of  the  city  of  Leipzig, 
who  was  known  to  have  no  sense  of  smell,  and  in  whose  brain  no  trace  of 
olfactory  nerves  could  be  found.  A  few  similar  anatomical  facts  are  on 
record  ;  in  most  cases  a  minute  gray  prominence  marked  the  place  from  which 
the  nerve  normally  springs.  In  other  cases  congenital  absence  of  the 
sense  has  been  noted  during  life,  and  has  been  known  to  descend  from 
father  to  son  (Breschet).  It  does  not  seem  certain,  however,  that  the 
absence  of  the  nerves  invariably  entails  absence  of  the  sense.  In  some  cases 
there  has  been  strong  reason  to  believe  that  the  individuals  possessed  the 
sense.  J  "  The  only  conceivable  explanation  is  that  suggested  by  Duval, § 
that  the  fifth  nerve  subserved  the  olfactory  function. 

The  diagnosis  of  an  affection  of  the  nerve  depends,  first,  on  the  detection 
of  the  loss  of  smell,  and  secondly,  on  the  exclusion  of  disease  of  the  mucous 
membrane.  In  the  latter  case,  purulent  discharge,  has  generally  occurred  at 
some  period,  and  a  history  of  such  discharge  always  affords  strong  reason 
for  suspecting  a  local  cause.  Loss  of  smell,  with  ability  to  recognize  flavors, 
is  always  due  to  such  disease,  partial  in  extent.  The  importance  of  a  local 
examination  is  obvious.  A  lad  was  once  sent  to  me  who  was  said  to  have 
lost  smell,  taste  and  hearing ;  I  was  asked  where  the  brain  disease  was  likely 
to  be  to  cause  these  effects.  There  was  scrofulous  inflammation  of  the  nasal 
mucous  membrane,  caries  of  both  ears,  and  neither  loss  of  taste  proper,  nor 
any  evidence  of  intracranial  mischief. 

'  Besides  the  ordinary  tests  of  smell,  the  nerves  can  be  stimulated  by  voltaic 
electricity,  a  phosphorus-like  odor  being  perceived.  This  is  proof  of  their 
integrity,  but  the  application  is  very  painful  unless  the  nose  is  filled  with 
water,  or,  better,  a  weak  saline  solution,  in  which  the  rheophore  is  placed. 
In  health  the  order  of  response  has  been  thus  found  to  be  similar  to  that  of 
other  nerves :  (i)  KCC,  (2)  AOC.  The  induced  current  has  no  effect.  An 
electrical  examination  can  very  seldom  be  necessary.     The  fact  that  disease 

*  See  note  on  p.  461.  j-  The  case  of  Demange,  p.  461. 

J  Case  of  Bernard,  quoted  by  Althaus,  Lancet,  1881,  i,  772,  and  of  Lebec,  Prog.  Mid., 
No.  48,  1883. 

§  Bull,  de  la  Soc.  de  Biol.,  Paris,  No.  17,  1883. 
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of  the  fifth  nerve  may  cause  considerable  anosmia  must  not  be  forgotten  in 
diagnosis. 

The  prognosis  of  disease  of  the  olfactory  nerve  is  generally  unfavorable. 
Considerable  improvement  has  been  observed  only  in  cases  of  syphilitic 
disease  of  short  duration,  and  in  some  traumatic  cases. 

The  treatment  is  mainly  that  of  the  cause  of  the  anosmia.  The  local 
application  of  strychnia  to  the  mucous  membrane  has  been  recommended — • 
as  a  solution  in  olive  oil  (Brunniche),  or  as  snuff,  ^  grain  mixed  with  sugar 
(Althaus).  In  cases  in  which  there  is  reason  to  believe  that  the  active  dis- 
ease has  ceased,  voltaic  electricity  has  been  recommended,  the  positive  pole 
being  placed  behind  the  mastoid  process,  the  negative  to  the  nasal  bones. 
Only  a  few  cells  can  be  used,  or  unpleasant  giddiness  will  be  produced.  In 
one  recorded  case,  after  a  fall  on  the  back  of  the  head,  considerable  improve- 
ment followed  two  applications  (Jacob).  Of  course,  all  that  electricity  can 
do  is  to  excite  the  nerve  elements  that  are  structurally  perfect,  but  for 
some  reason  functionally  inactive,  and  in  most  cases  of  anosmia  it  is  useless. 
Iodide  of  potassium  has  also  been  recommended,  but  its  value,  except  in 
cases  of  syphilitic  origin,  is  doubtful. 

Increased  sensitiveness  of  the  olfactory  nerves — "olfactory  hyperesthesia," 
"  hyperosmia  " — is  occasionally  met  with.  It  occurs  chiefly  in  hysteria, 
in  which  remarkable,  almost  animal,  acuteness  of  the  sense  is  sometimes 
present,  so  that  not  only  objects  but  persons  have  been  discriminated  by 
this  means.  In  insanity  the  same  condition  is  sometimes  met  with.  It  is 
usually  associated  with,  and  has  to  be  distinguished  from,  an  altered  appre- 
ciation of  odors,  shown  in  the  abnormal  enjoyment  of,  or  disgust  at,  the 
odors  which  are  recognized  with  natural  or  preternatural  acuteness. 

The  condition  rarely  calls  for  special  treatment.  Morphia  in  snuff  or 
hypodermic  injection  has  been  suggested,  but  the  local  application  of 
cocaine  will  probably  be  found  more  effective. 

Subjective  Sensations  of  Smell. — Subjective  sensations  of  smell  occur  from 
central  disease  or  from  irritation  of  the  nerve.  In  the  insane,  olfactory 
hallucinations  occur,  though  less  commonly  than  those  of  the  optic  or 
auditory  nerve.  Schlager  met  with  them  in  five  cases  out  of  six  hundred. 
In  epilepsy,  subjective  sensations  of  smell  occur  as  occasional  warnings  of  fits, 
and  disease  in  such  a  case  has  been  found  to  involve  the  olfactory  region  in 
the  anterior  part  of  the  temporo-sphenoidal  lobe.  It  was  so  in  a  case  of 
tumor,  recorded  by  Sander,  and  also  in  one  of  softening  of  this  region.*  A 
subjective  sensation  (usually  resembling  that  of  phosphorus,  and  such  as  is 
produced  by  electrical  stimulation  of  the  nerve)  sometimes  precedes  loss  of 
smell  from  organic  disease,  as  by  a  tumor.  It  was  so  in  a  case  of  loss  of 
smell  in  tabes  recorded  by  Althaus.  Doubtless  the  sensation  is  due  to  the 
irritation  of  the  nerve  elements  by  the  morbid  process  which  ultimately 
destroys  them. 

Perversion  of  the  Sense  of  Smell. — This  is  a  rare  condition,  which  occa- 

*  Hamilton,  New  York  Med.  Jour.,  June,  1882. 
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sionally  results  from  irritation  of  the  nerve  or  central  organ.  In  a  case 
recorded  by  Legg,  some  time  after  an  injury  to  the  head,  all  substances 
"tasted"  of  gas  or  paraffine,  and  there  was  marked  diminution  in  the 
acuteness  of  the  sense  of  smell. 

OPTIC  NERVE  AND  VISUAL  SYMPTOMS. 

The  central  relations  of  the  optic  nerve  have  been  described  at  p.  490, 
and  the  cortical  centres  for  vision  at  p.  462.  The  fibres  from  the  region  of 
the  macula  lutea  are  at  first  in  the  outer  part  of  the  nerve,  and  reach  its  axis 
near  the  optic  foramen.  Each  optic  tract  contains  the  fibres  from  the  same 
named  half  of  each  retina,  i.  e.,  from  the  temporal  half  of  the  retina  on  the 
same  side,  and  the  nasal  half  of  the  retina  on  the  other  side,  and  hence  dis- 
ease of  the  tract  causes  loss  of  vision  in  the  opposite  half  of  each  field,  the 
temporal  half  of  the  one,  the  nasal  half  of  the  other.  This  is  termed 
homonymous  hemianopia,*  or  lateral  hemianopia. 

Why  do  more  fibres  cross  to  the  opposite  tract  than  pass  to  the  tract  on 
the  same  side,  if  the  two  sets  come  from  equal  retinal  areas  ?  Because  the 
'prominence  of  the  nose  shuts  off  the  rays  from  the  peripheral  part  of  the 
temporal  half  of  the  retina,  and  the  power  of  sight  extends  but  little  further 
than  the  area  habitually  stimulated.  Hence,  while  the  retinal  halves  are  of 
equal  size,  the  functional  area  is  smaller  on  the  temporal  side,  and  fewer 
nerve  fibres  proceed  from  it.f  The  fibres  from  the  temporal  side  are  those 
that  do  not  cross,  and  hence  the  crossing  fibres  are  more  numerous  than 
those  that  pass  in  the  tract  without  decussating.  The  fibres  which  cross 
occupy  the  middle  of  the  chiasma,  the  direct  fibres  lie  on  each  side.  Fibres 
from  the  macula  lutea  and  region  around  it  pass,  in  most  individuals,  at  least, 
to  both  optic  tracts.  The  division  between  the  two  halves  of  the  retina 
(from  which  fibres  pass  to  the  respective  tracts)  is  generally  in  the  vertical 
line  of  the  macula  lutea,  but  it  probably  varies  in  its  precise  direction 
in  different  individuals,  and  seems  sometimes  to  be  slightly  oblique.  These 
two  facts  will  be  considered  more  fully  in  the  description  of  the  symptom. 
The  fibres  which  pass  from  one  tract  to  the  other  by  the  posterior  part  of 
the  commissure  (and  are  probably  connected,  by  the  internal  geniculate 
bodies,  with  the  corpora  quadrigemina)  have  not,  at  present,  any  medical 
importance. 

We  have  seen  that  the  visual  path  passes,  on  each  side,  by  the  optic  tract 

*  It  was  formerly  called  "  hemiopia,"  but  the  anomaly  of  the  use  of  the  term  "  half  sight" 
in  the  sense  of  "  half  blindness  "  has  led  to  a  general  endeavor  to  employ  the  more  exact 
"hemianopia"  or  "hemianopsia."  Although  it  is  seldom  desirable  to  change  a  familiar 
word,  the  alteration,  in  this  case,  is  trifling. 

\  Semi-decussation  of  the  optic  is  not  the  invariable  rule  in  the  animal  kingdom.  In 
some  creatures  there  is  a  total  decussation.  The  amount  of  decussation  stems  to  be  roughly 
proportioned  to  the  amount  of  separation  of  the  fields  of  vision.  In  man  the  fields  half 
overlap  when  the  eyes  are  directed  forward,  and  there  is  a  half  decussation.  In  those  ani- 
mals in  which  the  fields  are  totally  distinct,  and  cannot  be  made  to  overlap,  as  fishes,  there  is 
a  total  decussation. 
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to  the  optic  thalamus,  and  thence  by  the  optic  radiation  to  the  cortex  of  the 
occipital  lobe.  This  constitutes  a  half-vision  centre  which  seems  to  be 
double,  for  light  and  for  colors.  The  two  half-vision  centres  are,  probably, 
blended  in  a  higher  visual  centre  in  front  of  the  occipital  lobe.  The  arrange- 
ment is,  however,  very  complex;  in  each  centre  both  fields  are  represented, 
but  chiefly  that  of  the  opposite  eye.  Each  higher  visual  centre  can  supple- 
ment its  fellow,  to  some  extent,  and  compensate  its  loss,  but  in  the  half-vision 
centres  there  is  no  power  of  supplemental  action,  and  no  compensation  for 
loss  is  possible. 

Etiology. — The  numerous  affections  of  the  optic  nerve  within  the  eye 
do  not  come  within  the  province  of  this  book,  nor  does  the  primary  atrophy, 
which  so  often  accompanies  certain  degenerative  diseases  of  the  spinal  cord, 
and  occasionally  complicates  similar  diseases  of  the  brain.  Optic  neuritis, 
or  "papillitis,"  such  as  results  from  intracranial  tumors,  is  rather  a  general 
symptom  of  cerebral  disease  than  a  special  affection  of  the  nerve,  and  has 
been  considered  with  other  symptoms  of  the  same  class  (p.  561).  Moreover, 
interstitial  diseases  of  the  nerve  itself,  behind  the  eye,  such  as  interstitial 
neuritis,  or  hemorrhage  into  the  substance  of  the  nerve,  also  fall  into  the 
province  of  ophthalmology. 

The  diseases  that  are  of  medical  significance  may  be  divided  according 
as  they  affect  the  nerve,  the  chiasma,  or  the  path  from  the  chiasma  to  the 
cortex.  This  classification  corresponds  to  an  important  difference  in  the 
symptoms  produced. 

(1)  The  nerve  itself  may  be  damaged  by  tumors  within  the  orbit  or  within 
the  skull.  The  intracranial  course  of  the  nerve  is,  indeed,  so  short  that  it 
is  seldom  thus  affected,  but  it  is  occasionally  compressed  by  a  tumor  of  the 
pituitary  body,  or  by  one  springing  from  the  bone.  The  nerve  may  be 
damaged  by  an  aneurism  of  the  ophthalmic  artery  within  the  orbit,  or  of  the 
internal  carotid  within  the  skull.  It  is  occasionally  the  seat  of  inflamma- 
tion, arising  in  the  sheath  or  spreading  to  it  from  an  adjacent  focus,  such  as 
caries  of  the  sphenoid  bone  or  an  orbital  abscess.  It  often  becomes  inflamed 
in  meningitis,  but  symptoms  result  chiefly  through  the  agency  of  papillitis. 
A  rare  but  important  form  is  rheumatic  inflammation.  Of  this  I  have  seen 
three  instances;  all  were  in  women,  and  two  had  previously  suffered  from  a 
neuritis  of  the  facial  nerve  and  from  other  manifestations  of  rheumatism. 
The  symptoms  followed  exposure  to  cold.  In  two  cases  the  nerves  to  the 
eyeball  muscles  were  also  involved,  and  from  this  it  is  probable  that  the  seat 
of  this  inflammation  is  at  the  back  of  the  orbit.  The  optic  nerve  is 
occasionally  injured  in  falls  on  the  head,  either  by  laceration  at  the  optic 
foramen  or  by  hemorrhage. 

(2)  The  chiasma  is  damaged  most  frequently  by  tumors  arising  in  its 
neighborhood,  especially  by  those  springing  from  the  pituitary  body,  some- 
times by  tubercular  or  syphilitic  growths,  in  the  chiasma  or  outside  it,  rarely 
by  chronic  inflammation  in  its  vicinity,  commencing  in  the  dura  mater 
and  leading  to  thickening  of  the  tissues  about  the  commissure.  Another 
occasional  cause  of  damage  is  internal  hydrocephalus;  the  distended  infundi- 
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bulum  of  the  third  ventricle  presses  on  the  middle  of  the  chiasma  and  flat- 
tens it,  as  Cheselden  noted  a  century  and  a  half  ago.*  It  is  probable  that 
it  is  sometimes  the  seat  of  interstitial  inflammation.  Symptoms  of  a  local 
lesion  at  the  chiasma  occur  in  rare  cases  of  tabetic  atrophy  of  the  optic 
nerve,  and  may  develop  slowly  or  rapidly.  In  one  case  which  I  have 
recorded,  the  characteristic  loss  of  sight  came  on  quite  suddenly.  A  sudden 
onset  has  been  observed  in  other  more  simple  cases,  and  suggests  a  vascular 
lesion.  Interstitial  hemorrhage  has  been  actually  observed,  apart,  however, 
from  visual  symptoms,  f 

(3)  The  optic  tract  is  chiefly  damaged  by  tumors,  either  of  the  base  or 
springing  from  the  inner  part  of  the  temporo-sphenoidal  lobe,  which 
may  either  compress  the  tract  or  invade  it.  An  instance  of  such  compres- 
sion is  shown  in  Fig.  241;  although  it  is  doubtful  whether  the  hemianopia 
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Tumor  of  right  temporo-sphenoidal  lobe,  compressing  the  right 
oplic  tract,  but  previously  interrupting  the  optic  radiation.  (See 
chapter  on  Intracranial  Tumors.) 


from  which  the  patient  suffered  was  thus  produced,  since  the  disease  began 
in  the  hemisphere,  in  the  neighborhood  of  the  optic  radiation,  and  the 
hemianopia  was  an  early  symptom.  (The  cerebral  growth  is  figured  in  the 
chapter  on  Intracranial  Tumors.)  If  the  growth  invades  the  tract,  it 
generally  spreads  also  to  the  crus,  as  in  a  case  in  which  such  a  tumor  caused 
first  hemianopia  and  then  hemiplegia.!  The  tract  is  seldom  damaged  by 
softening  or  hemorrhage  ;  partial  softening  has,  however,  been  observed  to 
result  from  thrombosis  of  the  internal  carotid.  It  is  sometimes  the  seat  of 
an  islet  of  disseminated  sclerosis. 
The  intra-cerebral  path  may  be  damaged  by  softening,  hemorrhage,  tumors, 


*  Phil.  Trans.,  No.  337,  p.  281. 

f  For  details  of  lesions,  see  Wilbrand,  "  Hemianppsie,"  Berlin,   1881,  and  Hill  Griffith, 
Med.  Chronicle,  January,  I887. 

%  Cent./.  Med.  Wiss.,  1878,  No.  31. 
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or  traumatic  lesions.     These  may  involve  the  thalamus,  posterior  part  of  the 
internal  capsule,  white  substance  of  the  occipital  lobe,  or  cortex. 

Investigation  of  the  Functions  of  the  Optic  Nerve. — The  mani- 
festations of  disease  consist  in  alterations  of  the  fundus  oculi,  and  in  impair- 
ment of  vision,  or  of  the  reflex  action  of  the  iris  to  light.  All  these  should 
be  carefully  examined  in  every  case ;  and  it  is  often  necessary,  also,  to  ascer- 
tain the  state  of  refraction  in  the  eye,  lest  a  defect  of  sight  should  be 
ascribed  to  disease  of  the  visual  path  or  centre,  when  it  depends  solely  on  an 
error  in  refraction.  This  is  of  great  importance,  especially  since  a  consid- 
erable deviation  from  the  normal  refraction  is  apt  to  set  up  other  functional 
disturbances,  pain,  etc.,  which  may  lead  to  a  suspicion  of  organic  disease. 
The  suspicion  may  be  apparently  confirmed  by  the  impairment  of  sight.  On 
the  importance  of  an  ophthalmoscopic  examination  it  is  needless  to  insist ; 
without  it,  amblyopia  may  be  ascribed  to  brain  disease,  when  it  is  of  purely 
ocular  origin,  and  many  morbid  processes  in  the  brain  reveal  themselves  in 
the  optic  papilla.  The  more  important  changes  in  the  fundus  have  been 
already  mentioned  (p.  561).*  The  mode  of  testing  the  action  of  the  pupil 
will  be  described  in  the  chapter  on  Diseases  of  the  Third  Nerve. 

The  examination  of  vision  includes  several  points,  each  of  which  needs  careful 
investigation.  (1)  The  acuity  of  vision,  for  which  test  types  are  employed,  and  the 
result  is  expressed  in  a  fraction  of  which  the  denominator  is  the  distance  at  which 
the  type  can  be  read  by  a  normal  eye,  and  the  numerator  is  the  farthest  distance 
at  which  it  can  be  read  by  the  patient.  (2)  Color  vision  may  be  tested  in  two 
ways:  (a)  by  the  method  of  "confusion,"  in  which  the  patient  selects  from  a 
series  of  colored  objects  those  that  are  of  the  same  kind  of  color  as  a  standard, 
and  reveals  a  defect  by  picking  out  tints  that  are  essentially  different ;  (6)  by  ask- 
ing the  patient  to  name  certain  colors.  This  is  open  to  the  fallacies  that  a  name 
may  be  given  accurately  when  a  color  is  not  rightly  perceived,  and  that  the 
patient  may  not  be  familiar  with  the  names  of  colors.  The  former  fallacy  is  espe- 
cially dangerous  in  cases  of  congenital  color  blindness,  in  which  colors  may 
appear  different,  and  be  associated  with  certain  names  in  the  mind,  when  they 
are  not  rightly  perceived.  The  method  of  naming  colors  is,  however,  more  often 
useful  in  medical  than  in  ophthalmic  work  ;  if  a  patient  is  known  to  have  pre- 
viously had  good  color  vision,  or  if  one  eye  only  is  affected,  and  the  vision  with  it 
can  be  compared  with  that  of  the  other  eye,  the  method  of  naming  colors  often 
gives  valuable  information,  especially  as  to  the  character  of  the  sensation  excited. 
(3)  The  fields  of  vision  must  be  examined,  and  if  any  defect  is  found  they  should 
be  mapped  out,  if  possible,  by  means  of  a  "  perimeter."  The  field  may  be  roughly 
tested  by  moving  some  object  midway  between  the  observer  and  the  patient,  the 
eye  tested  being  fixed  on  that  of  the  observer,  who  can  thus  readily  detect  any 
movement  of  the  patient's  eye  from  the  fixing  point  toward  the  object,  and,  at 
the  same  time,  can  use  his  own  field  of  vision  as  a  standard.  For  ?  very  rough 
examination  the  hand  may  be  employed,  but  it  is  better  to  use  a  small  piece  of 
white  paper,  one-third  of  an  inch  square,  fixed  on  the  end  of  a  dark-colored  rod, 
such  as  a  penholder.  With  a  little  care,  very  exact  observations  can  thus  be 
made,  although  the  result  cannot  be  recorded  so  precisely  as  by  means  of  a  peri- 

*The  reader  will  find  a  full  account  of  them  in  "  Medical  Ophthalmoscopy,"  2d  Ed. 
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meter.  In  this  instrument  an  object  is  made  to  move  along  a  quadrant  of  a  circle, 
divided  into  degrees,  and  rotating  on  one  of  its  extremities  (at  which  is  the  fixing 
point)  so  that  the  quadrant  can  be  placed  in  each  radius  of  a  hemisphere  of  which 
the  patient's  eye  is  at  the  centre.  The  result  is  recorded  on  a  chart  in  which  are 
concentric  circles  divided  by  the  radii,  at  intervals  of  ten  or  more  degrees.  The 
field  does  not  extend  equally  in  all  directions,  being  limited  above  by  the  project- 
ing eyebrow,  and  on  the  inner  side  by  the  nose.  In  the  diagrams  here  given  only 
that  part  of  the  chart  is  shown  which  is  included  within  the  average  normal  field, 
and  for  the  sake  of  simplicity,  only  the  radii  and  concentric  circles  at  300  distance 
are  represented,  although  many  more  were  employed  in  taking  the  fields. 

It  is  important,  in  testing  vision,  to  know  that  in  conditions  of  functional  feeble- 
ness of  the  nervous  system,  such  as  hysteria  and  so-called  neurasthenia,  the  sensi- 
bility of  the  peripheral  parts  of  the  retina  lessens  considerably  after  attention  has 
been  directed  to  them  for  a  short  time,  so  that  even  normal  fields  become  smaller 
when  taken  several  times  consecutively,  the  reduction  being  confined  to  the  part 
tested.  This  effect  is  still  more  marked  when  there  is  a  pathological  contraction. 
It  seems  to  be  produced,  not  on. the  retina,  but  on  the  centre,  because,  if  one  part 
of  the  field  is  tested  for  a  short  time,  and  becomes  narrower  in  consequence,  the 
same  narrowing  is  found  to  have  taken  place  in  the  corresponding  part  of  the  field 
of  the  other  eye.* 

It  is  necessary,  in  a  complete  examination,  to  test  the  field  for  colors  as  well  as 
for  white,  since  defects  may  be  found  in  the  color  fields  where  none  exist  for  white. 
Small  pieces  of  colored  paper  may  be  employed  in  the  same  way  as  a  white  object. 
The  normal  fields  for  colors  are  smaller  than  those  for  white,  and  vary  for  each 
color ;  beyond  their  limit  the  object  can  still  be  seen,  but  appears  gray  instead  of 
colored.  The  fields  for  red  and  green  are  the  smallest,  and  undergo  most  nar- 
rowing in  morbid  states  ;  it  is,  therefore,  generally  necessary  to  test  only  these 
fields.  If  the  power  of  distinguishing  objects  is  lost  in  any  part  of  the  field,  it  is 
desirable  to  ascertain  further  whether  light  can  still  be  perceived  in  the  amblyopic 
region. f 

Symptoms. — Optic  Nerve. — Disease  of  the  nerve  impairs  or  abolishes 
vision  in  one  eye,  and  lessens  the  reflex  action  of  the  pupil  in  proportion  to 
the  interference  with  vision.  The  ophthalmoscopic  appearances  may  be  at 
first  normal,  but  if  the  damage  is  considerable  the  optic  disc  slowly  passes 
into  a  condition  of  atrophy.  This  is  termed  "  secondary  atrophy,"  to  dis- 
tinguish it  from  the  "  consecutive  atrophy  "  which  follows  papillitis.  When 
the  nerve  is  damaged  by  inflammation,  it  is  not  uncommon  for  slight  neuritis 
to  be  visible  within  the  eye,  but  this  is  usually  too  trifling  in  degree  to  account 
for  the  loss.  The  impairment  of  sight  involves  acuity  of  vision,  and  com- 
monly also  the  field.  A  common  change  in  the  field  is  concentric  con- 
traction, because  the  peripheral  layer  of  the  nerve  is  most  damaged  by 
processes  which  begin  outside  it.  An  irregular  defect  is  not  rare.  Such  a 
defect  is  shown  in  Fig.  242,  from  one  of  the  cases  of  rheumatic  neuritis 
mentioned  on  page  571.     In  the  two  others  the  loss  of  sight  was  absolute 


*Schiele,  Archill  f.  Augenheilk.,  Bd.  xvi. 

fit  has  been  recently  asserted  that  the  perception  of  light  depends  on  a  different  centre 
from  the  perception  of  form  (Wilbrand).  It  is  not  yet  certain  that  this  is  so,  but  observa- 
tions on  this  point  are  desirable. 
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and  lasting.     In  all,  visible  atrophy  of  the  nerve  slowly  supervened  without 

any  recognizable  papillitis.     A  central  loss  is  much  less  common,  and  is  due 

to  what  is  termed  "axial  neuritis,"  inflammation  (or  degeneration)  in  the 

centre   of   the   nerve.     The   affected   fibres 

■only  occupy  the  centre  of  the  nerve'  at  the 

tack  of  the  orbit ;  further  forward  they  come 

to  (or  near)  the   surface  on   the   temporal 

side.*    This  form  is  met  with  in  "tobacco 

amblyopia,"  and  it  sometimes  complicates 

degenerative  diseases  of  the  brain,  but  does 

not,  strictly  speaking,  result  from  them. 

Chiasma. — The  characteristic  symptom  of 
disease  of  the  chiasma  is  ' '  temporal  hemi- 
anopia," a  loss  of  the  outer  half  of  each  field     ^T^T  "I  Rl  uvdi  s™*1'?? in  rish' 

1      '  half,   due    to    orbital    neuritis;    onset 

Of  Vision  Or  Of  part  Of  this  half.       This    tem-  acute,  with  palsy  of  ocular  muscles  and 

x  a  normal  disc ;  subsequent  recovery  of 

poral  hemianopia  (shown  in  Figs.  243  and  *e  muscles  and  sl°w  atrophy  of  the 
244)  is  the  common  symptom,  because  the 

morbid  processes  which  damage  the  chiasma  act  chiefly  on  its  central  por- 
tion, and  affect  the  decussating  fibres  from  the  nasal  half  of  each  retina. 
In  many  cases,  however,  the  morbid  influence  does  not  remain  limited  to 
the  central  portion,  but  involves  one  side  of  the  commissure,  or  one  tract 
just  behind  the  commissure,  or,  less  frequently,  one  optic  nerve  in  front 
of  it.  In  either  case  the  result  is  the  same ;  on  the  side  toward  which  the 
morbid  process  extends,  the  non -decussating  fibres  are  involved  and  the 
corresponding  eye  becomes  totally  blind,  while  in  the  other  eye  the  loss 
remains  limited  to  the  temporal  half  field.  Often  the  whole  chiasma  ulti- 
mately suffers,  and  then  the  impairment  of  vision  progresses  through  the 
stages  just  mentioned  to  total  loss  in  both  eyes.  The  rarest  of  all  symp- 
toms of  disease  of  the  chiasma  is  nasal  hemianopia.  It  can  only  result 
from  a  lesion  which  involves  each  side  of  the  chiasma,  and  spares  the 
central  portion.  Only  an  external  inflammation  of  peculiar  distribution, 
or  a  symmetrical  interstitial  affection  of  the  nerve,  can  produce  this  effect, 
and  in  practical  experience  this  is,  perhaps,  the  least  frequent  of  all  affec- 
tions of  sight.  The  only  case  that  has  come  under  my  own  observation 
"was  one  of  tabetic  atrophy,  and  is  not,  therefore,  simple.  In  one  eye 
there  was  a  complete  loss  of  the  lower  nasal  quadrant,  extending,  how- 
ever, beyond  the  middle  line ;  in  the  other  a  well-defined  amblyopia  of 
■corresponding  situation  (see  Fig.  245). 

In  the  ordinary  form  of  temporal  hemianopia  the  dividing  line  is  seldom 
exactly  vertical.  The  loss  in  the  two  eyes  sometimes  corresponds  closely ; 
more  often  there  is  a  difference  between  the  two  fields.  Strict  correspond- 
ence depends  on  the  strictly  central  position  of  the  lesion,  which  seldom 
obtains  in  the  case  of  the  processes  which  cause  the  loss.     Sometimes  the 

*Nettleship  and  Edmunds,  Trans.  Oph.  Soc,  vol.  i,  p.  124;  Samelsohn,  Cent.  f.  Med. 
JViss.,  1S80,  418,  and  Trans.  Med.  Congress,  1881 ;  Vossius,  Archiv  f.  Oph.,  xxviii. 
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dividing  line  appears  to  pass  through  the  fixing  point,  as  in  Fig.  244;  in 
other  cases  it  diverges  to  the  temporal  side  of  the  fixing  point,  so  as  to  leave 
a  small  area  around  this  within  the  seeing  half.  The  difference  probably 
depends  on  individual  variations  in  the  decussation ;  in  some  persons  fibres 
from  the  macular  region  pass  in  both  divisions  of  the  nerve,  the  crossing 
and  the  direct  (see  "lateral  hemianopia,"  p.  583).     In  most  cases  there  is 


Fig.  243, 


Temporal  hemianopia,  gradual  onset ;  no  other  symptoms.    Not  progressive. 
Fig.  244. 


Temporal  hemianopia  without  other  symptoms  than  some  headache;  possibly  a  tumor 
of  the  pituitary  body. 


Fig.  24s. 


PY'AalnijSal  hemian,°Pia  ina  case  of  optic  nerve  atrophy.    The  quadrantic  loss  in 
left  field  was  not  absolute ;  in  the  right  the  darker  shading  indicates  the  absolute  1 


the 
oss. 


no  peripheral  contraction  of  the  half  fields  that  remain.     When  such  con- 
traction exists,  it  is  probably  due  to  damage  by  inflammation  to  the  peripheral 
layer  of  the  optic  nerves  in  front  of  the  chiasma.    The  loss  of  sight  in  tern- ■■ 
poral  hemianopia]  involves  all  forms  of  vision  ;  the  color  loss  has  the  same 
limit  as  that  for  light. 
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The  mode  in  which  temporal  hemianopia  comes  on  depends  on  the  nature 
of  the  morbid  process  which  causes  it.  The  onset  is  usually  gradual,  since 
the  lesion  is  commonly  chronic.  Occasionally  it  develops  rather  rapidly, 
and  then  inflammation,  secondary  to  the  primary  lesion,  is  probably  its 
immediate  cause.     Very  rarely  the  onset  is  actually  sudden. 

The  associations  of  temporal  hemianopia  vary  according  to  its  cause.  The 
most  frequent  is  paralysis  of  some  of  the  adjacent  motor  nerves  to  the  eye- 
ball muscles,  'but  this  complication  only  occurs  when  the  primary  disease  is 
outside  the  chiasma.  Other  structures  may  suffer  if  a  tumor  attains  a  large 
size.  Optic  neuritis  does  not  often  result  from  the  cause  of  the  hemianopia, 
certainly  less  frequently  than  might  be  expected  ;  but  hemianopia  some- 
times succeeds  optic  neuritis,  when  the  commissure  suffers  compression  from 
a  distended  third  ventricle,  and  the  cause  of  the  effusion  is  a  subtentorial 
tumor.  Thus,  a  man  with  a  stationary  tumor,  probably  syphilitic,  .and 
symptoms  of  internal  effusion,  has  considerable  amblyopia  from  optic  neuritis 
which  had  subsided  into  atrophy,  when  he  gradually  developed  temporal 
hemianopia,  and  then  became  completely  blind,  without  any  change  in  the 
condition  of  the  fundus  oculi. 

The  course  of  temporal  hemianopia  necessarily  depends  on  that  of  its 
cause.  As  we  have  seen,  it  may  go  on  to  complete  blindness;  failure  of 
the  remaining  half  field  of  one  eye  may  leave  the  patient  only  the  nasal 
half  of  the  other  field  during  the  further  course  of  the  intracranial  lesion  to 
the  fatal  issue  which  progressive  disease  usually  entails.  But  the  symp- 
toms are  not  progressive  in  a  considerable  proportion  of  the  cases  of 
temporal  hemianopia.  In  many  instances  a  total  loss  of  the  temporal  half 
fields  remains  without  extension.  Less  commonly  considerable  improvement 
occurs.  This  more  favorable  course  is  met  with  chiefly  in  cases  in  which  the 
symptom  has  developed  rapidly  or  suddenly,  and  is  unaccompanied  by  indi- 
cations of  pressure  on  adjacent  structures.  Now  and  then  such  hemianopia 
of  gradual  onset  does  not  advance.  We  are  necessarily  ignorant  of  the 
nature  of  the  lesion  in  such  cases.  It  is  conceivable  that  this  may  be  a 
tumor  of  the  pituitary  body,  the  growth  of  which  is  arrested,  or  an  interstitial 
process,  inflammatory  or  vascular.  ■  Interstitial  inflammation  is,  perhaps,  the 
more  probable. 

Tract  and  Hemisphere. — The  loss  of  sight  from  disease  of  the  visual  path 
behind  the  chiasma,  "homonymous  hemianopia,"  depends  on  the  anatomi- 
cal arrangement,  already  described.  There  is  an  arrest  of  the  impressions 
from  the  side  of  each  retina  corresponding  to  the  side  of  the  lesion,  and 
hence  there  is  a  loss  of  vision  in  the  opposite  half  of  each  field. 

It  is  equally  common  for  the  loss  to  be  on  the  right  side  and  on  the  left. 
Of  cases  collected  by  Wilbrand,  eighty  were  on  the  left  sirje  and  seventy- four 
on  the  right.  The  half  loss  varies  in  its  extent.  In  cases  of  complete  hemi- 
anopia it  extends  up  to  the  vertical  middle  line  (Fig.  246),  but  the  precise 
character  of  the  dividing  line  varies  considerably  in  its  minute  characteris- 
tics. The  first  important  difference  is,  that  in  some  cases  the  line  seems  to 
pass  through  the  fixation  point,  while  more  frequently  (as  in  most  of  the 
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cases  figured)  the  fixation  region*  is  included  in  the  seeing  half.f  The  line 
of  division  may  occupy  the  vertical  meridian  above  and  below,  but  about 
8°  or  io°  from  the  fixation  point  it  diverges,  and  curves  round  this  point, 
at  about  the  same  distance  from  it,  to  regain  the  middle  line  below  (Fig.  246). 
Sometimes  the  divergence  occurs  some  distance  above  the  fixing  point  (Fig. 


Fig.  246. 


Right  hemianopia;  sudden  onset  with  right  hemiplegia  and  hemianesthesia,  which 
passed  away  in  a  few  days,  leaving  the  hemianopia  the  only  permanent  symp- 
tom. 

247).  The  central  area  thus  enclosed  varies  from  3°  or  4°  to  io°  or  even 
15°  radius.  .In  other  cases  again,  the  line  continues  in  the  meridian,  and 
seems  to  pass  through  the  fixing  point  itself.  Rarely,  it  seems  to  pass 
through  the  fixation  point  in  one  eye  and  beyond  it  in  the  other.  In  a 
third  group  the  line  diverges  from  the  meridian,  and,  when  near  the  level  of 
the  fixing  point,  turns  toward  it  and  seems  to  reach  it,  so  as  to  make  a 

Fig.  247. 


Left  hemianopia  from  the  case  of  cerebral  tumor  shown  on  p.  572,  but  prob- 
ably due,  not  to  the  pressure  on  the  tract,  but  to  the  interruption  of  the 
optic  radiation. 

reentrant  angle  in  the  outline  of  the  seeing  half  (Fig.  248).  This  important 
difference,  the  division  through  the  fixing  point,  or  the  inclusion  of  the  fix- 
ing point  in  the  seeing  half,  does  not  depend  on  the  position  of  the  lesion ; 
each  form  occurs  in  cases  of  hemianopia  due  to  disease  of  the  tract,  thala- 
mus, or  hemisphere,  and  we  have  already  seen  that  each  form  occurs  also  in 


*  The  region  around  the  fixation  point,  subserved  by  the  central  region  of  the  retina 
around  the  macula. 

f  Wilbrand  found  that  of  fifty-six  cases  in  which  the  point  was  specified,  the  line  seemed 
to  pass  through  the  fixation  point  in  twenty-three  cases,  and  to  one  side  of  it  in  thirty-three. 
See,  however,  the  remarks  on  p.  579. 
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cases  of  temporal  hemianopia  from  disease  of  the  chiasma.  The  difference 
can  only  be  explained  by  individual  variations  in  the  decussation  of  the 
nerves.  The  inclusion  of  the  central  region  in  the  seeing  half  occurs  equally 
in  right  and  left  sided  hemianopia.  It  must  be  due,  therefore,  to  the  pas- 
sage of  fibres  from  the  macular  region  to  both  optic  tracts  and  both  hemi- 
spheres, so  that  this  region  is  not  blinded  by  disease  of  either  tract.* 

Since  the  distance  from  the  fixing  point  at  which  the  dividing  line  passes 
varies,  in  different  individuals,  it  appears  that  there  is  a  corresponding  varia- 
tion in  the  size  of  the  central  area,  from  which  fibres  pass  to  both  tracts. 
This  area  is  very  small  when  the  line  passes  very  near  the  fixing  point,  and 
if  it  passes  through  the  fixing  point  itself  there  is  no  double  passage  of  the 
central  fibres,  but  a  division  of  these  as  of  those  from  the  rest  of  the  retina. 
Recent  careful  observations,  however,  lead  me  to  doubt  whether  the  dividing 
line  ever  passes  actually  through  the  fixing  point.  When  it  has  seemed  to 
do  so,  on  testing  the  field  with  a  perimeter,  I  have  found,  on  a  more  minute 

Fig.  248. 


Left  hemianopia ;  sudden  onset;  no  other  symptoms.  In  the  right  eye  the  loss  appears  to 
extend  to  the  fixing  point,  but  the  vertical  line  in  the  small  figure  was  drawn  by  the 
patient  as  the  limit  of  the  blindness  when  the  central  spot  was  fixed. 

examination,  that  the  line  passed  a  little  to  one  side  of  the  actual  fixing 
point,  and  did  not  go  through  this.  In  the  right  field  shown  in  Fig.  248, 
for  instance,  the  loss,  according  to  the  perimeter,  seemed  to  extend  quite  up 
to  the  fixing  object,  but  when  the  patient  fixed  a  small  dot,  the  area  of  vision 
was  found  to  extend  beyond  it,  as  shown  in  the  small  diagram.  If  so,  the 
variations  in  different  individuals  will  depend  merely  on  differences  in  the 
area  from  which  the  central  fibres  pass  to  both  tracts,  and  the  apparent 
difference  in  kind  resolves  itself  into  one  of  degree. 

Other  differences  in  the  dividing  line  have  probably  the  same  origin.  In 
most  instances  it  is  somewhat  irregular,  and  in  some  cases  it  is  oblique  above 
and  below.  The  deviation  may  be  toward  one  side  above  and  the  other 
side  below,  so  that  the  general  direction  of  the  division  is  the  same,  and 


*  It  has  been  asserted  that  such  passage  has  been  proved  by  the  fact  that,  in  cases  of  axial 
neuritis  with  a  central  loss  of  sight,  degenerated  fibres  have  been  traced  into  both  optic  tracts. 
But  they  might  be  so  traced,  were  there  a  strict  division  through  the  macula ;  the  central  loss 
always  extends  farther  from  the  macula  than  the  area  of  preserved  vision  in  hemianopia. 
The  passage  of  fibres  from  each  side  of  the  macula  into  each  tract  could  not  possibly  be 
followed. 
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it  may  be  quite  similar  in  the  two  eyes.*  Another  difference  in  the  divid- 
ing line  is  also  probably  due  to  the  anatomical  arrangement.  The  line  is  usually 
sharp  ;  good  vision  suddenly  changes  to  blindness.  Sometimes,  however, 
a  narrow  band  of  indistinct  vision  limits  the  blind  half.  This  must  be  due- 
to  the  passage  of  some  fibres  from  the  medial  zone  by  the  tract  on  the  same 
side;  they  are  not  numerous  enough  to  give  the  distinct  vision  of  the 
macular  region,  but  they  are  enough  to  maintain  some  vision  in  the  middle 
band.f  There  is  no  relation  between  the  existence  of  an  amblyopic  zone 
and  the  seat  of  the  lesion.  J  All  these  variations,  and  also  slight  differences 
sometimes  to  be  found  between  the  two  fields,  must  be  due  to  individual 
differences  in  the  character  of  the  decussation.  When  the  hemianopia  is 
incomplete,  the  irregularity  of  outline  must  be  referred  to  the  extent  of  the 

lesion. 

Hemianopia  is  not  always  complete.  Only  part  of  a  half  field  may  be 
lost,  but  the  same  part  of  the  field  is  defective  in  each  eye.  Fig.  249 
shows  a  loss  of  the  lower  left  quadrant  in  each  eye.     The  lower  quadrant 

Fig.  249. 


Partial  left  hemianopia,  involving  the  lower  quadrant.  The  fields  were  taken  ten  years  after 
the  onset.  The  hemianopia  was  at  first  complete,  and  was  accompanied  by  left  hemianses- 
thesia  (including  the  special  senses),  slight  hemiplegia,  and  optic  neuritis.  The  lesion  was 
probably  a  syphilitic  gumma  near  the  hinder  part  of  the  right  thalamus. 

seems  to  be  more  frequently  lost  than  the  upper. §  Sometimes  the  loss  is  thus 
partial  from  the  first ;  more  often,  as  in  this  case,  the  hemianopia  is  at  first 
complete,  and  vision  is  regained  in  some  part  of  the  affected  half,  but 
remains  absent  in  another  part.  The  loss  may  extend  up  to  the  neighbor-,,: 
hood  of  the  fixing  point,  or,  in  slight  cases,  may  be  confined  to  the  periph- 
eral part  of  the  field  (Fig.  250).  Such  partial  loss  depends  on  the  partial 
extent  of  the  disease  in  the  path  or  centre.  It  is  very  rare  in  disease  of  the 
tract,  in  which  all  the  fibres  lie  very  near  together,  but  has  been  observed  in 


*  A  well-marked  instance  of  this  obliquity  is  shown  in  Fig.  15  of  "  Diagnosis  of  Diseases-, 
of  the  Brain." 

f  Hirschberg,  Nagel 's  Jahresber.,  18 f  6,  79. 

%  See  Wilbrand,  "  Ueber  Hemianopsie,"  p.  160. 

\  In  the  case  here  figured,  and  in  another  figured  in  "  Diagnosis  of  Diseases  of  the  Brain  " 
in  which  a  quadrant  was  defective,  this  was  the  lower  one,  and  the  hemianopia  was  left  sided. 
Wilbrand's  statistics  give — left  hemianopia,  lower  quadrant  in  twenty-one  and  upper  in  five  . 
cases ;  right  hemianopia,  lower  quadrant  three  and  upper  five — a  curious  difference. 
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a  case  of  partial  softening  (Marchand).  In  the  case  shown  in  Fig.  249  it 
probably  resulted  from  disease  of  the  optic  thalamus  or  optic  radiation  near 
the  internal  capsule,  which  was  also  implicated.  Partial  hemianopia  is  often 
due  to  disease  of  the  occipital  lobe. 

The  acuity  of  central  vision  is  often  lowered  in  hemianopia,  even  when 
the  fixation  region  is  included  in  the  remaining  half  field.     Indeed,  as  Wil- 


Fig.  250. 


Right  hemianopia,  partial,  involving  only  the  periphery  of  the  half  field. 


brand  has  suggested,  there  should  always  be  some  central  amblyopia ;  if 
fibres  from  the  macular  region  pass  by  each  optic  tract,  the  loss  of  those 
which  pass  by  one  tract  should  lessen  vision.  Of  ninety-three  cases  collected 
by  him,  central  amblyopia  was  noted,  however,  only  in  fifty-three,  and  in 
some  of  these  ophthalmoscopic  changes  were  present.  The  cases  which  I 
have  carefully  examined  show  that  some  diminution  of  acuity  can  be  detected, 
if  a  stringent  test  is  used,  even  though  a  cursory  examination  may  reveal  no 


Fig.  251. 


Left  hemianopia,  with  a  great  reduction  of  remaining  half  fields,  accompanied  by  left 
hemiplegia  and  recurring  left-sided  convulsions.  The  symptoms  have  now  persisted 
for  twelve  years. 

defect.*     The  number  of  fibres  supplying  the  macular  region  is,  however, 
so  large  that  a  loss  of  one  half  may- have  but  a  slight  effect. 

In  many  cases  of  hemianopia  the  unaffected  half  fields  have  their  normal 
peripheral  extent.  In  other  cases  there  is  some  peripheral  reduction,  slight 
or  considerable,  and  this  when  there  is  no  peripheral  lesion,  such  as  optic 
neuritis,  to  which  it  can  be  ascribed.      The  reduction  has  hardly  received 


*  Of  course,  the  possibility  that  the  acuity  of  vision  may  not  have  been  normal  before  the 
onset  of  the  hemianopia  must  be  borne  in  mind. 
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the  attention,  it  deserves.  The  half  field  is  usually  smallest  in  the  eye  on  the 
side  toward  which  sight  is  lost,  i.  e.,  opposite  to  the  lesion,  but  as  this  is 
always  the  nasal  half  field,  the  peripheral  reduction  may  riot  seem  so  great 
as  in  the  larger  temporal  half  field  of  the  other  eye.  The  reduction  has 
been  supposed  to  be  due  to  the  lesion  being  in  the  optic  radiation  near  the 
thalamus  (Wilbrand),  but  it  may  be  absent  even  in  disease  of  the  occipital 
cortex.*     Its  probable  significance  will  be  considered  presently. 

Color  Hemianopia. — In  ordinary  hemianopia  the  loss  for  colors  corre- 
sponds to  that  for  white.  If,  however,  there  is  a  limitation  of  the  half  fields 
for  white,  the  color  fields  are  also  proportionally  reduced  in  size.  It  is  a 
remarkable  fact  that  there  may  be  hemianopia  for  colors  when  there  is  none 
for  white — "  hemiachromatopia. "  There  is  no  change  in  the  field  for 
objects,  but  as  soon  as  the  vertical  line  is  passed  all  colors  appear  gray. 
Several  cases  of  this  remarkable  defect  are  on  record, f  and  it  might,  per- 
haps, be  found  more  frequently  if  the  color  fields  were  tested  at  the  bedside 
in  all  cases  of  cerebral  disease.  The  dividing  line  appears,  generally,  to  pass 
through  the  fixation  point.  The  symptom  probably  depends  on  disease  of 
one  part  of  the  occipital  lobe,  and  is  proof  of  a  separate  centre  for  color 
vision,  but  the  position  of  this  centre  is  not  yet  known  ;  Wilbrand  suggests 
that  it  is  in  some  part  of  the  occipital  cortex  in  front  of  the  apical  region, 
and  that  impressions  pass  through  the  latter  to  reach  the  color  centre,  since 
disease  of  the  apex  causes  complete  hemianopia. 

With  the  two  exceptions  just  mentioned — the  limitation  of  the  remaining 
half  fields,  and  the  isolated  loss  for  colors — there  are  no  known  differences 
in  the  character  of  hemianopia  that  are  due  to  differences  in  the  seat  of  the 
disease  in  the  optic  path  behind  the  chiasma. 

Double  lateral  hemianopia,  if  complete,  necessarily  involves  total  loss  of 
sight.  It  has  been  known  to  result  from  successive  lesions  in  the  two  occipi- 
tal lobes,  the  hemianopia  left  by  the  first  attack  changing  to  complete  amau- 
rosis when  the  second  occurred.  J  A  remarkable  case  of  complete  color 
blindness,  with  apoplectiform  onset,  is  on  record.  The  acuity  and  fields  of 
vision  were  normal.  Some  color  vision  was  regained,  but  there  was  per- 
sistent blindness  to  red  and  green. § 

*  E.  g.,  case  of  Curschmann,  Cent.f.  Augenh.,  1879,  P-  I^1- 

f  Bjerrum,  Cent.  f.  Augenheilk.,  1881,  p.  471  ;  Samelsohn,  Cent.  f.  Med.  Wiss.,  1881, 
Nos.  47  and  50 ;  Eperon,  Arch.  d  Ophth.,  1884,  p.  356  ;  Charpentier,  "  De  la  Vision,  etc.," 
These  de  Paris,  1877;  Swanzy,  Trans.  Opk.  Soc„  vol.  iii,  p.  185.  Swanzy's  case  is  espe- 
cially important,  because  there  was  a  reduction  of  the  upper  part  of  the  field  for  white,  on  the 
side  'on  which  color  vision  was  lost,  which  suggests  that  the  centre  for  colors  is  adjacent  to 
that  part  of  the  half-vision  centre  in  which  the  upper  quadrant  is  represented.  The  remain- 
ing half  fields  for  colors  were  much  lessened,  and  it  appears  from  the  chart  that  there  was  a 
slight  limitation  in  that  for  white. 

J  Cases  recorded  by  Nothnagel  ("Topische  Diag.  der  Gehirnkr.,"  p.  389) ;  Calmeil  {Mai. 
de  Cerv.,  vol.  ii,  p.  411) ;  N.  Moore  (St.  Barth.  Hosp.  Rep.,  vol.  xv,  1879);  Chvostek  {Oat.- 
Zeitschrift  and  Virchow 's  Jahresb.,  1872,  vol.  ii,  p.  49). 

I  Steffen,  Arch.f.  Ophth.,  xxvii,  1881. 
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Lateral  hemianopia  is  attended  by  no  resulting  ophthalmoscopic  changes 
in  the  early  stage.  Alterations  in  the  fundus  may  coexist,  in  consequence 
either  of  the  nature  of  the  cerebral  lesion  (as  papillitis  in  cases  of  tumor) 
or  of  associated  morbid  states  (as  albuminuric  retinitis  in  cerebral  hemor- 
rhage). After  some  months  or  years,  slight  atrophic  changes  may  be  visible. 
Some  have  thought  that  pallor  could  be  observed  in  the  corresponding  half 
of  each  disc.  I  have  not,  myself,  been  able  to  recognize  this,  but  have  seen 
the  disc  on  the  side  on  which  the  temporal  half  field  was  lost  become  slightly 
paler  than  the  other.  This  is  explained  by  the  fact  that  the  area  of  field  lost 
is  greater  in  this  eye  than  in  the  other,  and  a  correspondingly  larger  number 
of  fibres  have  their  function  arrested. 

Lateral  hemianopia  which  has  lasted  for  some  weeks  in  complete  degree 
seldom  passes  away  altogether,  and  may  remain  permanent,  with  little  diminu- 
tion. Its  persistence  for  twenty-three  years  has  been  observed  by  Seguin.* 
When  a  complete  hemianopia  lessens,  it  may  do  so  from  the  medial  region 
toward  the  periphery,  so  as  to  leave  a  symmetrical  peripheral  loss,  as  in  Fig. 
250,  or  else  from  above  or  below,  so  as  to  leave  a  quadrantic  defect.  Rarely, 
however,  it  clears  from  the  periphery,  so  as  to  leave  symmetrical  scotomata, 
having  one  extremity  in  the  central  region. f 

Hemianopia  may  remain  for  a  long  time  unnoticed  by  the  patient,  or,  if  he 
detects  a  change  in  vision,  he  is  apt  to  think  that  there  is  a  loss  of  sight  of 
one  eye.  The  loss  is  especially  apt  to  escape  notice  when  a  considerable 
area  around,  the  fixing  point  is  spared,  and  central  vision  is  thus  but  little 
affected.  In  one  case,  the  loss  was  only  discovered  when  it  was  noticed  by 
the  nurse  that  the  patient,  at  dinner,,  never  ate  his  potatoes,  which  were 
always  placed  on  one  side  of  the  plate.  Hemianopic  patients,  in  circum- 
stances which  require  a  wide  range  of  vision,  often  carry  the  head  turned  a 
little  toward  the  blind  side,  so  as  to  bring  objects  opposite  them  nearer  the 
centre  of  the  remaining  portion  of  the  field.  The  loss  sometimes  leads  to 
accidents,  especially  in  those  who  are  unaware  of  their  defect. 

Lateral  hemianopia  is  frequently  associated  with  other  symptoms  of  an 
organic  lesion  of  the  brain.  Of  these,  hemiplegia,  transient  or  permanent, 
is  the  most  common,  and  is  present  in  at  least  half  the  cases. J  The  loss  of 
power  is  always  on  the  side  of  the  blindness,  when  the  two  are  the  result  of 
a  single  lesion  ;  the  patient  is  unable  to  see  toward  the  side  that  he  is  unable 
to  move.  Hemianassthesia  is  also  an  occasional  complication,  and  speech 
defects  are  sometimes  met  with  in  right-sided  cases.  The  significance  of 
these  associations  will  be  described  in  the  chapter  on  Cerebral  Localization. 

*  Journal  of  Nervous  and  Mental  Diseases,  Jan.,  1886. 

f  See  a  case  recorded  by  Lang  and  Fitzgerald,  Trans.  Oph.  Soc,  vol.  ii,  p.  231,  where 
references  to  other  cases  will  be  found. 

{The  proportion  of  published  cases  is  one-third  (59  of  154  cases  collected  by  Wilbrand), 
but  this  certainly  under:represents  the  proportion.  The  more  thorough  examination  of  cases 
now  made  reveals  hemianopia  in  so  many  cases  of  hemiplegia  that  its  presence  does  not  lead 
to  the  publication  of  the  case  unless  this  is  completed  by  an  autopsy,  and  it  is  still  probably 
undiscovered  in  many  cases  in  which  it  exists. 
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As  a  transient  symptom,  present  only  during  the  early  stage  of  the  dis- 
ease, hemianopia  often  occurs  in  severe  lesions  of  one  cerebral  hemisphere!! 
especially  in  cerebral  hemorrhage.     If  the   observer's  finger  is  suddenly,; 
brought  near  the  eye  of  the  patient,  first  from  one  side  and  then  from  the 
other,  it  will  be  found  that  there  is  a  reflex  contraction  of  the  orbicularis 
when  the  finger  approaches  from  the  sound  side,  and  none  when  it  is  on  the 
side  of  the  hemiplegia.     This  seems  to  show  a  hemianopic  defect,  as  part  of 
the  initial  general  interference  with  the  functions  of  the  affected  hemisphere/; 
although,  when  the  patient  has  so  far  recovered  as  to  permit  an  examination  ■ 
of  the  field,  no  defect  can  be  discovered,  and  the  difference  in  reflex  action 
no  longer  exists. 

Transient  functional  hemianopia  is  common  as  a  part  of  the  phenomena 
of  migraine ;  and,  like  other  manifestations  of  that  disease,  sometimes 
occurs  as  an  isolated  symptom,  apart  from  headache.  It  is  remarkable  that 
hemianopia  very  seldom  occurs  as  part  of  the  functional  disturbance  of 
hysteria,  in  which  another  form  of  sight  defect,  presently  to  be  mentioned, 
is  so  common.     Cases  of  hysterical  hemianopia  are  on  record,*  but  of  a 


Fig.  252. 


Concentric  reduction  of  fields  of  vision,  greatest  in  (with  considerable 
amblyopia)  the  left  eye,  accompanied  by  left  hemiansesthesia  and  slight 
hemiplegia;  sudden  onset.    The  patient  was  a  woman  sixty  years  of  age. 

large  number  of  cases  of  hemiauopia  that  have  come  under  my  observation, 
one  only  may  have  been  of  hysterical  origin. 

Oblique  or  horizontal  hemianopia  is  seldom  met  with,  and  needs  further 
study.  It  has  been  mentioned  that  the  dividing  line  in  lateral  hemianopia 
may  have  an  inclination  to  one  side  above  and  to  the  opposite  side  below, 
apparently  in  consequence  of  an  individual  peculiarity  in  the  decussation. 
It  is  conceivable  that  a  similar'  deviation  may  sometimes  give  rise  to  a 
hemianopia  which  may  be  fairly  termed  oblique.  Hemianopia  in  which  the 
dividing  line  is  horizontal,  and  an  upper  or  lower  half  is  blind,  is  very  rare.f 
It  may  be  simulated  by  a  symmetrical  lesion  of  the  optic  nerves,  or  may  be 
a  compound  of  double  partial  hemianopia,  in  which  the  two  lower  quad- 
rants are  lost.     In  the  same  way  a  loss  of  the  lower  quadrant  on  the  one 


*  Bonnefoy  ("  Troubl.  de  la  Vision  de  l'hysterte,"  Thise  de  Paris,  1874)  records  some 
cases  observed  at  the  Salpfitriere. 

f  A  case  of  loss  of  the  lower  half  of  each  field  is  recorded  by  Anderson,  Med.  Times  and 
Gazelle,  iS8j,  No.  1842. 
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side,  and  the  upper  quadrant  on  the  other  side,  may  conceivably  be  pro- 
duced (Wilbrand). 

Importance  has  been  attached  to  the  difference  between  cases  of  hemi- 
anopia  according  as  the  blind  half  fields  appear  to  the  sufferer  merely  vacant 
or  distinctly  black,  i.  e.,  whether  there  is  or  is  not  a  sense  of  entire 
absence  of  light  in  them.  But  the  significance  of  the  difference  has  yet  to 
be  ascertained.  In  the  case  of  temporal  hemianopia,  shown  in  Fig.  243, 
the  patient,  a  medical  practitioner,  describes  the  blind  halves  as  appearing, 
not  black,  but  like  a  fog ;  nevertheless,  he  cannot  even  discern  a  light  in 
the  blind  half. 

A  third  form  of  sight  defect  from  brain  disease  is  what  is  termed  crossed 
amblyopia  (see  p.  462).  There  is  dimness  of  sight  of  the  eye  oppo- 
site to  the  cerebral  lesion,  and  examination  of  the  field  shows  this  to  be 
concentrically  reduced  in  size,  in  varying  degree  in  different  cases.  Some- 
times it  is  reduced  to  a  small  area,  extending  only  just  beyond  the  blind 
spot,  about  200  around  the  fixing  point.  The  color  fields  are  also  reduced, 
and  disappear  altogether  when  the  diminution  for  white  is  considerable. 
The  patient  does  not  complain  of  the  sight 
of  the  other  eye,  but  if  it  is  tested  there  is  F";-  253- 

found  to  be  a  reduction  in  this  field  also, 
similar,  but  much  slighter  in  degree,  and 
never  involving  entire  loss  of  the  color 
fields,  even  of  that  for  red. 

This  form  of  sight  defect  is  similar  to  that 
which  often  occurs  in  hysteria  in  association 
with  hemiansesthesia.  Pathological  evidence 
of  the  seat  of  morbid  process  is  meagre,  but 
is  surficient  to  make  it  highly  probable  that      Concentric  ratrictfoli  of  the  field  of  the 

tl  .  .  .  ■  c  , ,  left  eye  (accompanied  by  amblyopia)  in 

the  symptom  depends  on  disease  of  the  cor-  a  woman  aged  fifty* 
tex  of  the  lower  and  hinder  part  of  the  pa- 
rietal lobe,  the  supra-marginal  and  angular  convolutions.  In  the  few 
fatal  cases  with  this  loss  the  disease  has  involved  this  region  (see  p.  463); 
while  the  symptom  is  not  caused  by  disease  of  the  occipital  lobe,  or  of  the 
temporal  lobe,  or  of  the  superior  parietal  lobule,  or  of  the  ascending  parietal. 
The  facts  of  disease  make  it  probable,  moreover,  (1)  that  the  eye  of  the 
same  side  must  be  represented,  in  slight  degree,  in  this  centre  as  well  as  the 
opposite  eye  in  chief  degree ;  (2)  that  partial  disease  lowers  the  function  of 
the  centre  as  a  whole,  and  does  not  cause  a  partial  loss  of  one  part  of  the 
field ;  and  (3)  that  the  centre  of  the  opposite  hemisphere  can  supplement, 
to  a  considerable  degree,  that  which  is  destroyed,  since  the  affection  of  vision 

*  The  right  eye  had  been  removed  many  years  before ;  the  affection  of  vision  was  attended 

by  left  hemianaaslhesia,  dullness  of  all  the  other  special  senses  on  the  left  side,  and  severe 

)  headache.     There  was  no  symptom  suggestive  of  hysteria.     Syphilis  was  probable.     The 

symptoms  developed  gradually,  and  increased  until  iodide  of  potassium  was  given,  when  they 

:  became  arrested,  and  they  had  distinctly  lessened  when  the  patient  ceased  to  attend  the 

hospital. 
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usually  lessens  after  a  time.  Complete  destruction  of  this  centre  does  not 
cause  complete  loss  of  sight  of  the  opposite  eye;  some  vision  and  a  small 
field  remain,  and  these  must  be  due  to  the  representation  of  this  eye  in  the 
other  hemisphere,  i.  e.,  in  the  hemisphere  on  the  same  side  as  the  eye  con- 
cerned. But  disease  of  this  region  seldom  is  complete,  because  the  blood 
supply  to  it  is  usually  shared  by  both  the  middle  cerebral  and  the  posterior 
cerebral.  Thus,  each  higher  visual  centre  must  be  connected  with  both 
occipital  lobes;  the  connection  with  that  of  the  opposite  hemisphere  must 
be  by  the  fibres  of  the  corpus  callosum. 

In  the  theory  here  advanced  to  account  for  crossed  amblyopia,  we  may 
find  an  explanation  of  the  concentric  restriction  of  the  remaining  half  fields, 
often  met  with  in  hemianopia.  If  disease  of  the  occipital  lobe,  causing 
half  blindness,  extends  forward  to  the  higher  visual  centre,  in  proportion  to 
the  damage  to  the  latter,  the  remaining  half  fields  will  be  concentrically 
reduced,  while,  if  the  higher  centre  is  completely  destroyed,  the  half  field 
of  the  opposite  eye  will  be  reduced  to  very  narrow  dimensions,  vision  being 
subserved  only  by  the  opposite  hemisphere.  It  is  possible  that  a  lesion  of 
the  white  substance  beneath  this  region  may  have  a  similar  effect.  We  need 
more  facts  before  any  confident  opinion  can  be  expressed  regarding  the 
cause  or  causes  of  this  concentric  contraction,  but  the  hypothesis  here 
advanced  is  supported  by  the  fact  that  the  reduction  of  the  half  field  is  often 
much  less  in  the  eye  on  the  side  of  the  lesion  than  in  the  other  eye,  just  as 
is  the  contraction  of  the  whole  field  when  the  higher  visual  centre  is  alone 
diseased.  In  the  cases  of  hemianopia  that  I  have  seen  in  which  the  fields 
were  narrowed  without  peripheral  disease  of  the  nerve,  and  in  which  there 
were  other  localizing  symptoms,  these  pointed  to  disease  of  the  cortex. 
Thus,  in  the  case  shown  in  Fig.  251,  hemiplegia  accompanied  the  hemiano- 
pia, and  was  accompanied  by  convulsions  in  the  paralyzed  limbs,  commenc- 
ing locally,  and  recurring  during  many  years,  a  sure  sign  of  a  cortical  lesion. 
There  are  few  recorded  pathological  observations  bearing  on  the  point,  but 
those  that  exist  confirm  the  view  here  expressed.* 

Mind  Blindness. — The  last  form  of  visual  defect  is  the  singular  condition 
called  "mind  blindness,"  which  has  been  already  briefly  mentioned.     The 


*  Thus,  in  a  case  of  right  hemianopia  recorded  by  Forster  (Graefe  u.  Saernisch's  "  Hand- 
buch,"  Bd.  vii,  p.  1 1 8),  in  which  the  peripheral  limitation  was  moderate  in  degree,  the  lesion 
involved  the  caudate  and  lenticular  nuclei,  and  also  the  cortex  in  a  small  region  in  the  ante- 
rior part  of  the  occipital  lobe  and  posterior  part  of  the  angular  gyrus.  In  another  case 
recorded  by  Hosch  {Klin.  Monatsbl.f.  Augenkr.,  1878,  p.  281),  in  which  the  limitation  was 
considerable,  a  lesion  in  the  occipital  lobe  extended,  from  the  neighborhood  of  the  internal 
capsule  up  to  the  gray  substance.  In  this  case,  however,  there  were  retinal  changes.  In  a 
case  recorded  by  Wernicke  of  right  hemianopia,  and  peripheral  limitation  of  the  fields,  the 
lesion  of  the  occipital  cortex  extended  to  the  posterior  part  of  the  angular  gyrus  ("  Gehirnkr.," 
Bd.  ii,  p  190).  On  the  other  hand,  in  a  case  of  disease  of  the  white  substance  recorded  by 
Westphal  ("  Charite-Annalen,"  Bd.  vi)  without  contraction  of  the  field  the  cortex  appeared 
normal.  A  cortical  lesion  did  not  extend  beyond  the  limits  of  the  occipital  lobe  in  cases 
without  concentric  limitation  recorded  by  Curschmann  {Cent.f.  Augenh.,  1879,  p.  181). 
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term  was  given  by  Munk  to  a  condition  which  he  produced  in  dogs  by  extir- 
pating parts  of  the  occipital  lobes.  The  animals,  while  apparently  able  to 
see,  failed  to  recognize  the  nature  of  objects,  such  as  food  placed  before 
them,  or  to  know  persons  with  whom  they  had  previously  been  familiar.  A 
similar  condition  has  been  observed  in  a  few  cases  of  brain  disease.  With- 
out other  mental  defect  there  has  seemed  to  be  an  entire  loss  of  visual  mem- 
ory; familiar  places  and  faces  seemed  strange  and  unfamiliar,  and  even  the 
nature  of  familiar  objects  was  not  recognized.*  The  loss  necessarily  includes 
that  of  visual  word  symbols. 

The  structures  that  subserve  the  functions  lost  in  mind  blindness  are  cer- 
tainly separate  from  those  of  the  half-vision  centres,  since  hemianopia  from 
disease  of  the  cortex  does  not  necessarily  involve  this  special  loss.  The 
centres  concerned  are  probably  in  front  of  the  half-vision  region,  either  in 
the  anterior  part  of  the  occipital  lobes  or  in  the  posterior  part  of  the  parietal 
lobes.  The  latter  is  more  probable  (see  p.  463).  The  recognition  of  visual 
word  symbols  is  subserved  by  structures  in  this  region  in  the  left  hemisphere, 
and  the  loss  of  this  function  may,  as  we  have  seen,  be  regarded  as  partial 
mind  blindness.  We  do*  not  know  whether  complete  mind  blindness  can 
be  produced  by  a  lesion  in  one  hemisphere,  or  whether  disease  of  both 
hemispheres  is  necessary  for  the  production  of  the  symptom.  Its  extreme 
rarity  is  in  favor  of  a  bilateral  cause,  and  experiments  on  animals  suggest 
the  same  conclusion.  When  the  condition  results  from  disease  of  one  hemi- 
sphere (as  in  the  case  figured  on  p.  463)  it  is  probably  transient.  If,  how- 
ever, there  is  a  congenital  defect  or  a  previous  lesion  in  the  higher  visual 
region  of  one  hemisphere,  disease  limited  to  the  other  hemisphere  might  give 
rise  to  permanent  mind  blindness. 

Although  hemianopia  does  not  involve  mind  blindness,  the  two  symptoms 
have  been  associated.  In  one  case  described  by  Wilbrand,  incomplete  left 
hemianopia  was  associated  with  a  slight  defect  in  the  lower  parts  of  the 
right  half  fields  suggestive  of  a  lesion  in  each  hemisphere.  Another  case  is 
recorded  by  Bernheim,  and  is  remarkable  since  considerable  and  persistent 
mind  blindness  (including  word  blindness)  accompanied  left  hemianopia  in 
a  left-handed  man.f 

In  connection  with  the  interference  with  the  higher  visual  functions  of 
the  brain,  it  may  be  noted  that  the  area  of  the  cortex,  which  is  apparently 
related  to  these  functions,  is  very  extensive.  In  no  part  of  the  brain  is  the 
difference  greater  between  the  brain  of  the  monkey  and  that  of  pan  than  in 
the  region  between  the  extremity  of  the  fissure  of  Sylvius  and  the  occipital 
lobe.    This  region  in  man  exceeds  in  size  the  whole  brain  of  the  monkey. 


*  Wilbrand  ("  Die  Seelenblindheit,"  1887)  has  analyzed  at  great  length  the  relations  of 
this  symptom  to  other  mental  processes. 

t  Bernheim,  Revue  de  Mid.,  1885,  p.  625.  This  case  is  consistent  with  the  suggestion 
given  in  the  text  that  unilateral  disease  only  causes  persistent  mind  blindness  when  there  is 
a  defect  in  the  opposite  hemisphere,  for  left  handedness  is  often  the  result  of  an  early  lesion 
or  congenital  defect  of  the  left  hemisphere. 
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Diagnosis. — Impairment  of  sight  in  one  eye  without  any  affection  of  the 
other,  and  with  loss  of  action  of  the  pupil,  means  disease  of  one  optic  nerve. 
A  central  scotoma  generally  means  disease  of  the  fibres  of  the  nerve  which, 
at  the  back  of  the  orbit,  occupy  the  middle  of  the  trunk.  Peripheral  limita- 
tion of  the  field  may  be  due  to  damage  to  the  peripheral  layer  of  the  nerve ; 
it  may,  probably,  also  be  the  result  of  a  slight  degree  of  damage  to  all  the 
fibres  of  the  nerve,  which  produces  most  impairment  in  the  periphery  of  the 
retina,  where  vision  is  normally  dull,  and  is  extinguished  first  by  a  general 
reduction  of  function.  A  sectorial  defect  in  one  eye  only  means  damage  to 
the  nerve,  considerable  in  degree,  but  partial  in  extent.  Amblyopia  with 
concentric  reduction  of  the  field,  considerable  in  one  eye  and  slight  in  the 
other,  may  be  due  to  atrophy  or  to  disease  of  the  higher  visual  centre  in  one 
hemisphere.  In  the  first,  the  ophthalmoscope  reveals  the  signs  of  atrophy, 
and  the  action  of  the  pupil  is  lessened ;  in  the  second,  the  aspect  of  the 
nerve  is  normal,  the  pupil  contracts  perfectly  under  the  influence  of  light, 
and  the  onset  is  either  sudden  or  attended  with  other  indications  of  an 
organic  cerebral  lesion.  In  functional  (hysterical)  amblyopia  the  symp- 
toms are  the  same  as  in  disease  of  the  higher  visual  centre,  and  the  diag- 
nosis depends  on  other  indications  of  organic  or  functional  disease  respec- 
tively. In  the  rare  cases  of  functional  disease  in  which  sight  is  affected  in 
one  eye  only,  the  perfect  .action  of  the  pupil  effectually  distinguishes  the 
condition  from  organic  disease  of  the  nerve.  Total  loss  of  sight  of  both 
eyes  may  be  due  to  chronic  atrophy,  to  damage  to  chiasma,  to  disease  of 
both  tracts  or  both  hemispheres.  In  all  cases  the  mode  of  development  of 
the  symptoms  enables  a  diagnosis  to  be  made;  the  symptoms  are  at  first 
partial,  and  their  character  indicates  clearly  the  position  of  their  cause.  It 
is  unnecessary  to  describe  in  detail  the  significance  of  the  various  combi- 
nations of  symptoms  which  sometimes  occur  in  the  progress  from  partial  loss 
to  total  blindness,  since  the  diagnosis  involves  only  an  application  of  the 
facts  already  given  in  the  account  of  the  symptoms. 

Temporal  hemianopia  indicates  disease  of  the  chiasma.  The  combination 
of  complete  blindness  in  one  eye,  and  a  loss  of  the  temporal  half  field  in 
the  other,  generally  means  disease  of  the  chiasma  extending  to  the  outer 
fibres,  and  often  to  the  optic  tract  on  the  side  on  which  the  blindness  is 
complete. 

The  diagnosis  of  the  seat  and  nature  of  the  cause  of  lateral  hemianopia 
depends  on  the  mode  of  onset  and  the  associations  of  the  symptom  ;  it  is  a 
question  of  cerebral  diagnosis,  and  will  be  considered  in  the  chapter  on 
Localization.  So  far  as  the  characters  of  the  hemianopia  are  concerned, 
the  chief  distinction  is  the  concentric  narrowing  of  the  field,  which  points 
to  disease  of  the  cortex.  A  distinction  has  been  sought  between  the  disease 
of  the  tract  and  of  the  intra-cerebral  path  and  centres,  in  the  action  of  the 
pupil  when  light  is  reflected  sideways  into  the  eye,  so  that  it  falls  some  dis- 
tance to  one  side  of  the  macula.  When  the  light  is  thrown  on  to  the 
blind  half  of  the  retina  the  pupil  contracts,  as  much  as  if  the  light  is  thrown 
on  the  seeing  half,  if  the  disease  is  in  the  hemisphere,  but  contracts  much  . 
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less  if  the  disease  is  in  the  tract,  because  the  path  to  the  corpora  quadri- 
.gemina  is  then  interrupted.*  The  test  is  of  value,  although  much  care  is 
required  in  its  employment. 

Prognosis. — The  prognosis  depends  on  the  nature  of  the  lesion  causing 
the  symptoms.  As  a  general  rule,  it  is  not  good.  Considerable  defect  of 
sight,  due  to  a  lesion  of  the  path  or  centres,  seldom  passes  away  entirely. 
Hemianopia  is  especially  persistent,  and  often  presents  very  slight  improve- 
ment even  when  the  lesion  has  been  stationary  for  years. 

Treatment. — The  treatment  depends  on  the  nature  of  the  morbid  pro- 
cess causing  the  symptoms,  and  this  is  described  in  detail  in  the  account  of 
the  several  diseases. 

FUNCTIONAL  AMBLYOPIA  AND  AMAUROSIS. 
Toxic  Amaurosis. — Bilateral  loss  of  sight,  usually  complete  in  degree  and 
extent,  but  brief  in  duration,  is  an  occasional  result  of  certain  toxic  blood 
states.  It  is  especially  common  as  a  consequence  of  uraemia.  The  loss  of 
sight  comes  on  suddenly ;  sometimes  the  patient  wakes  up  blind.  The 
pupils  are  commonly  dilated  ;  they  may  or  may  not  act  to  fight.  Other 
urasmic  symptoms,  such  as  convulsions,  usually  accompany  the  amaurosis. 
Sight  returns  when  the  state  of  the  blood  is  improved  by  treatment.  There 
are  no  ophthalmoscopic  changes  related  to  the  amaurosis,  but  albuminuric 
retinitis  often  coincides  with  it.  A  similar  amaurosis  has  been  met  with  in 
cases  of  lead  poisoning.  In  poisoning  by  quinine,  and  in  the  acute  anaemia 
that  results  from  loss  of  blood,  sight  is  sometimes  lost,  but  changes  in  the 
retina  are  commonly  met  with,  although  it  is  not  certain  that  these  changes 
are  the  cause  of  the  affection  of  vision.  The  variations  in  the  action  of  the 
pupil  in  different  cases  of  uremic  amaurosis  seem  to  show  that  the  nerve 
elements,  on  which  the  blood  state  acts,  are  not  always  the  same.  Nerve 
cells  are  more  susceptible  to  arrest  of  function  than  nerve  fibres,  and,  there- 
fore, we  must  assume  that  when  the  action  of  the  pupil  is  preserved,  the 
poison  acts  on  the  cerebral  visual  centres,  and  that  when  the  action  of  the 
pupil  is  lost,  the  retina  itself  is  rendered  insensitive,  either  alone  or  together 
with  the  cerebral  centres. f  If  the  amaurosis  is  sometimes  of  retinal  origin, 
it  must  be  due  to  a  direct  action  on  the  nerve  elements,  because  the  absence 
of  any  change  in  the  retinal  vessels  during "  the  loss  of  sight  is  well  estab- 
lished. 

Migrainous  Hemianopia  has  been  already  mentioned,  and  will  be  described 
more  fully  in  the  account  of  the  disease. 

Reflex  Amblyopia. — Vision  is  sometimes  impaired  in  one  eye,  or  both,  by 
irritation  of  other  nerves,  chiefly  by  that  of  the  fifth.     There  is  often  a  con- 

*Wilbrand,  "  Ueber  Hemianopsie,"  Berlin,  1881,  p.  89. 

t  The  state  of  the  pupils  in  these  cases  needs  more  study  than  it  has  yet  received.  In 
connection  with  the  possible  influence  of  the  blood  state  on  both  the  ocular  and  cerebral 
nerve  cells,  it  would  be  interesting  to  know  whether,  when  the  action  to  light  is  lost,  this 
ever  returns  before  vision. 
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centric  contraction  of  the  field  of  vision,  but  seldom  complete  loss  of  sight. 
Vision  is  most  affected  on  the  side  of  the  fifth  nerve  irritated,  and  the  inter- 
ference is  sometimes  confined  to  this  eye.  The  stimulus  may  be  the  pain  of 
neuralgia  or  an  irritation  of  the  nerve  by  organic  disease  or  injury;  fre- 
quently it  is  due  to  a  carious  tooth.  The  tooth  is  generally  a  molar; 
although  it  has  been  fancied  that  a  recognition  of  this  pathological  connec- 
tion underlies  the  popular  name  of  "eye  teeth"  for  the  canines.  The 
branch  irritated  has  been  generally  in  the  second  or  first  division  of  the 
fifth  nerve ;  sometimes  it  has  been  a  branch  to  the  eyeball  itself,  as  when 
amblyopia  accompanies  the  photophobia  of  corneal  or  conjunctival  inflam- 
mation. The  affection  of  sight  generally  subsides  when  the  irritation  of  the 
nerve  is  removed.  It  does  not  depend  on  any  visible  change  in  the  retina, 
although  vascular  dilatation  has  been  seen  in  some  cases.  Its  mechanism  is 
uncertain,  but  the  most  probable  explanation  is  that  an  inhibitory  influence  is 
exerted  on  the  nerve  cells  of  the  retina  or  on  the  visual  centres  in  the  brain.* 
At  the  same  time  it  must  be  remembered  that  a  similar  irritation  has  been 
known  to  set  up  an  actual  inflammation  in  the  eyeball.  Cases  have  been 
recorded  in  which  amaurosis  was  supposed  to  be  due  to  the  irritation  of 
intestinal  worms,  but  most  of  these  were  observed  in  pre-ophthalmoscopic 
times,  and  more  cannot  be  said  than  that  this  is  a  possible  but  certainly 
very  rare  cause.. 

Hysterical  Amblyopia. — The  characters  of  the  loss  of  sight  that  occurs  in 
hysterical  hemianaesthesia  have  been  already  mentioned,  and  will  be  again 
considered  in  connection  with  the  other  symptoms  of  this  disease.  The  loss 
of  sight  is  scarcely  ever  complete,  and  when  it  is  considerable  in  the  eye  on 
the  anaesthetic  side  it  is  usually  distinct,  in  slighter  degree,  in  the  other  eye. 
In  rare  cases,  the  loss  does  not  conform  to  this  type.  Thus,  I  have  met  with 
absolute  loss  of  sight  in  one  eye,  without  any  affection  of  the  other,  and  a 
curious  case  of  paroxysmal  complete  blindness,  associated  with  abductor 
palsy  of  the  larynx — both  certainly  "functional  " — is  mentioned  in  the 
chapter  on  Hysteria. 

Amblyopia,  such  as  is  met  with  in  hysteria,  sometimes  occurs  as  an  iso- 
lated symptom.  Although  usually  transient,  it  is  sometimes  of  very  long 
duration,  and  may,  perhaps,  be  permanent — perpetuated  by  changes  in  nutri- 
tion, which  increase  to  changes  in  structure.  A  middle-aged  lady  who  had 
suffered  from  various  symptoms  of  functional  derangement  of  the  nervous 
system,  cardiac  irregularity,  vasomotor  swelling  of  the  hands,  etc.,  com- 
plained of  dimness  of  sight  of  the  right  eye.  Acuity  of  vision  was  greatly 
reduced,  and  the  field  was  contracted  to  a  small*  area  around  the  fixing 
point.  The  fundus  and  the  action  of  the  pupil  were  perfectly  normal.  At 
no  time  was  there  any  other  sensory  loss,  or  any  other  symptom  to  suggest 
an  organic  cerebral  lesion.  The  patient  was  seen  occasionally  during  two 
years,  and  during  that  time  the  condition  of  vision  and  of  the  eye  remained 

*  Compare  the  case  mentioned  on  p.  592,  in  which  pain  in  one  eye  accompanied  visual 
disturbance  as  the  aura  of  fits  due  to  a  tumor  of  the  opposite  cerebral  hemisphere. 
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unchanged.  Sometimes  amaurosis,  coming  on  under  conditions  suggestive 
of  functional  disturbance,  goes  on  to  optic  nerve  atrophy.  A  lady  was 
always  peculiarly  sensitive  to  thunder-storms,  although  not  specially  alarmed 
at  them  ;  and  she  could  always  foretell  a  coming  storm  with  remarkable 
accuracy.  During  one  severe  storm  she  became  suddenly  blind.  There 
was  no  suspicion  of  a  lightning  stroke.  Vision  never  returned.  I  only  saw 
her  years  after  the  onset,  and  there  was  then  simple  but  complete  atrophy  of 
the  optic  nerves.  Such  a  case  may  remind  us  of  Charcot's  patient  with 
hysterical  paraplegia,  who  recovered,  but  relapsed  under  a  mental  shock, 
and  the  paraplegia  became  perpetuated  as  lateral  sclerosis  of  the  spinal  cord, 
found  after  death. 

It  is  probable  that  the  seat  of  the  morbid  process  in  functional  amblyopia 
and  amaurosis  is  the  cortex  of  the  brain.  The  hypothesis  of  a  higher  visual 
centre  in  each  hemisphere  enables  us  to  understand  its  seat  more  readily 
than  does  the  theory  that  the  half-vision  region  constitutes  the  highest  visual 
centre.  Crossed  amblyopia,  on  the  latter  theory,  involves  the  assumption 
that  there  is  a  combined  partial  disturbance  of  both  hemispheres,  while  all 
the  associated  symptoms  point  to  the  disturbance  of  one  hemisphere  only. 
The  nature  of  the  change  is  a  matter  of  speculation.  Arrest  of  function  in 
the  nerve  cells  is  indicated  by  the  symptoms,  and  it  seems  more  reasonable 
to  regard  this  arrest  as  a  primary  inhibition,  than,  by  assuming  vasomotor 
spasm,  to  invoke  a  derangement  of  other  nerve  cells  in  the  vasomotor 
centres.  Such  a  theory  only  explains  the  condition  by  throwing  the  diffi- 
culty further  back,  into  the  obscurity  of  the  sympathetic.  The  addition  to 
this  theory,  favored  in  France,  that  the  vasomotor  spasm  is  the  result  of 
uterine  irritation,  need  only  be  mentioned.  The  treatment  of  these  func- 
tional conditions  is  that  of  the  general  nervous  states  of  which  they  com- 
monly form  part.  \ 

Irritation  Symptoms  in  the  functions  of  the  optic  nerves  are  very  rare 
in  organic  disease,  although  common  in  certain  functional  maladies,  espe- 
cially in  migraine  and  epilepsy.  In  migraine  the  common  form  is  the  zig- 
zag appearance,  often  colored,  and  known  as  the  "  fortification  spectrum." 
.  Similar  appearances  are  occasionally  seen  without  other  symptoms  of 
migraine,  both  by  those  who  are  subject  to  headache  and  by  others.  One 
patient  under  my  care  was  troubled  with  these  appearances  for  years,  as  an 
isolated  symptom.  Often  the  zigzag,  was  arranged  in  definite  relation  to 
some  actual  visual  image,  as,  for  instance,  around  a  plate  which  was  before 
him.  At  other  times  the  spectrum  was  unilateral,  and  appeared  to  start 
from  one  edge  of  the  field  of  vision.  These  phenomena  are  described  more 
fully  in  the  chapter  on  Migraine.         | 

In  epilepsy,  visual  impressions  are  very  common  as  the  aura  of  an  attack, 
or  as  constituting  a  minor  seizure.  They  are  exceedingly  varied  in  character, 
and  are  of  every  degree  of  elaboration,  from  a  complex  visual  idea  (such  as 
an  appearance  of  an  old  woman  in  a  red  cloak)  to  a  simple  flash  of  light. 
Stars,  or  a  luminous  ball  coming  nearer  or  receding,  are  other  forms. 
Various  colors  are  sometimes  seen,  especially  red  or  blue;  the  most  common 
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color  is  a  yellowish  red,  resembling  that  of  fire.  Simple  colored  vision,  in 
which  all  objects  appear  colored,  is  scarcely  ever  met  with.  An  apparent 
increase  or  reduction  in  the  size  of  objects  seen  by  the  patient  is  a  rare  aura. 
For  further  details,  the  reader  is  referred  to  the  chapter  on  Epilepsy.*  I 
have  known  simple  colored  vision,  red  or  blue,  lasting  for  a  few  minutes,  to 
occur  as  an  isolated  symptom  in  apparently  healthy  individuals.  The  cause 
of  the  colored  vision  occasionally  met  with  in  jaundice,  and  from  the 
administration  of  santonin,  is  not  known. 

Visual  hallucinations  are  common  in  delirium  and  insanity,  and  similar 
illusions  occasionally  occur  as  isolated  symptoms  in  various  states  of  nervous 
weakness.  They  are  especially  common  in  persons  of  unstable  nervous 
organization,  in  whose  families  insanity  exists.  Such  patients  are  often 
persistently  annoyed  by  spectral  visions  of  various  kinds,  grinning  faces,  hor- 
rible sights,  and  the  like,  when  they  close  their  eyes  and  try  to  sleep. 
Occasionally  similar  visions  disturb  such  persons  in  their  waking  state.  Thus, 
one-  young  lady  frequently  had  a  distinct  vision  of  a  rat  or  a  dog  running 
across  the  room  in  which  she  was  sitting.  A  curious  relation  has  been  noted,  in 
a  few  cases,between  such  illusions  and  functional  excitation  of  the  optic  nerves. 
We  have  just  seen  that  a  zigzag  spectrum  may  be  determined  in  its  position  by 
an  actual  sense  impression  ;  in  the  cases  now  under  consideration,  a  distinct 
false  vision  has  existed  only  when  the  eyes  were  open,  and  has  disappeared 
when  they  were  closed.  It  would  seem  that  the  nerve  cells  are  only  excited 
to  morbid  action  by  functional  stimulation.  In  a  curious  case,  recorded  by 
Hammond, f  a  woman,  during  many  months,  frequently  saw  before  her  the 
image  of  a  man  and  a  woman  whenever  her  eyes  were  opened,  and  could  at 
any  time  produce  the  vision  by  hanging  her  head  down.  It  disappeared 
when  the  eyes  were  closed,  and  when  the  right  eye  was  closed  one  of  the 
figures  always  disappeared,  and  the  other  when  the  left  eye  was  closed. J 

As  a  result  of  organic  brain  disease,  a  visual  aura  has  preceded  convulsions 
in  several  cases  of  disease  of  the  occipital  lobe.  In  one  case,  of  a  tumor  of 
the  occipital  cortex  extending  as  far  as  the  angular  gyrus,  the  aura  was  a 
flash  of  light  referred  to  the  left  eye,  and  an  apparent  diminution  in  the  size 
of  objects  seen,  and  sometimes  pain  in  the  eyeball. §  In  another  case,  with 
visual  aura,  recorded  by  Traube,  the  disease  was  a  cyst  in  the  white  substance 
of  the  occipital  lobe.  || 

Ocular  Hyperesthesia. — A  simple  increased  sensitiveness  of  the   optic 


*  In  the  author's  "  Epilepsy  and  other  Convulsive  Diseases,"  a  full  analysis  of  these  symp- 
toms will  be  found. 

t  Journal  of  Nervous  and  Mental  Disease,  188J,  p.  467. 

X  A  relation  which  we  can  understand  on  the  theory  that  in  the  higher  visual  centre  the 
opposite  eye  is  represented,  but  not  on  the  current  hypothesis  that  the  half-vision  relation 
obtains  in  the  higher  as  in  the  lower  visual  regions. 

$  Lancet,  iSyg,  vol.  i,  p.  363. 

||  "Gesammt.  Beitrage,"  Ed.  ii,  p.  1083.  Another  case  is  recorded  by  Westphal,  "Charite 
Annalen,"  Bd:  vi. 
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nerve,  involving  merely  an  ability  to  perceive  a  slighter  amount  of  light  or 
smaller  objects  than  can  be  perceived  by  individuals  with  normal  vision, 
scarcely  occurs  as  an  effect  of  disease.  The  power  of  seeing  with  the  naked 
eye  the  satellite  of  Jupiter,  may  be  relegated  to  the  category  of  physiological 
curiosities.  The  term  "  hyperaesthesia  "  is  commonly  used  in  connection 
with  sight  to  denote  the  condition  in  which  distress  or  pain  is  caused  by  an 
amount  of  light  which  causes  no  inconvenience  in  health.  *  Such  intoler- 
ance is  common  in  many  ocular  inflammations  or  irritation,  especially  in 
iritis  and  keratitis,  and  is  then  termed  "  photophobia."  Apart  from  ocular 
disease  it  occurs  in  weak  states  of  the  nervous  system,  especially  in  women, 
and  sometimes  in  association  with  symptoms  of  hysteria.  In  these  cases  it 
is  termed  "retinal  hyperaesthesia,"  but  it  is  doubtful  whether  the  morbid 
state  is  retinal.  The  symptom  was  once  thought  to  indicate  inflammation 
of  the  retina,  but  in  most  of  these  cases  the  deeper  parts  of  the  eye  are  nor- 
mal, and  actual  retinitis,  strange  to  say,  may  cause  no  intolerance,  nor  does 
this  ever  result  from  simple  neuritis.  ,  In  health,  an  excessive  amount  of 
light  is  distressing,  and  in  albinoes  an  excessive  amount  may  act  on  the 
retina  when  that  which  falls  on  the  eye  is  not  more  than  can  be  borne  by  a 
normal  individual.  Optic  hyperaesthesia  is  sometimes  accompanied  by 
lessened  power  of  sight,  or  rather  by  extreme  readiness  of  exhaustion,  so 
that  the  field  of  vision  quickly  contracts  under  examination,  and  use  of  the 
eyes  rapidly  dims  the  sight.  Intolerance  of  light  is  always  associated  with  a 
tendency  to  protect  the  eye  by  closing  the  lids — "  blepharospasm." 

It  is  remarkable  that  the  diseases  that  most  readily  produce  photophobia 
are  those  of  structures  that  are  supplied  by  the  fifth  nerve.  The  reflex  con- 
sequence, closure  of  the  eyelids,  is  related  to  both  the  optic  and  the  fifth 
nerves,  guarding  the  eye  from  mechanical  injury  and  from  an  excess  of 
light.  It  is  probable  that  there  is  a  central  relation  between  the  centres  for 
the  two  centripetal  nerves  concerned,  so  that  increased  action  of  the  centres 
of  the  fifth  alter  the  sensibility  of  those  for  vision.  At  the  same  time  the 
possibility  that  light  may  influence  the  fifth  nerve  in  the  eye  cannot  be  alto- 
gether excluded.  A  curious  case  has  been  recorded  by  Hutchinson,  in  which 
photophobia  was  produced  by  corneal  inflammation  in  a  blind  eye. 

The  treatment  of  intolerance  of  light  is,  first,  the  removal  of  its  cause, 
whether  this  is  disease  in  the  region  of  the  fifth  nerve  or  defective  nutrition 
of  the  nervous  system,  and,  secondly,  the  diminution  of  the  surface  sensi- 
tiveness of  the  eye,  by  the  instillation  of  cocain,  and  by  cold  douches. 
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MOTOR  NERVES  OF  THE  EYEBALL. 
(THIRD,  FOURTH  AND  SIXTH  NERVES.) 

The  motor  nerves  of  the  eyeball  are  the  third,  fourth,  sixth,  and  sym- 
pathetic. The  external  muscles  are  supplied  by  the  three  former,  the  inter- 
nal muscles  by  the  third  nerve  and  the  sympathetic.  It  will  be  convenient 
to  reserve  for  special  description  the  affections  of  the  internal  muscles,  and 
to  consider  first  the  general  symptoms  of  paralysis  of  the  external  muscles, 
the  special  symptoms  of  disease  of  each  nerve,  and  the  causes  and  treatment 
of  such  disease. . 

When  there  is  no  muscular  contraction,  the  eyeball  is  in  the  position  of 
rest,  and  in  this  position,  under  normal  circumstances,  the  line  of  vision  is 
at  right  angles  to  the  plane  of  the  face.  This  is  termed  its  "  primary  posi- 
tion." Any  deviation  from  the  primary  position  is  due  to  muscular  action. 
Many  movements  are  produced  by  more  than  one  muscle.  Each  of  the 
straight  muscles  turns  the  eyeball  in  the  direction  indicated  by  its  special 
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Fig  254  —Action  of  elevators  of  right  eye :  the  arrow  heads  indicate  the  direction  of 
movement  produced  by  the  muscles  named.  The  curved  lines  represent  the  rota- 
tion on  the  antero-posterior  axis,  the  vertical  lines  that  on  the  transverse  axis, and 
the  horizontal  lines  that  on  the  vertical  axis  of  the  eyeball. 

Fig.  255.— Action  of  depressors  of  right  eye.    See  last  Fig.  and  description. 

name,  but  the  superior  and  inferior  recti,  in  consequence  of  their  origin 
being  nearer  the  middle  line  of  the  body  than  is  their  attachment  to  the 
eyeball,  tend  to  turn  the  eyeball  inward  and  to  rotate  it,  so  as  to  incline  the 
vertical  axis  of  the  globe.  The  upper  end  of  this  vertical  axis  (which  it  is 
convenient  to  indicate  by  S)  is  inclined  inward  by  the  superior  rectus,  out- 
ward by  the  inferior  rectus.  This  tendency  to  rotation  is  counteracted  by 
the  simultaneous  contraction  of  the  oblique  muscles ;  the  inferior,  which 
rotates  £  outward,  acts  with  the  superior  rectus;  the  superior  oblique, 
which  rotates  5  inward,  acting  with  the  inferior  rectus.  The  oblique  mus- 
cles also  counteract  the  inward  movement  of  the  globe  on  its  vertical  axis, 
caused  by  the  superior  and  inferior  recti,  and  they  also  assist  the  recti  in 
moving  the  eyeball  upward  and  downward  j  having  a  slight  elevating  and 
depressing  action  (see  diagrams,  Figs.  254  and  255).  When  the  eyeball  is 
moved  diagonally,  the  lateral  rectus  acquires  a  rotating  influence,  but  this, 
in  the  outward  diagonal  movements,  is  counteracted  by  the  opposite  ten- 
dency of  the  associated  superior  or  inferior  rectus.     In  the  case  of  slight 


Ciliary  muscle. 
Sphincter  iridis. 
Lev.  palp. 

Rect.  Int.     Rect.  sup. 
Rect.  infer.     Obliq.  inf. 
(Obliq.  sup.,  4th  n.) 


OPTIC    NERVE.  595 

inward  diagonal  movements  the  rotating  tendency  of  the  superior  and 
inferior  recti  corresponds  with  that  of  the  lateral  muscle  concerned,  and 
must  therefore  be  counteracted  by  an  oblique  muscle. 

The  origin  of  the  eyeball  nerves  has  been  already  described  (pp.  488,  489). 
The  tract  of  gray  matter  beneath  the  aqueduct  of  Sylvius,  which  gives 
origin  to  the  third  nerves,  is  continuous  behind  with  the  nucleus  of  the  fourth 
nerves',  and  both  are  connected  with  the  apparently  separate  nucleus  of 
the  sixth  by  the  posterior  horizontal  fibres.  We  have,  as  yet,  no  direct 
evidence  of  the  precise  distribution  of  function  in  the  nucleus  of  the 
third  nerve.  The  conclusion  of  Hensen  and  Voelcker,*  from  their  experi- 
ments on  dogs,  has  been  stated  at  p.  489.  A  case  investigated  by  Kahler 
and  Pickf  suggests  that  the  arrangement  of 
centres  is  not  simply  from  before  back,  but  Mid-Line 
that  there  is  also  a  lateral  difference  of 
function.  They  suggest  the  accompanying 
modification  of  the  plan  of  Hensen  and 
Voelcker.  The  evidence  is  strong  that  the 
anterior  part  of  the  nucleus  controls  accom- 
modation, and  the  next  the  action  of  the 

iris  to  light,  and  that  these  functions  are  subserved  by  the  anterior  fasciculi 
of  the  roots  of  the  nerve.  J 

The  relation  between  the  internal  rectus  and  the  opposite  external  rectus, 
and  the  anatomical  arrangement  concerned  in  the  lateral  movement  of  the 
eves,  will  be  described  in  the  account  of  their  conjoint  palsy. 

GENERAL  SYMPTOMS  OF  PARALYSIS. 

Loss  of  power  in  the  ocular  muscles  is  indicated  by  five  kinds  of  symp- 
toms :  limitation  of  movement,  non-correspondence  of  visual  axes  (z.  e., 
strabismus),  secondary  deviation  of  the  sound  eye,  erroneous  projection  of 
the  field  of  vision,  and  diplopia.  Strabismus  and  diplopia  may  result  from 
spasm,  but  persistent  spasm  is  rare,  except  as  the  common  form  of  "  squint," 
and  in  this  diplopia  is  absent,  for  a  reason  that  will  be  presently  mentioned. 

Limitation  of  Movement. — If  a  muscle  is  paralyzed,  the  eyeball  cannot  be 
moved  so  far  as  normal  in  the  direction  of  action  of  that  muscle.  In  com- 
plete palsy  the  defect  is  absolute  ;  the  eyeball  cannot  be  moved  beyond  mid- 


*  Arch.f.  Ophlh.,  Bd.  xxiv,  1878,  p.  I.     See  also  p.  489. 

f  Prag.  Zeitsch.f.  Heilk.,  1881,  p.  301,  and  Cent.f.  Angenh.,  1883.  The  chief  evidence 
is  that  in  two  cases  of  nuclear  disease  and  palsy  of  some  muscles,  there  was  a  marked  dif- 
ference in  the  affection  of  the  medial  and  lateral  fibres  of  some  fasciculi.  The  observed 
grouping  of  palsy  in  disease  is  seldom  significant,  because  the  process  is  usually  degenera- 
tive, and  this  is  often  very  irregular  in  its  incidence. 

%  It  is  not  probable  that  the  position  of  these  centres  in  man  is  as  far  forward  beneath 
the  floor  of  the  third  ventricle  as  it  is  in  dogs,  and  as  it  has  been  assumed  to  be  in  man  by 
some  writers.  The  nuclei  of  the  third  nerves  cannot  be  traced  farther  forward  than  the 
position  of  the  posterior  commissure. 
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position,  unless  slight  movement  by  other  muscles  is  possible.  After  a  time 
the  globe  is  fixed  in  the  opposite  position  by  contraction  of  the  unopposed 
antagonist  of  the  paralyzed  muscle.  Thus,  in  paralysis  of  the  external  rec- 
tus, the  eyeball  cannot  be  moved  outward,  and  after  a  time  is  turned  inward 
by  the  contracture  of  the  internal  rectus.  If  the  paralysis  is  incomplete, 
movement  is  deficient  in  proportion  to  the  amount  of  palsy,  and  toward  the 
limit  of  movement  the  motion  is  often  jerky  ("paralytic  nystagmus")  from 
remissions  in  the  contraction,  analogous  to  tremor  in  a  weak  limb.  When 
both  eyes  are  open,  and  acting  together,  the  extent  of  movement  is  usually 
less  than  when  the  other  eye  is  closed,  and  the  patient  uses  the  affected  eye 
only,  and  is  compelled  to  strive  to  "  fix  "  the  object  with  it. 
•  Strabismus  and  Secondary  Deviation. — In  consequence  of  the  defect  in 
movement,  the  axes  of  the  two  eyes  do  not  correspond  in  positions  that 
necessitate  the  action  of  the  paralyzed  muscle.  If  a  lateral  rectus  is 
affected,  the  axes  converge  or  diverge,  producing  convergent  or  divergent 
"strabismus,"  which  increases,  the  greater  the  degree  of  movement  of 
the  sound  eye  in  the  direction  of  action  of  the  paralyzed  muscle. 
Paralysis  of  the  external  rectus  causes  convergent  strabismus,  that  of 
the  internal  rectus  divergent  strabismus.  The  deviation  of  the  axis  of 
the  paralyzed  eye  from  parallelism  with  that  of  the  sound  eye,  is  termed 
the  "primary  deviation."  If  the  sound  eye  is  prevented  seeing  the  object, 
and  the  patient  looks  at  this  (is  made  to  fix  it)  only  with  the  affected  eye, 
the  sound  eye  is  moved  still  farther  in  that  direction,  and  hence  the  devia- 
tion of  the  visual  axes  is  increased.  This  is  called  the  "  secondary  devia- 
tion." Its  existence  and  amount  may  be  best  ascertained  by  subsequently 
covering  the  paralyzed  eye,  and  making  the  patient  fix  with  the  unaffected 
eye,  which,  to  do  so,  moves  back  to  its  former  position.  The  hand,  or  a 
piece  of  paper,  may  be  so  placed  as  to  intercept  the  vision  of  the  one  eye, 
while  leaving  it  exposed  to  observation.  A  piece  of  ground  glass  placed* 
over  the  eye  answers  the  same  purpose.  The  occurrence  of  secondary 
deviation  depends  on  the  fact  that  normally  two  muscles  which  act  together 
are  equally  innervated  for  a  given  movement.  If  one  is  weak,  and  an 
effort  is  made  to  contract  it  (as  in  fixing  with  that  eye),  the  increased 
innervation  influences  also  the  other  muscle,  and  causes  an  undue  contrac- 
tion. It  is  as  if  a  rein  acted  equally  on  a  hard-mouthed  and  a  tender-mouthed 
horse,  yoked  together ;  the  effort  to  make  the  former  deviate  would  cause 
an  excessive  deviation  of  the  latter.  The  secondary  deviation  is  a  delicate 
test  for  weakness  of  an  ocular  muscle,  and  may  reveal  its  existence  when 
the  primary  deviation  is  too  slight  to  be  observed.  Moreover,  these  devia- 
tions afford  a  distinction  from  strabismus  due  to  muscular  spasm,  such  as 
ordinary  squini.  In  the  latter,  the  deviation  exists  in  all  movements;  in 
paralytic  strabismus  only  in  those  movements  that  call  into  action  the  para- 
lyzed muscle.  In  ordinary  strabismus  the  deviation  is  the  same  whether 
the  patient  fixes  with  one  eye  or  the  other  ;  in  paralytic  strabismus  fixation 
with  the  normal  eye  evokes  the  primary,  and  that  with  the  affected  eye  the 
secondary  deviation,  and  these  two  are  similar  in  direction,  but  opposite 
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in  character,  the  primary  being  a  defect,  and  the  secondary  an  excess  of 
movement. 

Erroneous  Projection. — An  interesting  and  important  effect  of  the  increased 
innervation  that  causes  the  secondary  deviation,  is  erroneous  projection  of 
the  visual  field.  We  judge  of  the  relation  of  external  objects  to  each  other 
by  the  relation  of  their  images  on  the  retina;  but  we  judge  of  their  relation 
to  our  own  body  by  the  position  of  the  eyeball  as  indicated  to  us  by  the 
innervation  we  give  to  the  ocular  muscles.  When  there  is  no  muscular 
effort,  and  the  eyes  are  at  rest  in  mid-position,  we  know,  to  use  popular  lan- 
guage, that  an  object  at  which  we  are  looking  is  opposite  our  face ;  that  is, 
that  a  line  from  the  centre  of  the  field  of  vision  to  the  macula  lutea  is  per- 
pendicular to  the  facial  plane.  If  we  turn  the  eyes  toward  one  side,  we 
know  that  an  object  in  the  middle  of  the  field  is  to  the  side  of  its  former 
position ;  how  far  to  the  side  we  estimate  by  the  degree  of  movement  of  the 
eyes  as  indicated  by  the  amount  of  innervation,  and  if  we  want  to  touch 
the  object,  the  knowledge  thus  gained  enables  us  to  so  contract  the  muscles 
of  the  arm  as  to  effect  the  desired  movement  with  precision.  But  the 
increased  innervation  needed  by  a  weak  ocular  muscle  gives  the  impression 
of  a  greater  movement  of  the  eye  than  has  really  taken  place;  and  suggests 
that  the  objects  seen  are  further  on  that  side  than  they  really  are.  If  the 
patient  attempts  to  touch  an  object,  the  finger  goes  beyond  it.  The  erro- 
neous projection  exists,  of  course,  only  in  those  movements  of  the  eyes,  for 

•  "  which  the  weak  muscle  is  necessary.  It  is  greatest  when  the  affected  eye  is 
used  alone;  it  disappears  altogether  when  this  is  closed.  The  erroneous  pro- 
jection is  always  in  the  direction  of  action  of  the  affected  muscle.  The 
knowledge  of  the  relation  of  external  objects  to  the  body,  gained  from  the 
contraction  (i.  e.,  innervation)  of  the  eyeball  muscles,  is  one  of  the  most 
important  sources  of  guidance  to  the  centres  that  regulate  the  muscular  con- 
tractions for  maintaining  the  equilibrium  of  the  body.  The  erroneous 
projection  of  the  field  destroys  the  harmony  between  the  visual  impres- 
sions and  the  others  that  are  correct;  the  resulting  discord  and  its 
consequences  may  affect  consciousness  as  the  sensation  of  "giddiness." 
This  giddiness,  depending  on  paralysis  of  an  ocular  muscle,  is  termed 
"ocular  vertigo." 

Double  Vision. — We  have  seen  that  the  field  of  vision  of  the  paralyzed 
eye  is  erroneously  projected.  Each  object  in  the  field  is  referred  to  a  posi- 
tion other  than  that  which  it  actually  occupies,  and  corresponding  to  the 
degree  of  ineffectual  innervation.  But,  if  the  patient  looks  with  both  eyes, 
the  field  of  the  unaffected  eye,  being  normally  projected,  does  not  cor- 
respond with  the  field  of  the.  affected  eye ;  the  images  formed  in  the  two 
eyes  are  mentally  referred  to  different  positions ;  objects  are  seen  double. 
The  patient  is  conscious  of  the  doubling  only  of  that  object  the  image  of 
which  is  formed  at  the  macula  lutea  of  one  eye  or  the  other ;  that  is,  of  the 

i  object  which  is  fixed  by  one  eye,  for  which  the  eye  is  accommodated,  and 
to  which  the  attention  is  directed.  The  image  formed  in  the  unaffected 
eye,  being  referred  to  its  correct  position,  is  termed  the  "true  image;"  the 
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Fig.  256. 


other  is  termed  the  "false  image."     The  distance  between  the  two  images 
depends  on  the  amount  of  the  error  of  projection,  and  corresponds  to  the 

degree  of  deviation  of  the  eyeball  from  the 
position  which  it  should  occupy  with  that 
amount  of  innervation.  In  consequence  of 
this  deviation  of  the  two  visual  axes,  the 
retinal  image  is  formed  at  the  macula  lutea 
only  in  one  eye  (the  fixing  eye).  In  the 
other  eye  it  falls  upon  a  part  of  the  retina 
away  from  the  macula,  at  a  distance  from  it 
which  corresponds  with  the  degree  of  devia- 
tion, and,  therefore,  with  the  amount  of  erro- 
neous projection.  It  was  formerly  thought 
that  the  circumstance  that  the  two  images 
are  formed  upon  non-corresponding  parts  of 
the  two  retinae  affords  an  adequate  explana- 
tion of  the  diplopia.  But  the  diplopia  which 
occurs  in  secondary  contracture  of  a  muscle 
cannot  be  explained  by  the  simple  theory  of 
non-correspondence  of  retinal  areas.  A 
muscle,  the  right  external  rectus,  for  instance, 
is  paralyzed,  and  when  all  the  muscles  are  at 
rest,  and  each  eye  should  be  directed  straight 
forward,  the  right  eye  is  turned  inward  by 
the  permanent  shortening  of  the  unopposed 
internal  rectus.  The  image  of  an  object 
opposite  the  eye  is  formed  on  the  macula 
lutea  of  the  left  eye,  but  to  the  inner 
side  of  the  macula  lutea  of  the  right.  That  this  is  no  reason  why  there 
should  be  diplopia  will  be  evident  if  we  suppose  for  a  moment  that  the 
patient  has  only  the  right  eye,  that  this  is  normal  and  voluntarily  turned 
to  the  left.  It  is  clear  that  the  object  in  the  position  supposed  will  be  seen, 
not  distinctly,  because  its  image  falls  on  an  eccentric  part  of  the  retina,  but 
still  in  its  actual  place.  So,  too,  if  we  suppose  the  patient  to  have  only  the 
left  eye,  and  that  this  is  directed  toward  the  object;  this  will  also  be  seen 
in  its  normal  place.  Thus,  there  is  no  reason,  in  the  mere  deviation  of  the 
eyes,  and  the  non-correspondence  in  position  of  the  retinal  images,  why  the 
object  should  be  seen  in  this  eye  in  an  erroneous  position^ why  there  should 
be  double  vision.  The  explanation  is,  that  in  the  case  supposed — of  a  nor- 
mal eye  being  turned  to  the  left— the  field  is  mentally  projected  to  the  left, 
in  correspondence  with  the  degree  of  active  muscular  innervation ;  the  centre 
of  the  field  lies  thus  to  the  left,  and  the  object  straight  in  front  is  referred  to 
its  proper  eccentric  position  in  the  field.  But  in  the  case  of  the  contrac- 
tu red  eye,  all  the  muscles  are  at  rest;  the  field  is  referred  to  the  position 
normally  corresponding  to  rest,  the  centre  of  the  field  is  projected  directly 
in  front,  the  eccentric  image  of  the  object  is  referred  to  an  eccentric  position 


Diagram  to  illustrate  the  production  of 
diplopia  by  the  erroneous  projection. 
In  consequence  of  weakness  of  the  right 
external  rectus,  the  image  of  A  formed 
at  the  macula,  M,  of  the  left  eye,  falls 
within  the  macula  of  the  right  eye  at  a. 
But  the  effort  corresponds  to  that  neces- 
sary to  bring  the  macula  to  m  (in  the 
broken  arc),  Hence  B,  whose  image  is 
at  m,  seems  to  occupy  the  position  of  A, 
and  the  image  formed  at  a  to  the  left  of 
m  is  projected  to  the  other  side  of  A, 
and  seems  to  occupy  the  position  C  as 
if  it  were  formed  at  c  to  the  left  of  m. 
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in  the  field,  and  the  patient  sees  the  object  in  a  false  position  with  this  eye, 
in  the  real  one  with  the  other.  Thus,  the  non-correspondence  of  the  retinal 
images  does  not  explain  the  diplopia,  except  with  the  help  of  the  erroneous 
projection.  The  latter  does  explain  it  without  the  former.  Nevertheless, 
if  there  is  no  contracture,  and  the  paralyzed  eye  when  at  rest  is  in  mid- 
position,  as  in  recent  paralysis,  the  facts  of  diplopia  may  be  explained,  and 
its  laws  formulated,  on  either  hypothesis. 

Diplopia  exists  equally  whether  the  patient  fixes  with  the  normal  or  with 
the  paralyzed  eye,  but  in  the  former  case  the  true,  in  the  latter  the  false 
object  is  the  more  distinct,  that  image  being  always  the  more  distinct  which 
is  formed  at  the  macula.  The  distance  between  the  double  images  is  greater 
when  fixation  is  by  the  paralyzed  eye,  because  the  greater  muscular  effort 
results  in  a  wider  error  of  projection;  of  this  greater  effort  the  secondary  devia- 
tion of  the  non-paralyzed  eye  is  evidence.  As  Graefe  has  pointed  out,  if  the 
patient  moves  his  finger  from  the  fixing  (paralyzed)  eye  to  the  apparent  image, 
in  trying  to  touch  it,  the  line  taken  by  the  finger  corresponds  in  direction  with 
the  visual  line  of  the  other  (secondary  deviating)  eye  ;  each  represents  the 
excessive  amount  of  muscular  innervation,  and  the  degree  of  excess  is  a 
measure  of  the  erroneous  projection  of  the  field  of  the  paralyzed  eye. 

In  recent  paralyses,  diplopia  exists  only  when  the  eyeball  is  in  a  position 
that  needs  the  action  of  the  paralyzed  muscle.  In  old  cases,  with  secondary 
contracture  and  permanent  deviation,  diplopia  may  occur  during  rest,  or 
even  during  other  movements.  The  distance  between  the  double  images 
increases  the  farther  the  object  is  moved  in  the  line  of  action  of  the  affected 
muscle.  As  a  rule,  it  is  the  false  image  which  appears  to  move  from  the 
other,  and  the  direction  of  its  movement  is  that  of  the  action  of  the  muscle. 

The  false  image  may  be  on  the  same  side  of  the  other  as  the  eye  by  which 
it  is  seen  {homonymous  or  simple  diplopia),  or  it  may  be  on  the  other  side 
{crossed  diplopia).  When  the  muscle  which  is  paralyzed  is  an  abductor,  and 
the  eyes  therefore  converge,  the  diplopia  is  simple;  when  the  muscle  is  an 
adductor,  and  the  eyes  diverge  in  paralysis,  the  diplopia  is  crossed.  This 
depends  on  the  fact  that,  in  the  former  case  (of  convergent  strabismus  from 
loss  of  abduction),  the  false  image  is  formed  on  the  side  of  the  retina  toward 
the  sound  eye,  and  is  therefore  projected  on  the  other  side  of  the  real  object. 
In  the  case  of  divergent  strabismus  from  paralysis  of  an  adductor,  the  false 
image  is  formed  on  the  side  of  the  retina  farthest  from  the  sound  eye,  and 
is  therefore  projected  on  the  side  of  the  real  object  toward  the  sound  eye. 
The  student  may  remember  the  relation  by  the  rule  that  when  the  visual  lines 
(prolonged  ocular  axes)  cross,  the  diplopia  is  not  crossed. 

In  diagonal  positions  of  the  eyeballs  the  two  images  are  not  parallel ;  the 
false  one  appears  inclined.  On  the  theory  that  the  diplopia  is  due  to  the 
non-correspondence  of  the  parts  of  the  retinae  on  which  the  images  are  formed, 
the  obliquity  is  explained  by  the  fact  that  an  abnormal  rotation  occurs  in 
these  diagonal  positions.  This  rotation  is  due  to  the  action  of  the  oblique 
muscle,  which  should  prevent  rotation  by  opposing  this  tendency  of  the 
paralyzed  muscle.     The  obliquity  is  explicable,  also,  on  the  theory  that  the 
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diplopia  is  due  to  erroneous  projection  ;  as  v.  Graefe  has  shown,  the  same 
principles  apply  to  an  abnormal  rotation  as  to  a  defect  in  lateral  movement. 

The  total  field  of  vision  which  is  brought  into  view  by  various  movements 
of  the  eyes,  the  head  being  still,  may  be  represented  as  a  circle,  the  centre 
of  which  is  at  the  fixing  point,  when  the  eyes  are  at  rest,  while  the  radii 
represent  the  various  movements,  horizontal,  vertical,  and  diagonal.  The 
circle  is  termed  the  "motor  field."  In  paralysis  of  one  muscle,  without 
secondary  contracture,  there  is  diplopia  only  in  one  part  of  this  field,  that 
corresponding  to  the  movement  of  the  muscle.  Thus,  in  paralysis  of  the 
right  external  rectus  there  is  diplopia  in  the  right  half  of  the  field.  The 
line  which  separates  the  area  of  single  or  double  vision  varies  in  direction 
with  each  muscle,  and  corresponds  with  the  position  of  the  axis  of  the  eye- 
ball around  which  the  globe  moves  when  the  muscle  is  in  action ;  but  the 
correspondence  is  seldom  exact,  on  account  of  the  cooperation  of  other 
muscles  in  certain  positions.  To  lessen  the  double  vision,  the  patient  often 
holds  his  head  in  such  a  position  as  to  call  the  paralyzed  muscle  into  action 
as  little  as  possible.  The  movement  of  the  head  is  on  an  axis  which  corre- 
sponds to  the  line  of  separation  of  single  from  double  vision,  and  thus  to 
the  axis  on  which  the  eyeball  is  moved  by  the  affected  muscle. 

Patients  are  not  always  conscious  of  double  vision.  If  the  muscular 
weakness  is  slight,  the  two  images  may  nearly  correspond,  and  the  result  may 
be  an  indistinct  outline  to  the  apparently  single  image.  Again,  if  the  images 
are  far  apart  the  less  distinct  eccentric  image,  may  be  neglected,  and  the 
patient  may  be  conscious  only  of  that  which  is  seen  by  the  normal  eye. 
This  is  often  the  case  in  old  palsies.  The  detection  of  diplopia  is  facilitated 
by  placing  a  red  glass  before  one  eye,  preferably  the  sound  eye,  because  the 
more  distinct  image  seen  with  this  eye  is  thus  rendered  less  preponderant. 
A  narrow  strip  of  paper  is  then  held  up  in  various  parts  of  the  field  j  the  one 
image  is  seen  red,  the  other  white.  The  two  are  thus  more  easily  distin- 
guished, and  their  relative  positions  can  be  ascertained.  If  the  red  glass 
alone  does  not  at  first  suffice,  the  view  from  each  eye  may  be  alternately 
obstructed,  and  if  there  is  double  vision  the  position  of  the  object  will  seem 
to  alter  as  it  changes  from  red  to  white. 

In  employing  diplopia  in  diagnosis  we  must  first  prove  that  it  is  binocular 
and  not  monocular,  by  ascertaining  that  it  ceases  when  one  eye  is  closed.* 
We  then  learn  by  the  colored  glass  whether  the  double  vision  is  simple  or 
crossed,  whether  the  two  images  are  on  the  same  level  or  not,  and  the  direc- 
tion in  which  movement  of  the  object  increases  the  distance  between  the 
images.  When  the  images  are  side  by  side  and  the  diplopia  is  simple,  the 
paralyzed  muscle  is  of  the  eye  on  the  side  toward  which  movement  increases 
the  distance  between  the  images.  If  the  diplopia  is  crossed,  it  is  a  muscle 
of  the  other  eye.  If  the  images  are  one  above  the  other,  the  paralyzed  eye 
is  that  of  which  the  image  ascends  from  the  other  in  looking   upward, 

*The  cause  of  monocular  diplopia  is  still  unknown.  It  is  sometimes  well  marked  when 
there  is  no  discoverable  abnormality  in  the  refraction  or  in  the  fundus  of  the  eye. 


OCULAR   NERVES.  601 

descends  in  looking  down.  If  there  is  secondary  contracture  of  the  antago- 
nist of  the  paralyzed  muscle,  diplopia  exists  through  the  whole  range  of 
movement  in  the  plane  of  action  of  the  muscles,  i.  e.,  during  the  action  not 
only  of  the  paralyzed  muscle,  but  also  of  its  antagonist ;  but  the  distance 
between  the  images  during  movement  remains  the  same  on  the  side  of  the 
contractured  antagonist,  while  it  alters  on  the  side  of  the  paralyzed  muscle. 
It  must  be  remembered  that  the  vertical  action  of  the  superior  and  inferior 
recti  is  greatest  in  abduction  of  the  eye,  and  that  during  adduction  the 
oblique  muscles  also  elevate  and  depress.  Vertical  movements  are,  there- 
fore, in  the  line  of  action  of  two  sets  of  muscles,  and  to  discriminate  between 
them  we  must  move  the  object  up  and  down  both  during  adduction  and 
abduction.  Vertical  diplopia  in  abduction  is  due  to  the  superior  or  inferior 
rectus;  in  adduction  only  is  due  to  paralysis  of  an  oblique  muscle. 

Aid  in  diagnosis  is  also  to  be  obtained  by  prisms,  on  the  principle  that  a 
prism  so  placed  that  its  base  corresponds  with  the  direction  of  action  of  the 
paralyzed  muscle  increases  the  distance  between  the  double  images;  one 
in  the  opposite  position  blends  them.  They  may  also  be  blended  by  a 
prism  placed  before  the  unaffected  eye  in  the  position  in  which,  before  the 
affected  eye,  it  increases  the  diplopia.  Fusion  by  a  prism  before  the  affected 
eye  removes  the  erroneous  projection  ;  fusion  by  a  prism  before  the  normal 
eye  brings  the  projection  of  this  field  into  the  same  error  as  the  other. 

PARALYSIS  OF   INDIVIDUAL  MUSCLES. 

We  may  now  consider  the  symptoms  of  paralysis  of  each  muscle.  It  must 
•  be  remembered  that  more  than  one  muscle  is  often  affected,  and  the  symp- 
toms are  correspondingly  combined ;  and  that,  in  diseases  of  the  central 
nervous  system, .palsy  and  spasm  are  sometimes  so  associated  as  to  render  an 
exact  diagnosis  difficult,  and  occasionally  impossible.  This  difficulty  is 
often  due  to  the  circumstance  that  a  given  palsy  was  preceded  by  some  • 
other  derangement  of  movement,  as  another  slight  paralysis  and  secondary 
contracture. 

The  paralyses  described  and  figured  are  of  the  muscles  of  the  right  eye, 
except  that  of  the  external  rectus,  which  is  of  the  left  eye,  for  comparison 
with  the  paralysis  of  the  opposite  internal  rectus.* 

External  Rectus (Fig.  257). — The  defect  of  movement  is  outward,  with  con- 
vergent strabismus ;  secondary  deviation  is  by  the  opposite  internal  rectus. 
The  diplopia  is  simple,  in  the  left  half  of  the  motor  field  ;  the  two  images  are 
on  the  same  level  in  the  horizontal  movement,  and  the  distance  between  them 
increases  as  the  object  is  moved  to  the  left.  In  diagonal  positions  the  false 
image  is  inclined,  the  images  diverging  from  the  horizontal  plane.  Toward 
the  limit  of  movement  there  are  often  slight  spasmodic  rotatory  movements 
by  the  unopposed  oblique  muscle.     The  head  is  inclined  to  the  left. 

Internal  Rectus  (Fig.  258). — The-defect  of  movement  is  inward  ;  the  sec- 

*The  diagrams  of  double  vision  are  after  those  of  Woinow  ("Das  Verh.  der  Doppel- 
bilder,"  Wien,  1870). 
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ondary  deviation  is  by  the  opposite  external  rectus ;  the  strabismus  is 
divergent.  Diplopia  is  crossed,  in  the  right  half  of  the  motor  field.  In 
diagonal  movements  the  images  diverge  toward  the  horizontal  plane.  The 
head  is  inclined  toward  the  right. 


Fig.  257. 


Fig.  258. 


SEC? 


<3>  *  ^7&      <3^\ 


DEV.? 


SEC^     DEV?. 


* 


Fig.  257. — Paralysis  of  the  left  external  rectus  ;  colored  glass  over  right  eye ;  primary  deviation  on  looking 
toward  an  object  (o)  on  the  left;  position  of  double  images  ;  secondary  deviation  of  the  tight  eye  when  the 
screen,  s,  obstructing  the  fixation  of*  by  this  eye,  compels  fixation  by  the  weak  muscle.  When  the  screens 
are  removed,  the  right  eye,  in  fixing,  moves  back  to  the  position  of  the  dotted  outline  of  the  cornea.  (In 
the  diagram  of  diplopia  the  highest  white  (false)  image  should  have  been  represented  a  little  lower  than 
the  true  image.) 

Fig.  258. — Paralysis  of  right  internal  rectus  ;  primary  deviation;  double  vision  (red  glass  over  right  eye) ; 
secondary  deviation.    (Compare  Fig.  257  and  description.) 


Fig.  259. 


Fig.  260. 


fIg  262'-5S!a  In  Sral'Lt  °f  ^ht-  s"P?rii"'-re<:tus-    (The  black  image  is  that  of  affected  eye.) 
riG.2to._  Diplopia  in  paralysis  of  the  right  inferior,  rectus.    (Right  image  black.) 

Superior  Rectus  (Fig.  259).—  Movement  is  defective  upward,  especially 
upward  and  outward,  and  in  attempting  the  movement  the  eyeball  is  rotated, 
the  upper  end  of  the  vertical  meridian  outward,  by  the  inferior  oblique. 
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Secondary  deviation  is  by  the  opposite  superior  rectus.  The  diplopia  is 
crossed  and  exists  in  the  upper  half  of  the  motor  field  ;  the  images  are  one 
above  the  other,  the  upper  image  being  the  false  one  and  receding  from  the 
other  as  the  object  is  moved  upward.  The  false  image  is  inclined.  The 
difference  in  height  is  greatest  in  abduction,  while  the  inclination  is  greatest 
in  adduction.  These  differences  are  due  to  the  influence  of  the  inferior 
oblique,  which  rotates  as  well  as  elevates.  The  head  is  held  backward,  and 
inclined  toward  the  sound  side. 

Inferior  Rectus  (Fig.  260). — Movement  is  defective  downward,  especially 
downward  and  outward,  because  in  the  downward  and  inward  move- 
ment the  superior  oblique  is  able  to  supplement  the  paralyzed  rectus.  The 
upper  end  of  the  vertical  meridian  is  inclined  inward  by  the  oblique,  from 
the  loss  of  the  rotating  action  of  the  inferior  rectus.  Diplopia  exists  in  the 
lower  half  of  the  field,  especially  in  the  outer  portion ;  it  is  crossed,  the 
images  being  near  together  laterally,  but  the  false  image  is  below  the  other, 
and  recedes  with  the  downward  movement.  The  two  images  (if  the  object 
is  held  vertically)  diverge  from  the  horizontal  plane.  The  difference  of 
height  is  greatest  in  abduction  ;  that  of  obliquity  in  adduction.  Secondary 
deviation  is  produced  by  the  opposite  inferior  rectus.  The  head  is  inclined 
downward  and  toward  the  affected  side.  In  an  attempt  to  look  down,  the 
upper  lid  does  not  descend,  but  remains  raised  in  correspondence  with  the 
position  of  the  eye  (see  Fig.  262). 

Superior  Oblique  (Fig.  261). — Defect  of  movement,  chiefly  downward  and 
inward,  since  in  this  position  the  muscle  is 
a  depressor.  In  moving  from  the  down- 
ward to  the  inward  position,  or  vice  versa, 
the  eye  moves  straight  from  one  point  to  the 
other,  instead  of  in  a  curve.  Strabismus 
exists  only  below  the  horizontal  plane,  and 
is  convergent.  Secondary  deviation  is  by 
the  opposite  superior  oblique,  turning  its  eye 
downward  and  inward.  Diplopia  exists  in 
the  inner  lower  part  of  the  motor  field  ;  it  is 
simple  ;  the  false  image  is  the  lower,  and 
the  images  diverge  toward  the  horizontal 
plane.  The  difference  in  height  is  greatest 
in  adduction,  the  obliquity  of  the  false  DiPloPia  in  ^ffi^^tf™* MiqWM 
image  is  greatest  in  abduction.    The  lateral 

distance  is  greatest  in  the  middle  line,  and  lessens  when  the  object  is  moved 
either  inward  or  outward.  The  head  is  inclined  forward,  and  toward  the 
sound  side.  The  diplopia  is  chiefly  noticed  when  the  patient  has  to 
look  down,  as  in  descending  stairs,  which  appear  double.  The  detection  of 
this  palsy  is  difficult,  since  the  oblique  takes  so  small  a  share  in  moving  the 
eye  downward,  that  no  absolute  defect  of  movement  results  from  the  paraly- 
sis. The  diplopia  is  the  most  important  indication,  and  if  the  other  eye 
cannot  be  moved  downward,  the  detection  of  the  palsy  may  be  impossible. 
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Inferior  Oblique. — Defect  of  movement  inward  and  upward,  the  moving 
in  a  straight  line  instead  of  in  a  curve,  from  the  upward  to  the  inward  posi- 
tions, and  vice  versd.  The  secondary  deviation  is  inward  and  upward  by 
the  inferior  oblique  and  internal  rectus  of  the  sound  eye.    Diplopia  exists  in 


Fig.  262. 


Fig.  263. 


Partial  paralysis  of  left  third  nerve.  Defective  movement 
upward,  from  weakness  of  the  superior  rectus,  and  down- 
ward, from  weakness  of  inferior  rectus. 


Paralysis  of  both  third  nerves  in  a  child  two 
years  old.  Complete  double  ptosis,  and 
divergence  of  both  eyes,  by  the  external 
recti,  when  the  eyelids  are  raised.  The 
child  was  of  a  tubercular  family,  and  pre- 
sented also  double  optic  neuritis  and  weak- 
ness of  the  limbs  of  both  sides.  No  other 
cranial  nerves  were  affected.  The  proba- 
ble cause  of  the  symptoms  was  a  tubercular 
tumor  in  the  interpeduncular  space.  Under 
tonic  treatment  all  the  symptoms  passed 
away,  and  a  year  later  the  child  appeared 
quite  well. 


the  upper  inner  half  of  the  field  ;  it  is  simple,  the  false  image  above  the  other, 
especially  in  adduction,  and  oblique  (the  images  converging  toward  the 
horizontal  plane),  especially  in  abduction.  The  head  is  inclined  backward, 
and  toward  the  affected  side. 
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Of  isolated  palsies,  that  of  the  external  rectus  is  incomparably  the  most 
frequent,  and  the  order  or  frequency  of  145  cases  was  found  by  A.  Graefe 
to  be  :  external  rectus  105,  superior  oblique  52,  inferior  rectus  io,  superior 
rectus  9,  internal  rectus  5,  inferior  oblique  2.  The  frequency  of  isolated 
palsies  of  the  first  two  muscles  is  due  to  their  separate  innervation. 

AFFECTIONS  OF  SPECIAL  NERVES. 

Sixth  Nerve,  Abducens  Oculi. — Only  one  muscle,  the  external  rectus, 
being  supplied  by  the  sixth  nerve,  the  disease  of  the  nerve  causes  only  paraly- 
sis of  this  muscle.  As  the  figures  given  above  show,  it  is  the  most  frequent 
ocular  palsy. 

Third  Nerve.* — When  the  whole  of  the  third  nerve  is  affected,  all  the 
external  muscles  of  the  eye  are  paralyzed,  with  the  exception  of  the  superior 
oblique  and  external  rectus;  the  levator  palpebrse,  sphincter  iridis,  and 
ciliary  muscle  are  also  affected.  The  upper  eyelid  droops  and  cannot  be 
raised;  the  eye  can  be  moved  only  outward,  and  a  little  downward  and  in- 
ward, by  the  superior  oblique.  The  pupil  is  of  medium  size,  and  does  not 
contract  on. exposure  to  light;  power  of  accommodation  is  lost.  In  an 
attempt  to  raise  the  eyelid  the  frontal  muscle  contracts  strongly  (see  next 
page). 

After  a  time  the  deviation  outward  of  the  eye  increases,  in  consequence  of 
contracture  in  the  external  rectus,  and  the  pupil  becomes  larger  than  it  was 
at  first,  by  a  similar  contracture  in  the  radiating  fibres.  Paralysis  of  the 
third  nerve  is  often  partial ;  the  various  muscles  supplied  by  it  are  affected 
in  different  degrees,  and  some  may  escape  altogether.  The  muscles  to  the 
eyeball  may  be  involved,  and  the  levator  may  escape,  but  the  paralysis  of 
the  former  is  then  seldom  complete.  The  levator  and  superior  rectus  are 
often  involved  together  and  escape  together,  but  this  rule  is  not  invariable. 
The  external  muscles  may  suffer,  and  those  within  the  globe  may  be  unaf- 
fected ;  the  converse  relation  is  only  seen  in  cases  of  nuclear  disease. 

Both  third  nerves  may  suffer,  but  it  is  rare  for  both  to  be  paralyzed  com- 
pletely, as  in  the  case  shown  in  Fig.  263.  There  is  then  complete  double 
ptosis,  and  if  the  lids  are  raised  the  eyeballs  are  seen  to  turn  outward,  and 
to  be  almost  immovable.  In  most  cases  of  bilateral  disease  the  paralysis  is 
partial.  In  some  cases  the  distribution  of  the  palsy  is  determined  by  func- 
tional association  ;  thus,  each  internal  rectus  may  be  affected,  and  no  other 
muscles ;  this  is  paralysis  of  an  associated  movement,  and  these  cases  will 
be  separately  considered. 

Ptosis. — The  drooping  of  the  eyelid  may  be  complete,  so  that  it  cannot 
be  raised,  or  it  may  be  incomplete,  and  can  be  raised  to  a  certain  point,  but 
not  higher.     There  is  usually  a  conspicuous  over-action  in  the  correspond- 


*The  third  nerve  is  commonly  termed  in  Germany  the  "oculo-motorius,"  a  name  which 
has  the  grave  practical  inconvenience  of  preventing  the  use  of  the  term  "oculo-motor"  in 
its  exact  and  much-needed  general  significance. 
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ing  half  of  the  frontalis,  which  normally  acts  with  the  levator  when  the  eyes 
are  directed  much  above  the  horizontal  plane.    This 
Fio^264.  js  an  jnstance  0f  secondary  over-action  in  an  asso- 

ciated muscle,  analogous  to  the  secondary  deviation 
in  an  ocular  muscle.  In  some  persons  the  frontalis 
can  produce  a  slight  elevation  of  the  lid,  in  others  it 
has  no  real  influence.  In  order  to  ascertain  whether 
a  slight  voluntary  elevation  of  the  lid  is  due  to  the 
levator  or  frontalis,  it  is  necessary  to  fix  the  eyebrow 
by  pressing  it  against  the  bone. 

Fourth  Nerve. — The  symptom  of  paralysis  of  the 
Paralysis  of  the  left  third      fourth  nerve   is   paralysis  of  the   superior   oblique, 
oTfrontaHsSis ;  over~action     which  has  been  already  described. 

Sympathetic. — Disease  of  the  sympathetic  causes 
paralysis  of  the  radiating  fibres  of  the  iris,  with  consequent  loss  of  the  dila- 
tation of  the  pupil.  There  are  also  slight  prominence  of  the  eye  and  slight 
ptosis,  supposed  to  be  due  to  atony  of  the  involuntary  fibres  of  Miiller  in  the 
fascia  of  the  orbit. 

INTERNAL  OCULAR  PALSY. 

Ciliary  Muscle :  Cycloplegia  ;  Loss  of  Accommodation. — The  evidence  of 
this,  in  normal  and  hypermetropic  eyes,  is  that  near  vision  fails  and  distant 
vision  remains  good,  while  near  vision  can  be  restored  by  a  convex  glass. 
Usually,  though  not  invariably,  the  contraction  of  the  iris,  which  normally 
occurs  on  accommodation,  is  absent  also.  In  myopia  and  presbyopia  the 
absence  of  the  power  of  accommodation  makes  little  difference  to  sight,  and 
the  diagnosis  of  the  condition  is  difficult.  Accommodation  depends  on  the 
third  nerve,  and  is  lost  in  complete,  and  often  in  partial,  damage  to  the 
trunk  of  the  nerve,  and  in  disease  of  the  anterior  of  its  fibres  of  origin,  or  of 
the  anterior  part  of  the  nucleus  beneath  the  posterior  commissure.  The 
path  from  the  third  nerve  is  through  the  ciliary  ganglion  and  ciliary  nerves. 
Loss  of  accommodation  in  one  eye  only,  without  the  affection  of  other 
branches  of  the  third  nerve,  is  possibly  due  to  disease  of  the  ciliary  ganglion 
or  of  the  nervous  ganglia  within  the  eye,  but  we  have  no  evidence  at  present 
of  the  effects  of  disease  of  these  structures.  Bilateral  cycloplegia,  occurring 
alone,  usually  depends  on  disease  of  the  centres  in  the  nuclei  of  the  third 
nerves.  It  occurs  in  diphtheritic  paralysis,  of  which  it  is  one  of  the  earliest  and 
most  constant  symptoms.  It  occurs  also  as  an  associated  symptom  in  degen- 
erative disease  of  the  spinal  cord,  especially  in  tabes.  Its  relation  to  such 
diseases  is  similar  to  that  of  the  loss  of  the  reflex  action  of  the  iris,  imme- 
diately to  be  described. 

Iris :  Iridoplegia. — The  iris  has  three  actions,  two  reflex  and  one  asso- 
ciated :  (i)  Reflex  contraction  of  the  sphincter  on  exposure  of  the  eye  to 
light.  (2)  Reflex  dilatation  by  the  radiating  fibres  on  stimulation  of  some 
cutaneous  nerve.  (3)  Contraction  on  accommodation,  usually,  but  not 
necessarily,  associated  with  convergence. 

(i)  Loss  of  the  Associated  Action  ;  Accommodative  Iridoplegia. — The  pupil 
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does  not  lessen  in  size  when  an  effort  to  accommodate  is  made.  To  exam- 
ine this  action  it  is  only  necessary  to  make  the  patient  look  first  at  a  distant 
and  then  at  a  near  object ;  the  two  should  be  in  the  same  line  of  vision,  so 
as  to  avoid  any-  change  in  the  amount  of  light  that  enters  the  eye.  There 
is  usually  paralysis  of  accommodation,  but  it  is  said  that  the  ciliary  muscle 
may  be  competent,  and  yet  the  associated  action  of  "the  iris  may  be  lost,  and 
vice  versa.  This  loss  is  less  common  than  is  that  of  reflex  action  ;  it  is  due 
to  the  same  causes  as  cycloplegia. 

(2)  Loss  of  the  Light  Reflex:  Reflex  Iridoplegia. — In  examining  the 
action  of  the  iris  to  light,  care  must  be  taken  to  test  each  eye  separately, 
keeping  the  other  eye  covered.  Light  entering  one  eye  acts  on  both  pupils, 
and  the  contraction  of  each  is  the  result  of  the  total  amount  of  light  that 
enters  both  eyes.  If  one  eye  be  covered  and  the  action  of  the  other  pupil 
noted,  it  will  be  found  to  contract  still  more  when  the  first  eye  is  uncovered. 
A  good  light  is  important ;  a  slight  action,  distinct  on  a  bright  day,  is  often 
imperceptible  in  a  dull  light.  If  artificial  light  is  used  it  is  best  to  make  the 
patient  look  at  an  object  in  a  distant  dark  part  of  the  room,  and  then  bring 
a  light  suddenly  in  front  of  the  eye.  If  the  patient  looks  at  a  near  light,  he 
will  accommodate  for  it,  and  the  pupil  may  then  contract  when  there  is  no 
action  to  light.  Hence,  if  the  light  is  looked  at,  it  must  be  at  least  four 
feet  from  the  patient,  and  should  be  bright.  To  avoid  the  accommodation 
it  is  desirable,  if  a  light  is  brought  in  front  of  the  eye,  that  the  other  eye 
should  be  shielded  from  the  light  but  not  closed,  so  that,  by  continuing  to 
fix  a  distant  object,  accommodation  may  be  kept  relaxed.  Reflection  of 
light  into  the  eye  by  an  ophthalmoscopic  mirror  is  not  a  good  test.  The 
practical  difficulty  of  saying  whether  there  is  or  is  not  a  slight  action  is  often 
very  great. 

The  path  through  which  this  reflex  action  is  produced  is  the  optic  nerve, 
both  optic  tracts,  probably  the  corpora  quadrigemina,  the  anterior  part  of 
the  nucleus  of  the  third  nerve  behind  the  centre  for  accommodation,  proba- 
bly the  second  fasciculus  of  origin  of  the  third  nerve,  its  trunk,  the  ciliary 
ganglion  and  the  ciliary  nerves. 

(3)  Loss  of  the  Skin  Reflex. — The  dilatation  on  cutaneous  stimulation 
occurs  in  most  persons  under  normal  circumstances.  The  skin  of  the  neck 
is  a  convenient  place  for  the  stimulation.  The  faradaic  current,  applied  with 
a  wire  brush,  so  as  to  produce  a  sharp,  painful  sensation,  has  been  usually 
employed,  but  in  most  persons  the  prick  of  a  needle  or  pin,  or  a  quill  point, 
and  even  a  pinch,  is  sufficient.*  The  motor  path  for  this  action  lies  in  the 
cervical  sympathetic,  and  the  fibres  connecting  this  with  the  cord  at  the 
lowest  part  of  the  cervical  region.  The  centre  on  which  it  depends  is  said 
to  be  beneath  the  corpora  quadrigemina,  to  the  outer  side  of  that  for  the 
light  reflex.  If  so,  both  motor  and  sensory  paths  must  traverse  the  cervical 
region  of  the  spinal  cord. 

*  In  some  persons  in  whom  the  reflex  action  is  readily  produced  it  occurs  on  slighter 
cutaneous  impressions.  It  may  occur,  for  instance,  when  the  palm  of  the  hand  is  tickled,  as 
schoolboys  know  who  pretend  to  dilate  the  pupil  by  an  act  of  the  will. 
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Each  reaction  is  lost  when  disease  interrupts  its  path  or  damages  the 
centre  on  which  it  depends.  Thus,  the  light  reflex  is  impaired  or  lost  in 
disease  of  either  the  optic  nerve  (including  the  retina)  or  in  disease  of  the 
trunk  of  the  third  nerve.  Disease  of  one  optic  tract  does  not  lessen  the 
action,  unless  the  light  falls  only  on  the  blind  half  of  the  retina  (see  p.  588), 
no  doubt  because  the  fibres  from  the  most  sensitive  (central)  region  of  each 
retina  pass  by  both  optic  tracts,  and  so  disease  of  one  does  not  abolish  the 
reflex.  So,  too,  the  skin  reflex  is  lost  in  disease  of  the  cervical  sympathetic, 
and  in  some  affections  of  the  cervical  spinal  cord,  especially  in  those  that 
impair  sensibility.  In  any  case  we  infer  the  seat  of  the  disease  from  the 
other  symptoms  that  are  associated  with  the  loss. 

When  the  loss  of  reflex  action  occurs  without  such  accompanying  symp- 
toms, and  is  thus  isolated,  so  far  as  immediate  associations  are  concerned,  it 
is  generally  due  to  disease  of  the  centres,  degenerative  in  character.*  It 
occurs  in  association  with  disease  of  the  spinal  cord,  chiefly  with  locomotor 
ataxy,  in  which  it  is  a  common  and  early  symptom.  The  loss  is  frequent 
also  in  general  paralysis  of  the  insane,  and  is  occasionally  met  with  in  other 
degenerative  diseases  of  less  definite  type.  It  may  occur  also  without  other 
nerve  symptoms.  In  most  of  the  cases  I  have  seen  in  which  it  existed  alone, 
the  patients  had  had  constitutional  syphilis  many  years  before,  and  the  same 
statement  is  true  of  at  least  one  disease  (locomotor  ataxy)  with  which  the 
symptom  is  often  associated. 

The  two  paralyses  are  often,  but  not  always,  conjoined.  There  may  be 
loss  of  reflex  action  to  light,  when  the  pupil  still  dilates  on  stimulation  of 
the  skin.  The  pupils  are  often  small,  reduced  to  two,  one  and  a  half,  or 
one  millimetre  in  diameter.  The  association  of  these  small  pupils  with 
spinal  disease  was  noticed  before  the  more  significant  loss  of  the  light  reflex 
was  discovered,  and  the  condition  was  called  "spinal  myosis."  But  the 
pupils  are  not  always  small  ;  they  may  be  three,  four,  or  five  millimetres  in 
diameter,  although  there  is  no  trace  of  reaction  to  light.  I  think  that  it  will 
generally  be  found  that  when  the  pupils  are  not  small  the  skin  reflex  per- 
sists, and  when  they  are  small  it  is  lost.  The  small  pupils  may  be  the  result 
of  the  loss  of  tone  in  the  radiating  fibres,  accompanying  the  loss  of  the  skin 
reflex.  In  cases  of  disease  of  the  third  nerve,  the  ciliary  muscle  is  paralyzed 
as  well  as  the  iris.  When  the  reflex  loss  is  due  to  central  degeneration,  the 
ciliary  muscle  is  usually  unaffected,  and  the  pupils  contract  during  accom- 
modation. In  some  cases,  however,  there  is  also  cycloplegia.  All  the 
internal  muscles  of  the  eyeball  are  then  paralyzed,  a  condition  to  which  we 
shall  return. 


*  This  has  not  yet  been  demonstrated,  but  hardly  admits  of  doubt,  because  the  loss  of  reflex 
action  occurs  under  the  same  conditions  as  another  affection  to  be  presently  described — pro- 
gressive paralysis  of  the  external  muscles — the  central  and  degenerative  nature  of  which  has 
been  proved. 

The  frequency  of  loss  of  the  light  reflex  without  loss  of  the  associated  action  of  the  iris 
was  first  pointed  out  by  Argyll-Robertson.  The  fact  that  loss  of  reflex  dilatation  is  usually 
associated  with  that  of  reflex  contraction  was  discovered  by  Erb. 
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ASSOCIATED   OCULAR  PALSIES. 

Loss  of  Convergence  and  of  Accommodation. — The  power  of  accommoda- 
tion may  be  lost,  although  the  eyes  can  still  be  converged,  but  in  many 
cases  the  two  actions,  habitually  associated,  are  lost  together.  The  internal 
recti  contract  in  a  normal  manner  in  lateral  movements  of  the  eyes,  but  the 
two  internal  recti  cannot  be  made  to  contract  together.  Doubtless  there  are 
separate  centres  for  the  converging  action  of  the  internal  recti,  as  we  shall 
presently  see  there  are  for  the  action  of  one  with  the  opposite  external  recti 
in  lateral  movements.  The  former  must  be  closely  connected  with  the 
accommodation  centre,  since  we  only  converge  when  we  accommodate.  A 
remarkable  example  of  this  loss  in  a  child  has  been  published  by  Eales.* 
There  was  absolute  loss  of  convergence,  of  accommodation,  and  of  the  asso- 
ciated action  of  the  iris,  while  all  other  movements  of  the  eyes,  and  the 
reflex  action  of  the  pupil,  were  perfect.  The  loss  developed  gradually  with- 
out recognizable  cause,  and,  after  lasting  for  about  a  year,  passed  away. 

Paralysis  of  the  upward  movement  of  the  eyes  has  been  observed  in  cases  of 
central  disease.  It  may  result  from  disease  of  the  posterior  part  of  the  third 
nerve  nuclei,  and  is  then  associated  with  paralysis  of  the  levators  (Kahler 
and  Pick).  When  due  to  a  focal  lesion  it  is  usually  unilateral.  It  is  possible 
that  there  is  also  a  higher  centre,  disease  of  which  may  paralyze  the  upward 
movement  without  the  levator,  since  the  isolated  symptom  may  be  met  with. 
I  have  recorded  one  such  case  in  which  the  symptom  was  well  marked. f 

Paralysis  of  both  upward  and  downward  movements  of  the  eyes,  without 
impairment  of  the  lateral  movements,  has  also  been  observed,  and  is  proba- 
bly due  to  a  lesion  in  the  posterior  part  of  the  third  nerve  nuclei.  The 
paralysis  has  been  bilateral  and  accompanied  with  ptosis.  But  it  has  also 
been  caused  by  disease  of  the  cerebral  hemisphere,  situated  in  the  corpus 
striatum  and  optic  thalamus.  J 

Paralysis  of  Lateral  Movement:  Conjugate  Deviation  of  the  Eyes. — The  con  - 
jugate  deviation  of  the  eyes  toward  the  side  of  a  lesion  in  the  cerebral 
hemisphere,  the  result  of  a  loss  of  the  power  of  moving  them  to  the  other 
side,  has  been  already  described  (p.  512).  The  deviation  in  cerebral  disease 
may  also  be  due  to  spasm,  and  is  then  from  the  side  of  the  lesion.  We 
infer  to  which  of  these  two  mechanisms  it  is  due,  by  the  associated  symptoms 
in  the  limbs. 

*  Trans.  Ophth.  Soc,  iv,  1884,  p.  300,  and  oral  communication. 

t "  Medical  Ophthalmoscopy,''  2d  ed.,  1887,  Case  52,  p.  340.  The  patient  has  died  since 
the  account  of  her  case  was  published.  A  very  small  tumor  was  found  in  the  middle  line 
behind  the  posterior  quadrigeminal  bodies,  damaging  these  slightly,  the  velum,  and  the 
adjacent  part  of  the  inferior  vermiform  process  of  the  cerebellum. 

It  must  be  remembered  that  disease  of  the  nerves  or  their  roots  may  chance  to  affect  only 
the  fibres  for  the  superior  recti.  This  was  apparently  the  case  in  a  patient  with  interpedun- 
cular syphiloma  (Thomsen,  Berlin.  Geselhch.  f.  Psych.,  June  7th,  1886).  One  superior 
rectus  was  more  affected  than  the  other,  a  character  that  is  probably  of  diagnostic  importance. 

%  Wernicke,  Berlin,  kl.  Wochenschr.,  1876,  p.  394,  and  1878,  p.  154-  A  similar  loss, 
associated  with  hemianopia,  was  present  in  a  case  recorded  by  Lang  and  Fitzgerald,  Trans, 
h.  Soc,  vol.  ii,  p.  230. 
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A  lesion  on  one  side  of  the  pons  causes  a  loss  of  the  movement  toward 
the  side  of  the  lesion,  a  conjugate  palsy  of  both  eyes.*  The  seat  of  the  dis- 
ease that  has  this  effect  is  the  tegmental  region  of  the  pons,  at  or  above  the 
nucleus  of  the  sixth, f  and  the  facts  show  that  the  path  for  this  combined 
movement  descends  in  the  same  side  of  the  pons  as  that  toward  which  the 
eyes  are  moved,  and  that  the  movement  is  effected  through  the  nucleus  of 
the  sixth.  The  sixth  nucleus  must,  therefore,  act  on  the  opposite  third 
nucleus  and  internal  rectus,  and  the  path  by  which  the  influence  is  exerted 
is  almost  certainly  the  posterior  horizontal  fibres.  It  has  even  been  thought 
that  through  these  fibres,  those  of  the  third  nerve  for  the  internal  rectus 
actually  arise  from  the  sixth  nucleus  ;  this  assumption  is  opposed  by  many 
facts,  and  it  seems  that  the  horizontal  fibres  merely  connect  the  two  nuclei.  J 

Since  the  movement  is  excited  from  the  opposite  cerebral  hemisphere,  the 
path  must  cross  the  middle  line  above  the  middle  of  the  pons,  and  it  proba- 
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Fig.  265. — Diagram  of  the  mechanism  for  the  associated  lateral  movement. 

Fig.  266  — Diagram  of  probable  relation  of  the  superior  olivary  body  to  the  associated  lateral  movement. 
The  asterisk  in  each  figure  indicates  the  downward  path. 

bly  does  so  at  the  corpora  quadrigemina.  If  so,  the  arrangement  must  be 
that  shown  in  Fig.  265.  We  do  not  know,  however,  whether  the  pons  contains 
merely  the  path  to  the  sixth  nucleus,  or  whether  there  is  a  special  centre  for 
the   movement,    distinct   from   this   nucleus.     The   latter  is   probable  on 


*  Much  attention  has  lately  been  given  to  this  palsy.  The  most  important  writings  on  the 
subject  are  those  of  Broadbent,  Med.  limes  and  Gaz.,  i8"j2,  vol.  i ;  Duval  and  Laborde, 
Journ.  de  I' Anal,  et  Phys.,  i8yg\  Bernhardt,  "Gehirngeschwiilste;  "  Wernicke,  "  Gehirn- 
krankheiten,"  Bd.  i;  Mierzejewski  and  Rosenbach,  Neurolog.  Centralbl.,  jSSj,  p.  363,  and 
Bleuler,  Deut.  Arch.  f.  kl.  Med.,  1886,  Bds.  37  and  38,  in  whose  paper  abstracts  of  most 
writings  on  the  subject  will  be  found. 

f  Very  seldom  below,  and  then  reaching  up  to  the  nucleus.     See  note  on  next  page. 

%  The  evidence  is  that  the  internal  rectus  is  not  always  totally  paralyzed ;  it  has  been 
known  to  act  in  convergence,  although  not  in  the  lateral  movement,  and  that  when  the  sixth 
nucleus  has  been  totally  destroyed  nD  degenerated  fibres  could  be  found  in  the  opposite  third 
nerve. 
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account  of  the  relation  of  the  movement  to  sensory  impressions,  especially 
to  those  of  the  auditory  nerve,  combined  with  the  fact  that  a  movement  of 
the  head  is  often  associated  with  that  of  the  eyes,  so  that  a  connection  of 
the  auditory  nerve  with  the  sixth  nucleus  would  scarcely  suffice.  The  con- 
nections of  the  superior  olivary  body,  according  to  Betcherew,  are  precisely 
those  that  such  a  centre  would  have.  By  some  fibres  of  the  fillet,  which 
degenerate  downward,  this  body  is  connected  with  the  corpora  quadri- 
gemina,  and  fibres  pass  between  it  and  the  sixth  nucleus,  the  auditory 
nuclei,  the  cerebellum,  and  the  lateral  column  of  the  spinal  cord ;  the  last 
may  subserve  the  movement  of  the  head.*  If  this  hypothesis  is  correct,  the 
mechanism  must  be  such  as  is  shown,  in  side  view,  in  the  diagram  of  Fig. 
266.  The  arrow  heads  indicate  the  direction  of  conduction,  and  the  thicker 
lines  indicate  the  path  by  which  the  movement  is  excited  by  the  will. 

According  as  the  disease  does  or  does  not  involve  the  nucleus  of  the  sixth 
nerve,  the  symptoms  present  some  variation.  If  the  disease  is  above  the 
nucleus,  there  is  a  loss. of  the  power  of  moving  both  eyes  beyond  the  mid- 
dle line  toward  the  side  of  the  lesion.  If  they  are  moved  toward  the  other 
side,  they  can  be  moved  back  as  far  as  the  middle  line,  but  no  further.  In 
most  cases  the  other  eye  cannot  be  moved  inward  in  convergence  or  alone, 
but  in  a  few  instances  these  movements  have  been  preserved,  although  the 
inward  movement  associated  with  the  outward  movement  of  the  other  eye 
has  been  lost.  We  do  not  know  the  cause  of  this  difference.  If,  however, 
the  disease  involves  the  nucleus  of  the  sixth  nerve,  there  is  total  palsy  of  the 
external  rectus,  so  that  the  eye  deviates  inward  and  cannot  be  moved  outward, 
even  up  to  the  middle  line.  The  condition  of 
the  other  eye  is  the  same  as  in  the  first  case. 

In  this  condition  the  facial  nerve  is 
usually  paralyzed  as  well  as  the  sixth, 
its  fibres  being  damaged  as  they  course 
round  and  through  the  sixth  nucleus.  An 
instance  of  this  palsy  is  presented  by 
Fig.  267.  The  onset  was  sudden,  and 
slight  hemiplegia  was  present  at  first.  The 
left  sixth  and  facial  nerves  were  com- 
pletely paralyzed ;  the  left  eye  deviated 
inward,  and  no  outward  movement  was 
possible  ;  the  right  eye  could  not  be  moved 
inward  \  the  facial  muscles  presented  the 
reaction  of  degeneration.     If  a  lesion  in 

the  pons  damages  the  fibres  of  the  sixth  cJ^S^^rf^Twt^Z^d fa- 
nerve  away  from  their  nucleus,  the  paralysis 
of  the  external  rectus  is  complete,  but  exists 
alone ;  there  is  no  deficiency  of  movement 

*In  one  recorded  case  the  lesion  was  below  the  level  of  the  sixth  nucleus,  the  lower  end 
of  this  nucleus  being  near  the  highest  part  of  the  lesion.  It  is  probable  that  the  superior 
olivary  body  was  involved.     Senator,  Berl.  Psych.  Gesellsch.,  July  9th,  1883. 


Fig.  267. 


cial  nerves  (with  inability  to  move  the 
right  eye  toward  the  left)  from  an  acute 
lesion  on  the  left  side  of  the  pons.  {From 
a  photograph . ) 
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of  the  opposite  internal  rectus.  The  lesion  that  causes  these  symptoms  may 
be  either  a  chronic  process,  such  as  a,  small  tumor,  or  an  acute  lesion, 
hemorrhage,  or,  more  frequently,  softening.  Other  symptoms  of  disease  on 
one  side  of  the  pons  are  often  present,  especially  in  the  region  of  the  fifth 
nerve  on  the  side  of  the  lesion,  sometimes  in  the  limbs  on  the  opposite 
side. 

Total  Ophthalmoplegia. — Paralysis  of  all  the  muscles  of  both  eyes,  inter- 
nal and  external,  while  theoretically  conceivable  from  disease  at  the  neigh- 
borhood of  the  orbital  fissure  and  optic  foramen  on  each  side,  either  in 
the  orbit  or  within  the  skull,  is  practically  only  met  with  in  cases  of  nuclear 
disease,  and  will  be  described  in  the  account  of  this  variety. 

CAUSES  AND  CAUDAL  VARIETIES. 

Paralysis  of  the  ocular  muscles  may  be  due  to  disease  of  the  nerves  in 
the  orbit  or  at  the  base  of  the  brain,  to  lesions  of  the  fibres  of  origin 
between  the  surface  of  the  brain  and  the  nerve  nuclei,  and  to  disease  of  the 
nuclei  themselves.  A  defect  in  certain  ocular  movements  may  also  be  pro- 
duced by  disease  of  the  cortex  of  the  brain  and  of  the  path  from  the  cortex 
to  the  nuclei,  but  the  loss  that  is  usually  so  produced  is  that  of  the  conjugate 
lateral  movement  of  both  eyes,  already  described  in  the  account  of  hemi- 
plegia, and  slight  ptosis  on  the  side  opposite  to  the  lesion.  It  is  possible, 
however,  that  a  defect  of  upward  or  downward  movement  is  sometimes  due 
to  disease  of  the  hemisphere  (see  p.  609).  Of  the  remaining  lesions  those 
of  the  nuclei  (constituting  the  important  group  of  nuclear  palsies)  will  be 
separately  described. 

The  nerves  in  the  orbit  and  at  the  base  of  the  brain  are  often  damaged 
by  inflammation.  This  may  be  syphilitic  in  either  situation.  In  the  orbit 
the  inflammation  is  sometimes  primary  and  "rheumatic,"  but  is  occasionally 
secondary  to  cellulitis.  Within  the  skull,  primary  simple  inflammation  is 
almost  unknown,  and  neuritis  is  generally  secondary  to  meningitis.  The 
nerves  in  the  orbit  are  damaged  by  pressure  only  in  rare  cases  of  orbital 
growths,  but  within  the  skull  one  of  the  most  common  causes  of  their  disease 
is  compression  by  growths  or  aneurisms.  All  the  nerves  to  one  eye  may  be 
compressed  in  the  wall  of  the  cavernous  sinus  by  an  aneurism  of  the 
internal  carotid  or  by  a  growth  in  this  region,*  and  both  third  nerves  may 
be  damaged  by  an  interpeduncular  growth  or  an  aneurism  of  the  posterior 
cerebral  artery.  The  sixth  nerves  are  especially  liable  to  surfer  from  distant 
pressure  (see  p.  481).  Tumors  of  the  nerves  themselves  are  rare;  neuro- 
mata are  almost  unknown,  but  nodular  syphilitic  growths  sometimes  occur 
and  may  be  symmetrical,  situated,  for  instance,  on  the  two  sixth  nerves  near 
their  origin  (Barlow).  The  fibres  of  origin  suffer  in  their  deep  course  from 
various  lesions  of  the  brain,  hemorrhage,  softening,  tumors,  and  islets  of 
disseminated  sclerosis.     Such  lesions,  involving  the  sixth  or  third  nerve 

*  Many  instances  of  such  palsy  are  on  record.     A  typical  one  is  recorded  by  Nettleship, 
Trans.  Ophth.  Soc,  vol.  i,  p.  186. 
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fibres,  often  also  implicate  the  motor  tract,  and  there  results  hemiplegia 
associated  with  palsy  of  one  of  these  nerves.  In  consequence  of  the  decussa- 
tion of  the  motor  tract  below  the  origin  of  the  nerve,  the  two  symptoms 
are  always  on  the  opposite  sides  (see  p.  515).  Very  rarely  a  small  focus  of 
softening  in  the  crus  may  damage  only  some  of  the  roots  of  the  nerve.* 
Paralysis  of  all  the  ocular  muscles  has  been  caused  by  the  fumes  of  char- 
coal, probably  by  an  action  on  their  nuclei. f 

Diphtheritic  Paralysis. — A  rare  cause  of  palsy  of  the  external  muscles  is 
diphtheria.  The  external  rectus  has  been  occasionally  affected,  and  both 
internal  recti  have  been  weakened  in  association  with  the  loss  of  accommo- 
dation so  common  in  this  disease.  In  one  case  all  the  muscles  supplied  by 
one  third  nerve  were  affected  (Vadelot),  and  in  two  others  there  was  paraly- 
sis of  all  the  external  muscles  of  both  eyes.  J 

Tabetic  Paralysis. — In  locomotor  ataxy  it  is  very  common  for  some  of 
the  ocular  muscles  to  be  weakened.  The  loss  of  power  is  often  transient 
and  then  may  recur  ;  sometimes  it  is  permanent.  Each  form  may  occur  at 
any  stage  of  the  disease,  and  is  sometimes  an  early  symptom.  The  external 
rectus,  or  the  levator  and  superior  rectus  are  the  muscles  most  frequently 
affected;  occasionally  all  the  muscles  supplied  by  the  third  nerve  suffer. 
It  is  generally  on  one  side  only,  but  sometimes  both  eyes  are  affected.  An 
example  of  double  tabetic  ptosis  is  shown  at  p.  295.  We  have  scarcely  any 
evidence  at  present  of  the  cause  of  these  palsies,  but  the  fact  that  total. 
nuclear  palsy  is  sometimes  met  with,  makes  it  probable  that  these  also  are 
sometimes  of  nuclear  origin.  The  peripheral  nerve  degeneration  of  tabes 
has  not  been  found  in  the  ocular  nerves,  and  its  limitation  elsewhere  to  the 
sensory  fibres  renders  its  occurrence  in  these  nerves  improbable.  It  must 
be  remembered  that  many  subjects  of  tabes  have  had  constitutional  syphilis, 
and  that  a  true  syphilitic  ocular  palsy  may  coexist  with  locomotor  ataxy. 

Rheumatic  Paralysis. — Affections  of  the  ocular  muscles  due  to  exposure 
to  cold  are  regarded  as  due  to  rheumatic  neuritis.  They  are  always  one- 
sided, and  commonly  involve  a  single  nerve,  or  a  single  branch,  or  two 
contiguous  branches,  such  as  those  to  the  levator  palpebral  and  superior 
rectus.  Rarely,  all  the  nerves  of  one  orbit  are  involved,  including  the  optic 
nerve  (see  p.  571).  The  onset  of  the  disease  is  often  attended  with  pain 
about  the  orbit.  The  occurrence  of  a  rheumatic  neuritis  does  not  rest  on 
pathological  evidence,  but  is,  nevertheless,  highly  probable.  In  two  of  the 
cases  in  which,  all  the  nerves  of  the  orbit  were  affected  thepatient  had  pre- 
viously suffered  from  facial  neuritis  due  to  cold.  In  one  recorded  case,  in 
which  swelling  of  the  lids  seemed  to  prove  that  the  disease  was  orbital,  the 
internal  muscles  escaped,  on  account,  it  is  supposed,  of  the  more  central 
position  of  their  nerves.  § 

•*  Kahler  and  Pick,  Arch./.  Psych.,  x,  334. 
f  Knapp,  Arch.f.  Augenh.,  ix,  2,  229. 

%  Uhthoff,  Neur.  Centralbl.,  1883,  p.  125,  and  Mendel,  ib.,  p.  128. 
\  Mobius,  Cent./.  Nervenh.,  1886,  p.  516.     The  symptoms  followed  exposure  to  cold. 
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Fig.  268. 


Syphilitic  Paralysis. — From  the  list  of  causes  already  given  it  is  evident 
that  syphilis  may  produce  palsy  of  ocular  muscles  in  several  ways.  The 
nerves  may  be  the  seat  of  isolated  syphilitic  inflammation  or  of  a  gumma; 
they  may  be  involved  in  syphilitic  meningitis  or  compressed  by  a  syphilitic 
growth  outside  them.  They  may  also  be  damaged  by  an  aneurism  of  syphi- 
litic origin.  A  young  man,  a  few  years  after  primary  syphilis,  became 
affected  with  palsy  of  one  third  nerve,  which  did  not  yield  to  anti-syphilitic 
treatment.  After  some  months,  he  was  seized  with  apoplexy  and  died, 
probably  from  the  rupture  of  an  aneurism  of  the  posterior  cerebral  artery. 
Lastly,  syphilis  seems  to  predispose  to  degeneration  of  the  nuclei  of  the 
nerves.  Thus,  the  mere  fact  that  the  paralysis  is  due  to  syphilis  is  only  the 
first  step  in  the  diagnostic  problem  of  the  nature  of  the  disease. 

There  is  one  form  of  paralysis  of  the  third  nerves  which  occurs  in  the 
subjects  of  syphilis  and  deserves  special  description  on  account  of  its  ten- 
dency to  relapse  and  persist.  One  third  nerve  becomes  paralyzed,  improves 
under  treatment,  and  then,  perhaps  while  the  treatment  is  being  continued, 
the  other  third  nerve  suffers,  and  the  affection  of  the  first  returns.  An 
instance  of  the  palsy  is  shown  in  Fig.  268.  Syphilis  was  contracted  four 
years  previously,  but  the  sudden  onset  of  the  palsy  of  the  left  nerve  occurred 

during  a  severe  cold.  The  patient  was  treated 
with  iodide  and  mercury,  but  the  course  of  the 
paralysis  was  that  described  above,  and  the 
permanent  condition  was  that  the  left  eye 
could  only  be  moved  outward  and  a  little  up- 
ward. There  was  extreme  ptosis  of  the  left 
eye  and  slight  ptosis  of  the  right.  The  inter- 
nal muscles  were  also  paralyzed.  In  another 
case,  similar  in  course  but  less  complete,  the 
interval  since  the  syphilis  was  thirty  years. 
The  nature  of  the  lesion  in  these  cases  is  uncer- 
tain. The  course  and  limitation  of  the  symp- 
toms seems  inconsistent  with  nuclear  disease. 

Recurring   or    Periodical   Palsy. — The    last 
variety  to  be  described  is  a  rare  form  of  tran- 
sient palsy,  usually  on  one  side  only,  which 
comes  on  at  intervals  during  many  years.*    It 
Double  ptosis  ficm  paralysis  of  the  third  has  been  miscalled  "relapsing  palsy,"  but  the 
OTtE^ST  OverlctLfof'C:  attacks  are  recurrences,  not  relapses,  and,  in 

most  instances,  have  been  periodical.  Both 
sexes  suffer,  but  women  are  more  subject  to  the 
disease  than  men.  It  often  dates  from  early  childhood,  and  has  been 
known  to  begin  at  eleven  months,  f  at  fifteen  months,J  at  five  years  of  age, 


tales,  greater  on  the  side  of  the  com- 
plete palsy. 


*  Cases  have  been  recorded  in  this  country  by  Saundby,  Lancet,  1882,  ii,  345,  and  1885,  i, 
57,  and  by  Snell,  Trans.  Oph.  Soc,  v,  193. 
f  Mobius,  Neur.  Cent.,  1884,  p.  307.  J  Snell,  loc.  cit. 
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and  later  ;*   it  continues  up  to  at  least  middle  life.    An  attack  may  occur  at 
the  same  time  each  year,  or  at  intervals  of  about  six  months.     A  much 
longer  interval  usually  separates  the  early  attacks.     Sometimes  the  intervals 
have  been  long  and  irregular,  amounting  to  several  years,f  while  in  other 
cases  they  have  been  short,  and  attacks  have  even  occurred  at  each  men- 
strual period.  J    As  a  rule,  the  paroxysm  begins  with  severe  pain  in  the  eye, 
and  often  with  headache  and  vomiting.     These  symptoms  last  two  or  three 
days;  the  palsy  may  accompany  them  or  may  come  on  as  they  lessen.     In 
many  cases  only  the  third  nerve  has  been  affected,  but  in  some  the  external 
rectus  was  also  involved.     The  palsy  may  be  complete  or  incomplete ;  the 
internal  muscles  are  often,  but  not  always,  affected  ;  there  is  usually  ptosis. 
The  loss  of  power  lasts  for  a  few  days  or  weeks  and  then  gradually  passes 
away.      When  the  attacks  are  frequent  they  are  usually  brief.     In  many 
cases  a  slight  defect  of  power  has  persisted  during  the  intervals.     In  one 
case  there  was  concentric  contraction  of  both  fields  of  vision,  greatest  in  the 
paralyzed  eye,  and  varying  in  degree  in  proportion   to  the  motor   palsy 
(Thomsen).     The  attacks  usually  last  for  several  weeks,  from  three  to  eight, 
and,  as  a  general  rule,  when  the  intervals  are  long,  so  are   the  attacks. 
When  the  paroxysms  recur  frequently,  as,  for  instance,  every  month,  they 
last  for  a  few  days  only.     In  several  cases  the  headache  was  unilateral.     In 
those  subject  to  the  disease,  an  attack  has  been  brought  on  by  mental  shock. 
The   nature   of  this   disease  is  mysterious.     It  has  been   compared  to 
migraine,  to  which  it  is,  perhaps,  more  closely  allied  than  to  any  other  disease. 
In  one  case  there  was  a  strong  family  history  of  migraine  (Snell),  but.  the 
long  duration  of  the  attacks,  the  motor  character  of  the  chief  symptoms,  their 
long  duration,  and  the  persistence  of  slight  defect  of  movement,  are  marked 
differences  from  purely  migrainous  and   neuralgic  affections.*     It  has  been 
suggested  that  the  cause  is  organic  disease,  with  periods  of  activity,  but  this 
theory  is  scarcely  tenable.        Vasomotor  disturbance  has,  of  course,  been 
invoked  to  explain  it,  but  this  is  only  putting  the  difficulty  further  back. 
The  only  post-mortem  examination  yet   obtained  does  not  clear  up  the 
mystery.     A  women  died  of  phthisis  at  the  age  of  thirty,  who  had  suffered, 
since  childhood,  from  periodical  attacks  of  palsy  of  the  left  third  nerve. 

*  Thomsen,  Chariti-Annalen,  1883,  p.  562. 

f  Five  to  nine  years  in  a  case  recorded  by  Camuset,  V  Union  Med.,  1876,  p.  906. 

I  Hasner,  Prgg.  Med.  Wochenschr.,  1883,  No.  10. 

\  A  case  recorded  by  Buzzard  ("  Clin.  Led.,''  p.  164)  is,  perhaps,  a  connecting  link  between 
these  cases  and  pure  neuralgias.  A  woman  had  been  subject  for  many  years  to  fortnightly 
paroxysms  of  neuralgia  of  the  first  division  of  the  fifth  nerve,  and  for  two  years  before  she 
came  under  observation  each  attack  was  followed  by  partial  palsy  of  the  third  nerve,  lasting 
for  a  few  days. 

In  a  case  recorded  by  Pfliiger  there  were  periodical  attacks  of  paralysis  of  variable  seat ; 
of  the  left  third  and  facial  nerves  at  eighteen,  of  the  nerves  on  the  right  side  at  twenty,  of 
the  left  third  neive  again  at  twenty-two,  and  six  months  later  of  the  left  sixth  and  facial. 
Each  attack  lasted  from  one  to  two  months,  and  was  preceded  by  pain,  which  before  the  last 
was  about  the  left  mastoid  process. 
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The  nerve  appeared  gray,  and  its  roots  were  surrounded  by  small  gray 
granulations  which  contained  tubercular  bacilli,  which  did  not  extend  into 
the  crus.  Some  fatty  degeneration  was  found  in  the  muscles  supplied  by  it, 
the  other  muscles  being  normal. 

.  NUCLEAR  OCULAR  PALSY. 

Disease  of  the  nuclei,  third,  fourth  and  sixth,  are  frequent  causes  of 
paralysis  of  the  eye  muscles,  internal  and  external.  The  symptoms  vary 
much  according  to  the  position  and  character  of  the  disease.  The  nuclei 
riiay  be  the  seat  of  various  lesions,  acute  and  chronic.  The  isolated  affection  of 
the  sixth  nucleus  has  already  been  considered  in  the  account  of  the  conjugate 
palsy  which  such  disease  produces.  The  nucleus  of  the  fourth  nerve  may  be 
regarded  as  part  of  the  third.  We  have,  therefore,  only  now  to  consider  the 
lesions  of  the  third  nucleus,  together  with  those  of  the  sixth  nucleus,  in  so 
far  as  it  is  associated  with  the  third  in  primary  degeneration.  Some  of  the 
symptoms  of  nuclear  disease  have  already  been  described,  and  need  only  be 
enumerated  here  to  complete  the  account  of  the  subject. 

The  nuclei  of  the  third  nerves  include  centres  for  most  of  the  external  and 
all  the  internal  muscles  and  movements.  Even  the  reflex  dilatation  of  the 
iris  is  said  to  depend  on  a  centre  in  this  nucleus  (although  the  third  nerve 
fibres  are  not  concerned  in  the  action) — a  fact  which  is  not  surprising  when 
we  consider  how  closely  dilatation  and  contraction  are  connected. 

The  third  nuclei  are  occasionally  the  seat  of  hemorrhage,  of  softening, 
and  of  morbid  growths.  They  are  said  to  be  sometimes  the  seat  of  acute 
inflammation,  which  has  been  termed  "  acute  polio-encephalitis  superior."  * 
The  most  frequent  lesion,  however,  is  slow,  progressive  degeneration.  It  is 
this  that  is  the  cause  of  most  forms  of  progressive  ophthalmoplegia,  which  is 
thus  a  synonym  for  nuclear  disease.  It  is,  indeed,  a  more  accurate  term,  for 
we  do  not  yet  know  that  all  cases  which  seem  to  be  nuclear  are  really  so.f 

Acute  Ophthalmoplegia  ;  Acute  Nuclear  Palsy. — Sudden  palsy  of  all  the 
ocular  muscles  occurs  in  some  cases  of  hemorrhage  into  the  region  of  the 
nuclei,  but  the  ocular  symptoms  are  usually  subordinate  to  those  of  apoplexy, 
and  most  cases  are  quickly  fatal.  In  a  few  instances  recovery  has  taken 
place,  and  palsy  of  the  third  nerves  has  usually  remained  partial.  It  is 
probable  that  the  lesion  in  such  cases  has  generally  been  softening  from 
disease  of  the  arteries  supplying  the  nuclei  with  blood.  J      It  has  been  con- 

*By  Wernicke,  in  contradistinction  to  a  similar  affection  of  the  bulbar  »uclei,  which  has 
been  termed  "polio-encephalitis  inferior."  It  is  an  inaccurate  name,  which'ought  not  to 
come  into  use,  because,  if  any  meaning  is  attached  to  it,  it  should  be  that  of  inflammation  of 
the  cortex.  As  a  matter  of  fact,  the  latter  has  been  termed  "  polio  encephalitis,"  and  yet  the 
qualifying  "  superior  "  is  attached  to  a  lower  lesion. 

•)-  An  able  summary  of  present  knowledge  on  the  subject  of  nuclear  palsy  has  been  published 
by  Mauthner*  "  Vortrage,"  Heft  12,  1885. 

J  An  instance  of  such  sudden  palsy  with  apoplexy  is  recorded  by  Sturge,  Trans.  Oph.  Sac, 
vol.  i,  p.  165.  According  to  Heubner  the  anterior  and  posterior  parts  of  the  nucleus  are 
supplied  from  different  arteries,  and  hence  acute  palsy  from  softening  may,  conceivably,  be 
partial. 
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jectured  that  nuclear  extravasations  are  sometimes  caused  by  injury.  The 
cases  of  "polio-encephalitis  superior,"  recorded  by  Wernicke,*  occurred, 
one  after  poisoning  with  sulphuric  acid,  and  two  in  the  subjects  of  chronic 
alcoholism.  There  was  hemorrhagic  softening  of  the  nuclei  and  focal  symp- 
toms consisting  of  associated  palsy  of  the  ocular  muscles,  progressing 
to  total  external  paralysis,  while  the  sphincter  iridis  and  the  levator 
escaped.  There  was  some  optic  neuritis.  But  the  focal  symptoms 
were  obscured  by  those  of  general  cerebral  disturbance ;  somnolence  in- 
creasing to  coma,  and  ending  in  death  at  the  end' of  about  ten  days.  A 
few  other  cases  have  been  recorded  as  acute  nuclear  palsy,  but  the  patients 
recovered,  and  the  nature  of  the  lesion  is  doubtful.  In  one  of  these  cases, 
described  by  Etterjj-  paralysis  of  the  optic  and  bulbar  nerves  was  added  to 
that  of  the  eyeball  muscles ;  the  symptoms  developed  in  the  course  of  three 
days,  and  improvement  commenced  at  the  end  of  a  fortnight.  In  another, 
recorded  by  M6bius,J  paralysis  of  one  side  of  the  face  coexisted,  and  there 
was" difficulty  in  speaking  and  swallowing,  together  with  paralysis  of  the  legs 
and  loss  of  the  knee  jerk.  Whether  acute  multiple  neuritis  ever  involves 
the  ocular  nerves  we  do  not  know ;  the  possibility  that  such  peripheral 
neuritis  may  simulate  central  disease  must  be  borne  in  mind.  Diphtheritic 
palsy  may,  perhaps,  be  added  to  the  list  of  acute  nuclear  palsies ;  it  is  prob- 
able that  the  diphtheritic  cycloplegia  is  of  nuclear  origin,  but  whether  the 
rare  palsy  of  the  ocular  muscles  is  due  to  nuclear  or  peripheral  disease  is 
more  doubtful  (see  Diphtheritic  Paralysis). 

Chronic  Ophthalmoplegia;  Chronic  Nuclear  Paralysis. — The  chronic 
forms  are  of  greater  frequency  and  practical  importance  than  the  acute 
varieties.  Among  them  we  must  include  isolated  loss  of  the  reflex  action 
of  the  iris,  isolated  palsy  of  the  ciliary  muscle,  palsy  of  all  the  internal 
muscles,  of  all  or  most  of  the  external  muscles,  and,  lastly,  of  both  the 
external  and  internal  muscles.  The  external  palsy  was  described  by  v. 
Graefe  under  the  name  "progressive  ophthalmoplegia," §  and  was  carefully 
studied  many  years  later  by  Hutchinson, ||  who  proposed  for  it  the  name 
"external  ophthalmoplegia"  in  distinction  from  the  "internal  ophthalmo- 
plegia" which  he  had  previously  described.^ 

Later  observations  have  shown  that  we  cannot  separate  these  forms  of 
chronic  palsy ;  all  occur  under  similar  conditions ;  they  may  be  variously 
combined,  and  the  dependence  of  one  of  them  on  nuclear  disease  has  been 
conclusively  proved:  Each  form  is  met  with  in  association  with  locomotor 
ataxy;  the  simple  loss  of  reflex  action  is  indeed  present  in  the  majority  of 

*  "  Gehirnkrankheiten,"  ii,  232. 
f  Cor.-Bl.f.  Schweizer.  Aertze,  1882,  p.  769. 
%  Cent,  f.  Nervenh.,  1882,  465. 

\  Arch.f.  Ophth.,  Bd.  ii,  1856,  p.  299.     The  term  "ophthalmoplegia"  was  first  used  by 
Brunner  in  1850. 
||  Med.-Ckir.  Trans  ,  vol.  Ixii,  1879,  p.  307. 
1f  lb.,  vol.  lxi,  1878,  p.  225. 
39  ' 
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cases  of  this  disease.  It  has  been  mentioned  that,  when  this  loss  exists  alone, 
the  subjects  of  it  have  frequently  suffered  from  constitutional  syphilis,  and  the 
same  fact  is  true  of  the  other  forms  of  ophthalmoplegia.*  They  sometimes 
occur,  however,  without  this  antecedent,  and  occasionally  affect  young  per- 
sons. They  are  met  with  more  frequently  in  males  than  in  females,  resembling 
in  this  their  congener,  tabes.  We  cannot,  however,  at  present  draw  any  gen- 
eral etiological  conclusions  from  a  comparison  of  recorded  cases,  because  it 
is  probable  that  some  of  those  that  have  been  regarded  as  examples  of  this 
form  are  not  really  such.  It  is  seldom  that  any  immediate  cause  can  be 
traced ;  in  one  instance  the  symptoms  are  said  to  have  come  on  after  a 
wetting. 

Progressive  nuclear  ophthalmoplegia  begins  with  weakness  of  one  or  more 
of  the  ocular  muscles,  and  often  the  muscles  first  affected  are  those  that  are 
associated  in  action — the  superior  recti  and  levators,  the  two  internal  recti, 
or  the  internal  rectus  on  one  side  and  the  external  rectus  on  the  other. 
Sometimes  the  order  of  affection  is  quite  irregular.  The  loss  of  powef,  at 
first  sight,  slowly  increases ;  often  a  strong  effort  shows  more  power  than  is 
habitually  exerted,  and  the  weakness  may  be  less  in  the  morning  than  in  the 
evening.  The  disease  slowly  extends,  until  at  last,  often  after  several 
years,  only  one  or  two  of  the  muscles  of  both  eyes  retain  power,  and  some- 
times every  muscle  is  paralyzed.  The  levators,  however,  seldom  become 
completely  paralyzed,  and  may  be  unaffected.  The  aspect  of  the  patients  is 
peculiar;  when  there  is  partial  ptosis,  this  gives  them  a  sleepy  expression, 
and  in  total  palsy  without  ptosis,  a  staring  look  results  from  the  immobility 
of  the  eyes,  which  are  fixed  in  mid-position.  Sometimes,  although  rarely, 
they  are  slightly  prominent.  Occasionally  one  eye  is  much  more  affected 
than  the  other ;  on  one  side  there  may  be  total  palsy,  on  the  other  ptosis 
only.  Sometimes  the  palsy  is  unilateral.  The  internal  muscles  are  often 
unaffected  ;  when  this  is  the  case  the  diagnosis  of  nuclear  palsy  can  be  made 
with  confidence,  because  the  escape  of  the  internal  muscles  in  bilateral 
disease  of  the  nerve  trunks  is  scarcely  posssible.  This  feature  was  thought" 
to  be  a  characteristic  of  progressive  ophthalmoplegia  by  von  Graefe,  but  it  is 
not  so ;  the  affection  of  the  external  muscles  may  be  combined  with  loss  of 
reflex  action  of  the  iris,  with  cycloplegia,  or  with  both  as  "  total  ophthalmo- 
plegia." In  the  case  presently  to  be  mentioned,  in  which  the  nature  of  the 
lesion  was  ascertained,  the  internal  muscles  were  affected.  Double  vision 
may  trouble  the  patient  in  the  early  stage  of  the  affection,  but  it  generally 
passes  away  as  the  disease  progresses,  and  is  sometimes  absent  from  the  first, 
perhaps  when  the  early  loss  is  of  associated  movements.  The  duration  of 
the  malady  is  long.     In  one  of  Hutchinson's  cases  the  symptoms  continued 

*  As  in  so  many  of  these  degenerative  diseases,  the  facts  that  can  be  ascertained  probably 
under-represent  the  relation  to  syphilis.  The  case  of  Mr.  Hutchinson,  examined  by  me 
(see  p.  619),  is  an  illustration  of  this.  The  man  persistently  denied  any  venereal  sore  and 
no  trace  or  history  of  syphilitic  disease  could  be  found.  But  some  years  later  a.  child  of 
this  man  was  brought  to  Mr.  Hutchinson,  with  characteristic  notched  teeth  and  interstitial 
keratitis. 


OCULAR    NERVES. 


619 


Fig. 269. 


■"<<£/,&■- 

■f^'i.^% 


for  seventeen  years.  In  one  of  Mauthner's  the  affection  was  limited  to  one 
eye  for  twenty  years.  The  symptoms  may  exist  alone,  but  they  are  more 
frequently  associated  with  indications  of  other  disease  of  the  nervous  system — 
with  optic  nerve  atrophy,  with  affection  of  the  bulbar  nerves  (rarely  amount- 
ing to  typical  bulbar  palsy),  with  progressive  muscular  atrophy,  with  general 
paralysis  of  the  insane,  and  especially  with  locomotor  ataxy.  A  similar 
condition  is,  perhaps,  sometimes  congenital  and  even  hereditary.* 

In  a  case  of  Mr.  Hutchinson's,  in  which  I  examined  the  brain,  the  state 
of  the  nuclei  of  the  ocular  nerves  was  nearly  the  same  as  that  of  the  gray 
matter  of  the  spinal  cord  in  progressive  muscular  atrophy.  The  patient  was 
a  man,  aged  fifty-five,  who  had  had  syphilis.  The  symptoms  began  gradu- 
ally seven  years  before,  with  palsy  of  the  internal  recti  and  ciliary  muscles. 
Ultimately,  all  the  ocular  muscles  became  very  feeble,  the  optic  nerves  atro- 
phied, there  was  mental  excitement,  and  some  palsy  developed  in  the  limbs 
— the  condition  resembling  that  of 
some  forms  of  general  paralysis  of  the 
insane.  The  roots  of  the  ocular 
nerves,  outside  and  inside  the  brain, 
were  gray,  small,  and  contained 
scarcely  any  normal  fibres.  In  their 
nuclei  a  few  nerve  cells  of  normal 
size  were  seen,  but  these  had,  for  the 
most  part,  lost  their  processes,  and  a 
large  number  of  the  cells  were  reduced 
to  small  angular  bodies  or  had  disap- 
peared (Fig.  269).  In  the  interven- 
ing tissue  there  were  many  connective- 
tissue  nuclei.  The  change  involved 
the"  sixth,  fourth,  and  the  whole  of  the 
third  nuclei.  The  other  nerve  roots 
and  nuclei  were  normal.  The  spinal 
cord  was  not  obtained.  Thus,  the 
lesion,  in  a  fairly  characteristic  case, 
was  a  degeneration,  limited  to  struct- 
ures having  a  common  function.  The 
internal  palsies  occur  under  similar  conditions,  and  their  frequent  limitation 
to  a  single  function  in  the  two  eyes  point  to  a  like  change  of  more  restricted 
seat.  It  is  only  by  toxaemic  influences  or  degeneration  that  structures  of 
common  function  are  selected,  as  it  were,  for  isolated  disease.  The  same 
conclusion  may  be  drawn  regarding  such  associated  palsy  as  the  loss  of  con- 
vergence and  accommodation.  But,  as  we  have  already  seen,  the  internal 
loss  may  pass  away,  even  after  it  has  lasted  for  many  months,  and  perhaps 

*Thus  Hirschberg  (Berlin  Geselhch.f.  Psych.,  June  8th,  1885)  has  described  the  case  of 
a  man  with  congenital  double  ptosis  and  paralysis  of  all  the  ocular  muscles,  incomplete  in  the 
superior  oblique  and  the  internal  muscles,  whose  mother  presented  a  similar  condition,  while 
his  son  had  congenital  ptosis  and  paralysis  of  the  superior  recti. 


A,  part  of  sixth  nucleus  in  progressive  ophthalmo- 
plegia ;  B,  cells  of  the  normal  nucleus,  for  com- 
parison. 
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for  more  .than  a  year.  I  have  known  the  light  reflex  to  return,  in  stationary 
tabes,  after  it  had  been  lost  for  at  least  two  years,  and  the  remarkable  case 
of  internal  ophthalmoplegia  recorded  by  Eales  (see  p.  609)  is  an  instance  of 
the  way  in  which  such  a  palsy,  limited  and  complete,  may  pass  away.  It  is 
difficult  to  conceive  that  paralysis  of  such  duration  can  be  of  merely  functional 
origin  ;  it  seems  more  probable  that  it  is  due  to  alterations  in  the  nutrition 
of  the  nerve  elements,  such  as  may  constitute  the  first  stage  of  degeneration, 
but  do  not  proceed  beyond  a  molecular,  recoverable  degree.  The  analogy 
of  the  nutritional  changes  in  diphtheritic  paralysis  may  be  borne  in  mind. 
It  has  been  thought  that  chronic  ophthalmoplegia  may  be  due  to  the  com- 
pression of  the  nuclei  by  distention  of  the  aqueduct  of  Sylvius  in  internal 
hydrocephalus,  but  such  a  mechanism  is  extremely  doubtful.  It  is  certain  that 
in  most  cases  in  which  there  is  extreme  distention  of  the  acqueduct  there  is 
no  ocular  palsy. 

When  there  is  paralysis  of  internal  muscles  in  both  eyes,  or  paralysis  of 
the  external  muscles  without  affection  of  those  within  the  eye,  disease  of  the 
nuclei  can  be  inferred  with  confidence.  The  internal  muscles  never  escape 
in  disease  of  the  nerve  trunks  when  this  paralyzes  many  of  the  external  mus- 
cles. Central  disease  is  also  shown  by  paralysis  of  those  muscles  of  both 
eyes  that  are  associated  in  their  action.  When,  however,  the  internal  and 
external  muscles  of  both  eyes  are  involved,  the  diagnosis  of  nuclear  disease 
can  only  be  made  after  careful  exclusion  of  disease  at  the  base  of  the  brain. 
If  other  nerves  are  implicated,  it  is  still  probable  that  the  palsy  is  nuclear  if 
all  the  symptoms  come  on  gradually,  without  evidence  of  a  compressing 
lesion,  and  under  such  conditions,  or  with  such  associations,  as  suggest  a 
degenerative  lesion.  The  diagnosis  of  acute  nuclear  palsy  rests  chiefly  on 
the  limitation  of  the  symptoms  to  the  range  of  definite  function,  on  the  dis- 
turbance of  contiguous  nuclei,  and  on  the  escape  of  nerves  which,  at  the 
base  of  the  brain,  lie  between  those  that  are  involved.  If  two  nerves  suffer 
whose  nuclei  are  near  together,  and  a  third  escapes  which  lies  between  the 
others  outside  the  brain,  we  may  infer  that  the  disease  is  nuclear,  and  not 
basal. 

OTHER  FORMS  OF  PTOSIS. 

Reflex  Ptosis. — In  very  rare  cases  irritation  of  the  fifth  nerve  has  been 
observed  to  cause  transient  drooping  of  the  eyelid,  which  must  be  referred 
to  inhibition  of  the  centre  for  the  muscle.  A  physiological  connection 
doubtless  underlies  this  effect ;  spasmodic  closure  of  the  lids  frequently 
results  from  irritation  of  the  fifth  nerve ;  for  closure  of  the  lids  there  is 
always  relaxation  of  the  levator  (as  is  shown  by  the  slight  amount  of  orbicular 
contraction  which  will  suffice),  and  hence  irritation  of  the  fifth  nerve  has  a 
tendency  to  cause  relaxation  of  the  levator.  Reflex  ptosis  has  been  observed 
to  follow  division  of  the  fifth  nerve,  no  doubt  from  the  irritation  of  the 
fibres  by  the  section  (Longet).  It  may  follow  the  extraction  of  a  tooth,  as 
the  following  case  shows :  An  upper  right  molar,  decayed  and  causing 
much  pain,  was  extracted  from  a  woman  aged  fifty-five.  The  tooth  was 
firm,  and  the  patient  had  no  anaesthetic.    A  few  hours  afterward  right-sided 
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ptosis  existed,  varied  by  occasional  attacks  of  clonic  spasm  in  the  levator, 
each  lasting  a  few  seconds.  Both  symptoms  continued,  in  slighter  degree, 
on  the  following  day,  and  gradually  improved,  so  that  the  condition  of  the 
eyelid  by  the  fifth  day  was  natural.  On  the  sixth  day  there  was  some  pain 
referred  to  all  the  branches  of  the  fifth  nerve,  but  this  soon  passed  off,  and 
there  was  no  recurrence  of  nervous  symptoms.* 

Ptosis  from  Paralysis  of  the  Sympathetic. — The  unstriated  muscular  fibres 
(fibres  Of  Miiller),  which  exist  in  the  fascia  of  the  orbit,  and  are  innervated 
from  the  sympathetic,  act  indirectly  on  the  tarsal  cartilages,  by  the  connec- 
tion of  these  with  the  fascia.  They  probably  aid  to  a  slight  extent  in 
maintaining  the  upper  lid  in  its  normal  position.  When  the  cervical  sym- 
pathetic is  paralyzed,  the  upper  lid  on  that  side  is  a  little  lower  than  on  the 
other.  Its  movements  are  unimpaired.  Ptosis  from  this  cause  is  distin- 
guished by  the  presence  of  other  symptoms  of  paralysis  of  the  sympathetic, 
such  as  contraction  of  the  pupil,  and  sometimes  dilatation  of  the  vessels  of 
the  surface  or  altered  secretion  of  sweat. 

Congenital  ptosis,  not  due  to  malformation  of  the  lid,  is  usually  bilateral 
and  partial.  It  is  generally  associated  with  defective  power  of  elevation  of 
the  globes,  and  is  probably  due  to  a  congenital  central  defect.  It  may  be 
hereditary  (see  note,  p.  619).'  Slight  double  ptosis  sometimes  runs  in 
families,  and  may  (as  I  have  seen)  affect  chiefly  the  female  members.  It 
may  only  come  on  after  the  time  of  puberty.  The  characteristic  over  action 
of  the  frontal  muscles  causes  the  anxious  aspect  already  mentioned,  and  this 
may  actually  be  more  conspicuous  than  the  slight  drooping  of  the  lids  to 
which  it  is  secondary.-  A  very  similar  double  ptosis  sometimes  comes  on 
after  middle  life  in  neurasthenic  individuals,  especially  women.  In  late  life 
it  is  usually  permanent ;  at  an  earlier  age  it  may  pass  away.  Allied  to  this 
is  a  form  which  may  be  termed  morning  ptosis.  During  sleep  the  levator  is 
relaxed,  and  many  sound  sleepers  find  a  difficulty  in  opening  the  eyes  on 
being  first  roused.  In  weakly  women  this  difficulty  is  sometimes  exag- 
gerated ;  after  waking,  it  may  be  impossible  for  them  to  raise  the  lids  for  ten 
to  thirty-minutes.  During  the  rest  of  the  day  they  have  no  difficulty.  This 
condition  is  usually  recovered  from. 

Hysterical  ptosis  is  occasionally  met  with,  single  or  double.  It  is  generally 
accompanied  by  a  slight  spasm  in  the  orbicularis ;  this  can  readily  be 
proved  by  making  the  patient  look  upward,  when  the  spasm  of  the  orbicu- 
laris becomes  much  greater,  to  prevent  the  lid  from  moving  with  the  eyeball. 
When  double  (Fig.  270)  both  eyelids  droop,  and  the  patient  puts  her  head 
back  when  she  is  told  to  look  up.  If  the  head  is  held  in  the  attempt  to 
look  up,  both  orbiculares  contract,  and  prevent  the  lids  rising.  This 
contraction  of  the  orbiculares  proves  that  there  is  no  true  paralysis  of 
the  levators.  There  is  sometimes  over  action  of  the  frontales  associated 
with  the  ptosis,  as  if  from  a  struggle  to  overcome  the  contraction  of  the 
orbiculares. 

*  Communicated  to  me  by  Mr.  H.  R.  Gooding,  by  whom  the  case  was  observed. 


622  CRANIAL   NERVES. 

Treatment. — The  most  important  element  in  the  treatment  of  paralysis- 
of  the  ocular  muscles  is  that  of  the  morbid  processes 
FlG  27°-  that  -causes  them,  and  this  is  described  elsewhere. 

It  is  only  necessary  here  to  mention  those  measures 
that  the  special  effect  of  the  disease  renders  neces- 
sary. Whenever  the  onset  is  acute  or  subacute,  or  if 
other  symptoms  suggest  inflammation,  counter-irri- 
tation should  be  employed.  A  blister  may  be  placed 
behind  the  ear  or  at  the  occiput  when  the  disease  is 
probably  at  the  base  of  the  brain  ;  on  the  temple,  if 
it  is  in  the  orbit.  The  blister  is  often  followed  by  a 
striking  increase  in  the  power  of  the  affected  muscle. 
In  acute  rheumatic  cases,  hot  fomentations  should  be 
applied  to  the  orbit,  forehead  and  temple,  frequently 
Hysterical  ptosis   bilateral,      repeated.     Leeches  may  be  applied  to  the  temple,  at 

Over-action  of  frontales.  r 

the  onset,  if  the  patient's  general  condition  does 
not  contra-indicate  their  use.  In  syphilitic  cases,  appropriate  remedies 
should  be  freely  employed.  In  most  cases  of  neuritis,  indeed,  whether 
syphilitic  or  not,  mercury  is  probably  the  most  efficient  agent  we  possess. 
Defective  general  health  must  be  corrected  by  tonics,  of  which  iron  and 
strychnia  are  the  most  useful. 

For  nuclear  palsy,  in  syphilitic  subjects,  mercury  and  iodide  have  seemed 
useful  when  the  onset  was  acute  or  subacute.  It  is  probable  that,  in  some 
instances,  these  drugs  have  cured  the  patient,  but  in  other  cases  it  is  doubtful 
whether  the  improvement  has  been  more  than  the  tendency  to  recovery 
which  usually  follows  an  acute  process  that  has  spent  its  force.  In  cases  that 
are  chronic  from  the  beginning,  this  treatment  is  as  powerless  as  it  commonly 
is  in  locomotor  ataxy,  and  the  most  effective  measures  are  those  suited  to 
primary  nerve  degenerations  elsewhere,  arsenic,  quinine,  strychnine,  and 
small  tonic  doses  of  mercury  in  syphilitic  patients.  Strychnine  may  be 
givtn,  with  advantage,  by  hypodermic  injection,  as  in  progressive  muscular 
atrophy  (see  p.  372).  Such  treatment  as  is  here  suggested  appeared  dis- 
tinctly beneficial  in  one  case,  the  sequel  of  which  renders  it  peculiarly 
instructive.  A  gentleman,  aged  forty,  who  had  probably  not  had  syphilis, 
presented  entire  loss  of  the  reflex  action  of  each  iris,  with  large  pupils  ; 
accommodation  was  normal  and  the  iris  contracted  with  it.  There  was  also 
slight  double  ptosis,  weakness  of  both  internal,  of  the  left  superior,  and  of 
the  right  inferior  recti,  and  great  diminution  in  the  right  knee  jerk,  all  of 
gradual  onset  and  from  six  to  eighteen  months'  duration.  At  the  end  of  a 
three  months'  treatment  the  external  ocular  muscles  had  become  normal, 
although  the  reflex  action  was  still  lost,  and  the  right  knee  jerk  had  increased 
to  the  same  degree  as  the  left.  He  continued  without  relapse  for  nearly 
two  years,  and  then  suddenly  presented  the  acute  mental  derangement  of 
general  paralysis  of  the  insane,  from  which  he  quickly  died. 

Recorded  cases  of  the  recurrent  or  periodical  palsy  do  not  show  that  any 
treatment  has  a  marked  influence  on  the  attacks.     Early  counter-irritation 
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probably  affords  most  prospect  of  modifying  their  course,  and  tonic  treatment 
may  be  adopted  before  an  expected  attack.  In  cases  in  which  the  attacks 
recur  frequently,  the  treatment  adopted  should  be  that  for  migraine. 

Direct  Treatment. — Electricity  has  been  recommended  and  employed  in 
the  treatment  of  these  paralyses,  but  its  influence  is  not  great.  Direct 
application  to  the  affected  muscle  is  scarcely  practicable.  It  has,  indeed 
been  carried  out  by  a  very  small  electrode,  or  by  a  wet  camel-hair  brush  in 
the  centre  of  which  is  a  conducting  wire.  The  extreme  sensitiveness  of  the 
conjunctiva  renders  the  application  most  painful,  and  although  the  pain  may 
be  lessened  by  cocain,  the  application  of  a  voltaic  current,  sufficiently  strong 
to  stimulate  the  muscle,  in  such  proximity  to  the  retina  and  on  such  a 
delicate  structure  as  the  conjunctiva,  is  scarcely  safe.  In  most  ocular  palsies 
the  muscles  do  not  respond  to  faradization.  The  voltaic  current  may  be 
applied  through  the  eyelid,  in  the  case  of  a  superior  or  inferior  muscle,  the 
eye  being  turned  in  the  opposite  direction.  The  considerable  diffusive 
power  of  this  current  makes  it  probable  that  the  electricity  would  reach  the 
muscle,  although  even  thus  a  current  cannot  be  safely  used  of  sufficient 
strength  to  produce  evidence  of  stimulation.  The  application  of  a  faradaic 
current  through  the  eyelid  is  useless,  even  if  the  muscle  would  respond  to 
it,  because  a  thin  layer  of  contractile  muscle  prevents  any  stimulation  of  the 
subjacent  tissues.  For  these  reasons,  most  authorities  are  agreed  in  depre- 
cating any  direct  application.  A  method  of  indirect  electrization  has  been 
recommended  (by  Benedikt  and  others)  which  consists  in  placing  one  pole 
(anode)  on  the  forehead,  the  other  (kathode)  on  the  margin  of  the  orbit 
near  the  affected  muscle.  If  the  faradaic  current  is  employed,  the  orbital 
pole  is  kept  still ;  if  the  voltaic  current  is  used,  this  pole  is  stroked  along 
the  skin,  or  the  circuit  is  alternately  made  and  broken  by  an  interrupter. 
A  slight  increase  of  power  in  the  muscle  may  be  observed  after  the  current 
has  been  so  applied  for  a  few  minutes,  but  it  quickly  passes  off,  and  in  cases 
free  from  sources  of  fallacy  I  have  never  been  able  to  trace  any  permanent 
effect.  It  is  true  that  works  on  electro-therapeutics  contain  cases  in  which 
improvement  or  cure  was  ascribed  to  this  agent,  but  in  most  instances  the 
authors  have  ignored  the  tendency  to  spontaneous  improvement  in  recent 
cases,  and  the  influence  of  drugs,. as  iodide  of  potassium,  which  were  given 
at  the  same  time  in  many  instances. 

The  diplopia  due  to  partial  paralysis  of  a  muscle  may  be  removed  by  the 
use  of  a  prism.  One  strong  enough  to  completely  fuse  the  images  is  unde- 
sirable, because  it  tends  to  prevent  the  strengthening  influence  of  effort.  A 
weak  prism,  strong  enough  so  to  approximate  the  images  as  to  permit  their 
fusion  by  muscular  action,  sometimes  does  good.  It  may  be  used  for  an 
hour  daily  as  a  gymnastic  exercise.  The  giddiness  due  to  erroneous  projec- 
tion can  only  be  removed  by  putting  the  eye  out  of  action  by  an  opaque 
glass ;  this  glass  may  be  in  a  pair  of  spectacles,  the  other  glass  being  merely 
tinted ;  the  opacity  is  then  inconspicuous  to  an  observer.  But  this  has  the 
same  disadvantage  of  withdrawing  the  stimulus  of  exertion.     An  opaque 
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glass  over  the  sound  eye  is  useless  for  the  vertigo,  and  increases  the  amount 
of  the  secondary  deviation. 

Operative  interference  can  do  little  in  cases  of  ocular  palsy.  The  only 
condition  in  which  it  is  admissible  is  that  in  which  antagonistic  contracture 
has  been  developed,  and  the  paralyzed  muscle  has  regained  power,  but  can- 
not overcome  the  opposing  contracture.  In  such  a  case  the  tendon  of  the 
contractured  muscle  may  be  divided,  without  disturbing  its  other  connec- 
tions ;  it  forms  a  fresh  attachment  a  few  millimetres  further  back,  and  the 
result  on  the  movement  of  the  eye  is  often  very  satisfactory. 

The  treatment  of  paralytic  ptosis  is  that  of  disease  of  the  third  nerve.  The 
muscle  itself  is  not  accessible  to  electrical  stimulation.  In  the  double  ptosis 
of  nervous  debility,  nervine  tonics,  quinine  and  strychnia,  are  useful,  and 
their  influence  is  aided  by  local  treatment,  which  stimulates  the  fifth  nerve, 
and  so  produces  a  reflex  action  on  the  centre  of  the  levator.  Electricity 
may  be  used,  either  the  voltaic  or  induced  current,  applied  to  the  skin  about 
the  orbit,  but  a  stimulating  liniment  which  stings  the  skin  (as  chloroform 
liniment  on  spongiopiline)  usually  answers  as  well.  The  morning  ptosis 
can  always  be  quickly  relieved  in  this  manner.  The  hysterical  ptosis  is 
often  a  very  obstinate  affection.  Blisters  to  the  temple,  faradaism,  and  (in 
the  unilateral  form)  tying  up  the  other  eye,  are  the  most  efficient  means, 
and  usually  in  time  remove  the  symptoms. 

SPASM  OF  THE  OCULAR  MUSCLES. 

The  varieties  of  spasm  of  the  ocular  muscles  are  numerous,  but  only  a  few 
are  of  medical  significance.  Two  classes  may  be  dismissed  with  a  mere 
mention,  (i)  Those  that  are  connected  with  disorder  of  the  ocular  visual 
process,  as  the  convergent  strabismus  of  hypermetropia,  the  divergence  of 
myopia,  the  adaptive  deviation  that  occurs  when  there  is  partial  opacity  of 
the  media,  and  the  irregular  position  that  often  accompanies  absence  of 
sight.  (2)  The  secondary  deviation  in  one  eye,  consequent  on  palsy  of  a 
muscle  of  the  other  eye,  and  the  antagonistic  contracture  in  the  same  eye. 
The  second  class  has  been  already  described  ;  those  of  the  first  do  not  come 
within  the  scope  of  this  work.  Of  the  remaining  forms,  one  of  great  impor- 
tance— nystagmus — will  be  separately  described.  The  remainder  may  be 
grouped  into  five  classes. 

(1)  Associated  Spasm  from  Central  Disease.— In  a  paralyzing  lesion  of 
one  hemisphere,  the  eyes  deviate  toward  this  side,  but  the  deviation  is 
merely  the  unopposed  influence  of  the  opposite  hemisphere.  An  irritating 
lesion  of  one  hemisphere  causes  conjugate  deviation  toward  the  opposite 
side,  which  is  the  result  of  spasm  ;  this  occurs  at  the  onset  of  unilateral  con- 
vulsions, and  in  association  with  muscular  rigidity  of  the  corresponding 
limbs.  In  one  interesting  case,  deviation  to  the  right  was,  during  four 
months,  a  persistent  symptom  of  a  depressed  fracture  below  the  left  parietal 
eminence,  and  it  ceased  when  the  depressed  bone  was  raised  by  trephining.* 


'<  Thompson,  Brain,  April,  1883,  p.  99,     It  may  be  noted  that  the  fracture  was  behind  the 
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Since  a  lesion  in  one  side  of  the  pons  causes  a  loss  of  the  conjugate 
movement  toward  the  side  of  the  lesion,  irritating  disease  may  be  expected 
to  cause  spasmodic  deviation  toward  that  side,  but  such  spasm  is  seldom 
observed.  An  acute  lesion,  which  causes  the  conjugate  paralysis,  may,  how- 
ever, produce  a  distinctly  spasmodic  deviation  toward  the  opposite  side, 
apparently  by  an  indirect  influence  on  the  corresponding  centre  of  the 
other  side  of  the  pons.* 

(2)  Irregular  Spasm  from  Brain  Disease. — In  irritating  diseases  of  the 
base  of  the  brain,  especially  in  meningitis,  spasm  occurs  in  one  or  more  of 
the  ocular  muscles,  causing  slight  irregular  deviations  of  the  visual  axes.  It 
is  comparable  to  the  rigidity  that  occurs  in  the  limbs,  and  may  vary  in  seat 
and  degree  from  time  to  time.  It  is  probably  due  to  irritation  of  the  motor 
nerve  trunks.  Care  must  be  taken  not  to  mistake  for  spasm  the  deviation 
from  loss  of  power  which  is  so  common  from  the  same  cause.  In  spasm 
there  is  deviation  when  the  eyes  are  at  rest,  in  the  mid-position  ;  in  recent 
paralysis  there  is  not.  It  must  be  remembered  that  paralysis  and  spasm  are 
often  conjoined.  Such  irregular  spasm  is,  as  a  rule,  tonic.  Slight  irregular 
spasm  of  the  ocular  muscles  sometimes  occurs  in  chorea.  It  is  rarely 
sufficient  to  be  seen,  but  causes  transient  diplopia,  which  may  be  thought  to 
indicate  organic  brain  disease,  if  the  dependence  on  chorea  is  not  known. 

(3)  Chronic  spasm  in  individual  muscles  is  extremely  rare,  apart  from  the 
secondary  deviation  already  described.  In  the  best-marked  cases  the  spasm 
has  not  been  continuous,  but  has  occurred  on  certain  movements  of  the  eyes, 
sometimes  with  pain.  Thus,  of  two  cases  recorded  by  Hock,f  in  one,  as 
soon  as  an  object  was  moved  to  the  right  of  the  middle  line,  spasmodic  con- 
traction occurred  in  the  right  internal  rectus  (with  great  pain)  bringing  the 
eye  into  extreme  adduction,  and  as  soon  as  the  object  was  moved  to  the  left 
beyond  the  middle  line  the  spasm  relaxed,  and  the  right  eye  moved  out- 
ward into  the  fixing  position.  In  the  other  case  there  was  slight  weakness 
of  the  right  internal  rectus,  and  as  soon  as  the  object  was  moved  to  the  left 
of  the  middle  line,  spasm  in  the  left  external  rectus  moved  the  eye  into 
extreme  abduction.  The  spasm  thus  affected  the  muscle  that  would  be  the 
seat  of  secondary  deviation,  but  was  distinguished  from  this  by  its  extreme 
degree.  This  case  is  interesting  because  the  spasm  occurred  with  slight  left 
hemiplegia,  and,  from  some  accompanying  disturbance  of  taste,  may  have 
been  due  to  disease  in  the  upper  part  of  the  pons.  Sometimes  two  muscles 
acting  together  are  involved  in  the  spasm,  as,  in  one  case,  the  superior 
oblique  and  inferior  rectus  (Stilling). 

(4)  Hysterical  Spasm. — In    hysterical   fits  the  eyes  are  usually  directed 

region  in  which  experiment  places  the  centres  for  the  lateral  movement,  which  is  in  front  of 
the  central  convolutions  (see  p.  456). 

*As  in  a  case  I  have  recorded  of  acute  ansemia  of  the  right  half  of  the  pons,  which  caused 
deviation  of  the  eyes  to  the  left,  increased  from  time  to  time  with  violent  nystagmus. 
(Trans.  Ophth.  Soc,  1884,  p.  308.) 

\Wiener  Klinik,  April,  1876,  p.  116. 
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either  upward  and  to  one  side,  often  so  as  to  almost  entirely  conceal  the 
cornea,  or  they  are  directed  inward  in  strong  convergence.  They  never 
diverge.  Sometimes  the  convergence  persists  during  the  intervals,  and  is 
usually  associated  with  spasm  of  accommodation. 

(5)  Paroxysmal  Spasm. — In  convulsive  attacks  in  which  the  convulsion 
is  unequal  on  the  two  sides,  the  eyes  constantly  deviate  (with  the  head) 
toward  the  side  most  convulsed,  and  if  the  second  side  is  affected  in  greater 
degree  after  the  first,  the  eyes  subsequently  deviate  toward  that  side.  When 
the  fit  is  over  there  may  also  be  a  deviation  from  the  side  most  convulsed. 
But  cases  are  occasionally  met  with  in  which  a  single  muscle  is  the  seat  of 
paroxysmal  brief  spasm,  resembling  in  miniature  an  epileptoid  seizure,  and 
sometimes  attended  with  transient  obscuration  of  consciousness.  During 
the  attack  there  is  diplopia  and  often  giddiness  from  the  erroneous  projec- 
tion. Clonic,  spasm  in  the  obicularis  may  occur  at  the  same  time.  Such 
attacks,  for  instance,  occurred  in  a  man  aged  forty-seven  ;  there  was  very 
slight  permanent  defect  of  power  in  the  left  external  and  both  internal  recti. 
Occasionally,  without  any  exciting  movement  of  the  eye,  tonic  spasm  in 
the  external  rectus  would  draw  the  left  eye  strongly  outward  for  about  thirty 
seconds.  During  this  time  there  was  constant  winking  with  both  eyelids, 
which  seemed  to  the  patient  to  be  due  to  an  effort  to  get  the  eye  right,  but 
could  not  be  prevented.  The  deviation  suddenly  ceased,  but  for  a  few 
minutes  afterward  the  left  eyelid  was  about  one-twelfth  of  an  inch  lower  than 
the  other,  and  then  both  were  alike.  There  was  no  history  of  venereal 
disease,  and  syphilis  was,  for  other  reasons,  very  improbable. 

Another  patient,  aged  thirty-six,  also  without  history  of  syphilis,  suffered 
from  frequent  attacks  (lasting  only  a  few  seconds),  two  of  which  I  witnessed. 
There  was  a  sudden  sensation  of  heat,  spreading  from  the  left  inner  can  thus 
and  extending  over  the  eye  and  temple,  accompanied  with  impairment  of 
sight  of  both  eyes,  varying  from  slight  dimness  to  absolute  loss  of  sight,  and 
with  abduction  of  the  left  eye  from  mid-position  to  about  half-way  to  the 
outer  canthus,  the  right  eye  being  still.  If  walking,  he  deviated  to  the  left 
during  the  attack,  probably  from  erroneous  projection  of  the  left  field.  In 
the  intervals,  movements  of  the  eyes  were  perfectly  normal.  The  attacks 
consisted  of  tonic  and  then  clonic  spasm,  and  resembled  perfectly  miniature 
epileptic  convulsions.  Some  years  latter  this  spasm  had  ceased,  but  the 
patient  presented  complete  internal  and  partial  external  ophthalmoplegia, 
clearly  due  to  nuclear  degeneration. 

NYSTAGMUS. 

Rhythmical  movements  of  the  eyes,  involuntary,  frequent,  usually  bilateral 
and  similar  in  each  eye,  produced  by  alternating  contractions  in  opposing 
muscles,  are  termed  "nystagmus."  The  conditions  under  which  this 
symptom  occurs  are  many  and  various.  They  may  be  roughly  divided  into 
four  classes : — 

(j).  Local  affections  of  the  eyes  which  interfere  with  sight,  but  have  no 
other  character  in  common — opacities  of  cornea  or  lens,  and  inflammations. 
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or  degenerations  of  retina  and  choroid.  It  scarcely  ever  results  from  sim- 
ple errors  of  refraction,  however  considerable.  These  eye  diseases  cause 
nystagmus  chiefly  when  they  occur  in  infancy  or  early  childhood.  Never- 
theless, it  is  doubtful  whether  nystagmus  results  from  blindness  which  is 
actually  congenital,  although  slowly-rolling  movements  of  the  eyes  are 
observed  in  such  cases.  In  adult  life  ocular  disease  alone  rarely  causes  nystag- 
mus, but  it  certainly  aids  the  development  of  nystagmus  due  to  other  causes. 

(2)  In  albinism  this  condition  is  very  common. 

(3)  It  occurs  in  miners,  chiefly  in  those  who  work  in  coal  mines  and  who 
use  the  pick  in  a  stooping  or  lying  posture.  It  is  also  far  more  frequent 
where  the  dim  safety-lamp  is  used,  than  in  mines  which  can  be  worked  with 
brighter  naked  lights. 

(4)  It  occurs  in  diseases  of  the  nervous  system  of  the  most  varied  seat  and 
character.  It  is  usually  present  in  disseminated  sclerosis  and  in  hereditary 
ataxy,  but  not  in  ordinary  locomotor  ataxy.  In  other  diseases  attended 
with  tremor  it  is  rare.  In  paralysis  agitans  it  is  never  met  with,  a  curious 
fact,  considering  how  closely  the  alternating  movement  of  nystagmus  resem- 
bles that  of  shaking  palsy.  It  occurs  in  many  diseases  of  the  brain,  diffuse 
and  focal  ;*  meningitis,  meningeal  hemorrhage,  thrombosis  in  sinuses,  and 
in  cases  of  tumor,  hemorrhage,  and  softening  in  various  situations.  It  is 
especially  common  in  tumors  of  the  cerebellum,  and  I  have  also  known  it  to 
occur  in  disease  of  one  side  of  the  pons  ;  the  quick  movement  was  from  the 
side  of  the  lesion  and  there  was  associated  palsy  of  the  lateral  movement 
toward  the  other  side.  Nystagmus  often  occurs  in  cases  of  degenerative 
disease  of  the  spinal  cord  and  brain,  in  which  there  is  no  evidence  of  a  focal 
lesion. 

The  movement  is  usually  bilateral ;  very  rarely  it  affects  one  eye  only. 
Horizontal  (lateral)  movement  is  the  most  common  ;  next  a  rotary  motion  ; 
vertical  movement  is  the  least  frequent,  but  one-sided  nystagmus  is  said  to 
be  generally  vertical.  The  extent  of  the  movement  varies  from  one  to  ten 
millimetres  ;  from  two  to  four  millimetres  is  the  common  range.  Occasion- 
ally, when  it  is  too  slight  to  be  seen  with  the  naked  eye,  it  may  be  observed 
with  the  ophthalmoscope  when  the  fundus  is  examined.  The  frequency  is 
usually  from  60  to  200  separate  movements  (J.  e.,  in  the  same  direction)  per 
minute;  rarely  itis slower  than  60;  occasionally  it  is  too  frequent  to  be  counted. 
The  rhythm  is  usually  regular  ;  in  some  cases  there  are  slight  variations  in 
frequency  from  time  to  time.  If  there  is  slow  nystagmus  when  the  eyes  are 
at  rest,  the  oscillations  often  become  more  frequent  when  the  eyes  are 
moved.  The  alternating  movements  are  not  equally  quick ;  there  is  a  sud- 
den rapid  movement  in  one  direction  and  slow  return.  In  describing  nys- 
tagmus, it  is  said  to  be'  to  the  side  toward  which  the  movement  is  most 
rapid.  In  many  cases  the  quick  movement  is  in  the  direction  in  which 
the  nystagmus  is  most  energetic  on  voluntary  movement. 

*  I  am  inclined  to  think  that  it  is  more  common  in  organic  brain  disease  when  there  is 
impairment  of  sight  from  optic  neuritis,  etc.,  than  when  there  is  not. 
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The  symptom  may  be  constant,  or  it  may  occur  only  when  the  eyes  are 
directed  in  a  certain  direction,  sideways,  upward  or  downward.  Very 
rarely  there  is  a  slight  movement  of  the  head,  corresponding  to  that  of  the 
eyes  in  time  and  in  direction,  or  in  the  opposite  direction  to  that  of  the 
eyes.*  All  forms  cease  during  sleep.  In  cases  that  date  from  infancy  the 
patient  is  never  conscious  of  the  movement,  nor  is  there  any  apparent  move- 
ment of  objects  ;  in  cases  which  commence  in  later  life  there  sometimes  is 
an  apparent  movement  of  objects  ;  more  frequently  there  is  not.  The  appar- 
ent movement  of  objects  is  generally  in  the  direction  of  the  quick,  move- 
ment of  the  nystagmus.  Rarely,  there  is  a  movement  of  the  upper  lid 
synchronous  with  that  of  the  eye ;  this  association  occurs  chiefly  when  the 
nystagmus  is  vertical,  but  I  have  seen  it  once  when  the  movement  was  hori- 
zontal. In  vertical  nystagmus  there  is  often  a  slight  movement  of  the  lid, 
communicated  to  it  from  the  eye ;  from  this,  the  actual  spasm  of  the  lid 
must  be  carefully  distinguished. 

The  nystagmus  of  miners  presents  considerable  variations  in  different 
cases.  Any  form  of  movement  may  be  met  with,  and  it  may  occur  in  all  or 
only  in  one  position  of  the  eyes.  It  may  occur  only  in  the  recumbent  pos- 
ture, such  as  the  miner  assumes  in  his  work,  and  may  cease  when  he  is 
upright.f 

The  physiological  pathology  of  nystagmus  is  still,  to  a  large  extent, 
obscure.  The  perfect  bilateral  symmetry  of  the  movement,  conspicuous  in 
the  vast  majority  of  cases,  indicates  its  central  origin,  and  is  opposed  to  the 
simple,  but  inadequate,  explanations  which  ascribe  it  to  muscular  fatigue. 
Why  the  steady  tonic  contraction  of  health  should  be  broken  into  clonic 
contraction,  no  one  has  yet  been  able  to  say.  But  the  physiological  asso- 
ciations of  the  ocular  movements  enable  us  to  understand  something  of  the 
influences  that  produce  it.  We  may  take  as  the  simplest  form  that  in  which 
the  movement  is  lateral.  For  lateral  movement  of  the  eyes,  there  is  a  sepa- 
rate centre  in  the  pons  on  the  side  toward  which  the  movement  takes 
place.  From  this  the  spasm  of  lateral  nystagmus  must  be  directly  produced. 
Each  voluntary  movement  necessitates  a  relative  degree  of  relaxation  of  the 
antagonists  and  the'ir  subsequent  contraction  to  bring  the  eyes  back  to  the 
middle  line. J  Hence,  there  must  be  a  mutual  connection  between  the 
functional  states  of  the  antagonistic  centres,  and  this  probably  underlies  the 
alternation  of  movement  in  nystagmus. 


*  In  a  case  lately  under  my  care,  with  symptoms  of  cerebellar  tumor  and  lateral  nystag- 
mus, the  pharynx  and  larynx  were  the  seat  of  similar  movement ;  that  in  the  pharynx  was 
horizontal,  toward  the  middle  line  ;  in  the  larynx  there  was  a  similar  lateral  movement  of  the 
arytenoid  cartilages.  The  rate  of  the  movement  was  the  same  as  in  the  ocular  muscles,  180 
per  minute  (Spencer,  Lancet,  1886,  vol.  ii,  p.  702). 

t  See  Snell,  Trans.  Ophth.  Soc,  vol.  iv,  p.  315. 

X  That  mere  elasticity  brings  the  eyes  back  seems  improbable  from  what  we  know  of  the 
related  contraction  of  antagonists  elsewhere.  Moreover,  any  such  action  depends  on  mus- 
cular tone,  and  is  absent  in  the  atonic  palsy  of  total  nerve  disease. 
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The  centres  are  influenced  by  centripetal  influences  as  well  as  by  the 
will.  They  are  influenced  by  visual  impressions  to  a  degree  which  we  can 
only  discern  indirectly  (since  the  process  does  enter  into  the  region  of  con- 
sciousness) by  considering  how  accurately,  and  yet  how  easily,  we  can  follow 
with  the  eye  a  swiftly  moving  object.*  The  newly-born  child  never  "  fixes" 
an  object,  never  follows  a  light,  however  brilliant.  Not  until  later  is  there 
established  the  functional  control  of  the  motor  centres  by  the  visual  impres- 
sion. Hence,  it  is  intelligible  that  if  this  visual  control  is  partially,  but  not 
perfectly,  established  (in  consequence  of  early  ocular  disease)  the  action  of 
the  motor  centres  should  be  abnormal.  Hence,  too,  we  can  understand  that 
imperfect  ocular  guidance  (as  the  bad  light  of  the  safety-lamp)  may  aid 
other  causes  in  developing  derangement  in  later  life.  In  albinism  the  early 
visual  impressions  may  err  on  the  side  of  painful  and  disturbing  excess,  from 
the  absence  of  the  pigment  of  the  eye. 

Again,  the  ocular  motor  centres  must  be  acted  on  by,  as  they  certainly 
act  on,  the  equilibrial  centres.  These  are  guided  by  the  innervation  of  the 
eyeball  muscles.  Thus,  these  muscles  will  be  brought,  indirectly,  under  the 
influence  of  the  semicircular  canals.  Nystagmus  can  be  induced  in  health 
by  rotation  of  the  body  (Donders)  ;  quick  movements  of  the  eyes  occur  in 
the  direction  in  which  the  body  has  rotated,  and  there  is  a  slower  return. 
Thus,  the  quick  movements  occur  toward  the  side  on  which  the  horizontal 
semicircular  canal  has  been  subjected  to  increased  pressure  by  the  rotation. 
In  chronic  otitis,  pressure  on  the  ear  has  been  observed  to  cause  a  nystag- 
mus precisely  similar,  ceasing  with  the  pressure. f  In  the  nystagmus  of 
miners,  which  may  occur  only  in  the  recumbent  posture,  we  may  trace  an 
influence  of  the  equilibrial  centre  (and  probably  of  the  canal  impressions) 
on  the  centre  for  the  movement  of  the  eyes. 

The  wide  variation  in  the  position  of  organic  disease  that  may  cause  nys- 
tagmus is  scarcely  surprising  when  we  consider  how  wide  and  various  must 
be  the  total  connections  of  the  functions  of  vision,  of  movement  of  the  eyes, 
and  of  the  maintenance  of  equilibrium  ;  and  that' we  can  trace  a  connec- 
tion between  nystagmus  and  the  derangement  of  each  of  these.  Hence, 
some  forms  of  nystagmus  seem  to  be  closely  connected  with  vertigo.     The 


*I  recorded  some  years  ago  (Brain,  vol.  ii)  a  case  in  which  the  reflex  fixation  of  the 
eyes  was  brought  into  salience  by  disease.  If  the  patient,  looking  at  one  object,  was  told  to 
look  at  another  at  some  lateral  distance  from  the  first,  his  head  was  instantly  turned  in  the 
direction  of  the  second  object,  but  the  eyes  remained  fixed  on  the  first  by  a  movement  as 
rapid  as  that  of  the  head,  but  in  the  opposite  direction,  and  then  they  were  slowly  moved 
into  the  position  corresponding  to  the  second  object.  The  patient  was  in  the  last  stage  of 
progressive  muscular  atrophy. 

fSchwalbach,  Hughlings  Jackson,  Pfliiger  (attempt  to  extract  a  polypus).  Movements 
are  also  related  to  true  auditory  impressions,  at  least  in  so  far  as  rhythm  is  concerned,  as 
musical  "  marches  "  illustrate.  In  peculiar  hysteroid  states,  Hogyes  has  found  that  nystag- 
mus could  be  produced  by  bringing  a  vibrating  tuning  fork  near  the  ear,  and  that  the  move- 
ments varied  with  the  rapidity  of  the  vibrations.  He  was  a'so  able  to  cause  nystagmus  by 
other  sensory  impressions  (Orvosi-Helilap,  1886,  and  Cent./.  Nervenh.,  p.- 526). 


630  CRANIAL   NERVES. 

manner  in  which  nystagmus  is  produced  by  such  varied  disease  suggests  that 
its  immediate  pathological  mechanism  must  be  some  tendency  inherent  in 
the  centres  concerned.  It  is  possible  that  these  centres  have  a  tendency  to 
rhythmical  or  intermittent  action,  which  is  normally  counteracted,  and  that 
the  counteracting  influence  is  readily  deranged.  The  subject  needs  far  more 
systematic  study  than  it  has  yet  received. 

The  practical  significance  of  nystagmus  in  diagnosis  is  extremely  great, 
not  from  its  localizing  value,  but  because  it  shows  the  presence  of  more  than 
merely  functional  disease.  It  is  often  marked  at  the  early  stage  of  degen- 
erative disease,  when  other  symptoms  are  equivocal. 

Spasm  of  the  levator  is  very  rare.  It  is  usually  due  to  some  irritation  in 
the  region  of  the  fifth  nerve.  Late  in  life  it  may  come  on  as  an  independ- 
ent affection,  analogous  to  other  muscular  spasms,  as  torticollis  and  facial 
spasm.  The  contraction  is  usually  tonic,  an  excessive  degree  of  the  normal 
tonic  contraction  of  the  levator,  and  the  muscle  is  imperfectly  relaxed  when 
the  eye  is  directed  downward  or  the  lids  are  closed.  Hence,  the  eyelid  is  a 
little  higher  than  the  other  when  the  eyes  are  directed  straight  forward  ;  and 
on  looking  down  the  lid  does  not  descend,  so  that  a  wide  extent  of  sclerotic 
is  exposed  above  the  cornea.  When  the  lids  are  closed,  the  upper  lid  is 
brought  down  by  the  orbicularis,  but  not  to  the  same  extent  as  on  the  other 
side,  and  hence  the  lids  are  not  brought  quite  together.  The  exposure  of 
the  sclerotic  above  the  cornea  gives  the  impression  of  slight  prominence  of 
the  ball.  A  long-continued  spasm  in  the  levator  seems,  indeed,  to  cause  the 
eyeball  to  be  very  slightly  more  prominent  than  the  other,  in  consequence 
of  the  origin  of  the  levator  being  below  the  level  of  the  upper  part  of  the 
eyeball;  but  the  apparent  prominence  due  to  the  exposure  of  the  sclerotic 
is  greater  than  the  real  prominence.  The  retraction  of  the  upper  lid  may 
cause  a  slightly  greater  fullness  of  its  tissues  than  exists  on  the  other  side. 
Unless  the  affection  is  due  to  removable  irritation  of  the  fifth  nerve,  it  is 
extremely  obstinate. 

Clonic  spasm  is  also  rare.  It  occurred  from  time  to  time  in  the  case  of 
leflex  ptosis  mentioned  on  p.  621.  A  very  singular  case  of  congenital 
spasm  of  the  levator  was  exhibited  at  the  Ophthalmological  Society  by  Mr. 
Marcus  Gunn.  There  was  slight  ptosis  and  slight  myosis  on  one  side,  and 
the  eyelid  was  raised  by  slight  contraction  of  the  levator  whenever  the 
external  pterygoid  of  the  same  side  was  put  in  action.* 

Spasmodic  elevation  of  the  upper  eyelid  also  occurs  from  irritation  of  the 
cervical  sympathetic.  We  have  seen  that  this  nerve  supplies  the  plain  mus- 
cular fibres  of  the  orbit,  which  are  indirectly  connected  with  the  eyelids, 
and  that  their  paralysis  causes  slight  drooping  of  the  lid.     It  is  probable 

*  Ophthalmological  Transactions,  vol.  iii,  p.  283.  As  one  of  a  committee  appointed  to 
report  on  the  case,  I  had  an  opportunity  of  carefully  examining  it.  The  simplest  explanation 
for  the  condition  seemed  to  he  that  some  of  the  levator  fibres  of  the  third  nerve  arose  from 
the  motor  nucleus  of  the  fifth  nerve.  The  small  size  o(  the  pupil  might  be  due  to  the  influ- 
ence of  those  cells  of  the  third  nerve  nucleus  which  ought  to  have  been,  but  were  not,  con' 
nected  with  the  levator. 
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that  their  spasm  is  the  cause  of  the  increase  in  the  normal  elevation,  and  of 
the  defective  descent  of  the  lid  in  looking  down,  in  many  cases  of  exoph- 
thalmic goitre.  Similar  spasm  is  said  to  have  been  met  with  in  pregnancy, 
as  a  reflex  symptom. 

Treatment. — Little  can  be  done  for  the  treatment  of  these  ocular  spasms 
beyond  the  removal  of  their  cause,  as  far  as  this  can  be  effected.  Hock's 
second  case  was  apparently  cured  by  specific  remedies,  his  first  case  by 
tenotomy.  Hysterical  spasm  can  generally  be  removed  by  a  small  blister  to 
each  temple,  if  the  potent  influence  of  neglect  is  ineffective.  The  paroxys- 
mal epileptoid  form  of  ocular  spasm  is  very  obstinate.  Bromides  have  little 
influence  upon  it,  and  tonics  do  more  good  than  sedatives.  Counter-irrita- 
tion sometimes  seems  to  produce  a  beneficial  effect. 

In  the  treatment  of  nystagmus  the  improvement  of  vision,  if  this  is  defect- 
ive, and  the  removal  of  any  cause  that  can  be  discovered,  are  the  chief 
measures.  The  application  of  a  feeble  voltaic  current,  from  the  mastoid 
process  to  the  closed  eyelids,  was  recommended  by  Svetlin,  but  has  failed 
in  the  hands  of  others. 

Spasm  of  the  levator  is  a  most  intractable  affection.  Irritation  of  the 
fifth  nerve  should  be  sought  for,  and,  if  present,  removed.  When  no  cause 
can  be  traced,  the  most  varied  treatment  by  counter-irritation,  sedatives, 
and  electricity  usually  fails. 

THE  FIFTH  NERVE. 

The  fifth  nerve,  it  will  be  remembered,  has  an  extensive  deep  origin,  not 
only  from  the  middle  nucleus  at  the  level  of  its  surface  attachment,  but  also 
by  descending  fibres  from  beneath  the  corpora  quadrigemina,  and  by 
ascending  fibres,  from  the  medulla  oblongata  (see  p.  487).  The  latter  are 
connected  with  sensory  nerve  cells,  forming  a  tract  of  gray  matter  continu- 
ous with  that  from  which  the  posterior  cervical  roots  arise  ;  the  cutaneous 
distribution  of  the  fifth  nerve  is  continuous,  on  the  head  and  neck,  with 
these  cervical  roots  and  the  central  gray  matter  similarly  continuous.  This 
enables  us  to  understand  the  radiation  of  pain  from  one  nerve  region  to  the 
other.  The  nucleus  of  the  motor  root  is  at  the  level  of  the  origin  of  the 
nerve  from  the  pons.  The  Gasserian  ganglion  lies  in  a  hollow  on  the  petrous 
part  of  the  temporal  bone,  and  thence  the  three  divisions  pass  from  the 
cranial  cavity,  the  first  by  the  sphenoidal  fissure  to  the.  orbit,  and  the  others 
by  the  foramina  ovale  and  rotunda  of  the  sphenoid  bone  to  the  spheno- 
maxillary fossa.  The  first  part  supplies  the  skin  of  the  forehead  and  ante- 
rior part  of  the  hairy  scalp,  the  upper  eyelid,  and  the  bridge  and  tip  of  the 
nose;  the  second  part,  the  lower  eyelid,  cheek,  anterior  part  of  the  temples, 
side  of  the  nose,  upper  lip,  upper  teeth,  and  upper  part  of  pharynx,  tonsils, 
soft  palate,  and  uvula  and  roof  of  mouth ;  the  third  part  supplies  the  rest 
of  the  temple,  the  anterior  and  upper  part  of  the  ear,  the  auditory  meatus, 
the  lower  part  of  the  cheek  adjacent  to  the  mouth,  the  lower  lip,  chin, 
lower  teeth  and  gums,  and  the  tongue,  part  of  the  mucous  membrane  of  the 
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mouth,  and  the  salivary  glands.  The  function  of  taste  in  the  anterior  part 
of  the  tongue  is  subserved  by  the  lingual  branch  of  the  third  division,  but 
the  fibres  pass  from  this  to  the  facial  nerve  and  thence  to  the  spheno-palatine 
ganglion  and  the  second  division,  as  will  be  explained  immediately.  The 
motor  part  supplies  the  muscles  of  the  lower  jaw,  temporal,  masseter  and 
pterygoid,  the  mylohyoid,  and  the  posterior  belly  of  the  digastric. 

The  connections  of  the  fifth  nerve  are  numerous,  and  some  of  them  are 
of  considerable  importance.  The  first  part  receives,  at  the  Gasserian  gan- 
glion, fibres  from  the  sympathetic,  which  pass  with  it  to  the  eye,  and  are 
the  fibres  that  innervate  the  radiating  muscle  of  the  iris.  The  second  part 
gives  off,  from  the  spheno-palatine  ganglion,  the  Vidian  nerve,  which  (after 
a  connection  with  the  tympanic  branch  of  the  glosso-pharyngeal)  joins  the 
facial.  It  is  called  the  large  superficial  petrosal,  after  it  has  given  off  a 
branch  to  the  sympathetic.  The  lingual  branch  of  the  third  part  gives  off 
the  chorda-  tympani,  which  joins  the  facial  in  the  Fallopian  canal,  a  little 
below  its  junction  with  the  large  petrosal  (Vidian).  There  is  strong  reason 
to  believe  that  most  of  the  fibres  of  the  chorda  tympani  pass  into  the  petro- 
sal (Vidian),  and  thus  reach  the  spheno-palatine  ganglion  and  the  second 
part  of  the  fifth  nerve.  These  fibres  not  only  conduct  taste  impressions  from 
the  front  of  the  tongue,  but  probably  also  subserve  some  tactile  sensibility, 
since  this  may  be  lowered  by  disease  of  the  chorda  tympani  (see  note  on  p. 
642).  Lastly,  the  otic  ganglion  of  the  third  part  gives  off  the  small  super- 
ficial petrosal  nerve,  which  is  connected  with  the  facial  nerve  where  the 
Vidian  joins  it,  and  ends  in  the  tympanic  branch  of  the  glosso-pharyngeal. 

PARALYSIS  OF  THE  FIFTH  NERVE. 
Causes. — The  course  of  the  fifth  nerve  renders,  it  liable  to  damage  from 
disease  in  various  situations,  but  its  deep  position  protects  it  from  some 
influences  to  which  nerve  trunks  of  superficial  course  are  obnoxious,  such  as 
rheumatic  neuritis,  which  is  as  rare  in  the  fifth  as  it  is  common  in  the  facial 
nerve.     The  chief  causes  of  damage  are  the  following  : — 

(1)  Disease  within  the  pons,  especially  focal  lesions,  hemorrhage,  soften- 
ing, tumors,  and  sometimes  an  islet  of  sclerosis  at  the  level  of  the  origin  of 
the  nerve,  damaging  either  the  root  fibres  or  the  nuclei.  The  most  con- 
siderable symptoms  are  produced  by  damage  to  the  root  fibres.  The  nuclear 
origin  of  the  sensory  fibres  is  so  extensive  that  disease  never  affects  more 
than  a  portion  of  it.  Degenerative  disease  is  rare;  the  motor  nucleus 
usually  escapes  even  in  widespread  nuclear  degeneration. 

(2)  The  nerve  is  damaged  by  disease  at  the  base  of  the  brain,  especially 
by  tumors,  chronic  meningitis,  and  caries  of  bone.  It  is  liable  to  suffer 
in  disease  of  either  the  posterior  or  middle  fossa,  or  of  the  petrous  bone 
between  the  two. 

(3)  Each  division  of  the  nerve  has  a  course  that  exposes  it  to  special 
lesions ;  the  first,  in  the  wall  of  the  cavernous  sinus,  may  be  damaged  by 
growths  in  the  pituitary  region,  or  aneurism  of  the  internal  carotid,  and 
within  the  orbit  it  may  suffer  from  growths  or  inflammation,  such  as  orbital 
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cellulitis;  the  second  and  third  pass  into  the  sphenomaxillary  fossa,  which 
is  often  invaded  by  tumors  from  the  parotid  region  and  adjacent  bones. 

(4)  Traumatic  injury,  especially  punctured  and  bullet  wounds,  through 
the  mouth  and  nose.  On  the  other  hand,  the  nerve  is  rarely  damaged  in 
fracture  of  the  skull. 

(5)  While  secondary  neuritis  is  common,  arising  by  extension  from  bone 
or  membranes,  primary  neuritis  is  rare,  and  when  it  has  been  found  has 
occupied  the  Gasserian  ganglion.  The  peculiar  neuritis  that  seems  to  be  the 
cause  of  herpes  zoster  is  frequent  in  this  nerve,  but  must  certainly  be  dis- 
tinguished from  the  ordinary  form  of  inflammation. 

Symptoms — (a)  Sensory  Portion. — The  chief  symptom  of  an  affection  of  the 
fifth  or  of  its  branches  is  loss  of  sensation  in  the  region  of  the  skin  supplied 
by  it,  universal  in  severe  disease  of  the  trunk  of  the  nerve,  or  when  all  three 
branches  are  damaged  by  a  growth  in  the  middle  fossa  of  the  base,  but  in 
disease  of  the  branches  limited  to  areas  supplied  by  them.  The  loss  of 
sensation  is  commonly  preceded  by  symptoms  of  irritation,  sharp,  darting, 
burning  pains  referred  to-  the  region  of  its  distribution,  closely  resembling 
those  of  neuralgia,  and  often  accompanied  by  tender  points  in  the  course  of 
the  nerves.  There  may  be  increased  sensitiveness,  especially  to  pain.  The 
duration  of  the  stage  of  simple  irritation  varies  according  to  the  quick  or 
slow  progress  of  the  disease  ;  sometimes  it  is  absent,  and  the  anaesthesia  is 
the  first  symptom.  Tactile  sensibility  is  usually  lost  first,  and  there  is  often 
sensitiveness  to  pain,  when  a  touch  cannot  be  felt.  Ultimately  both  are 
lost.  The  muscles  of  the  face  are  insensitive,  but  are  not  weakened, 
although  the  movements  of  the  face  have  been  observed  to  be  a  little  slower 
than  normal,  apparently  from  defective  sensation.  The  mucous  membranes, 
as  well  as  the  skin,  become  insensitive.  The  conjunctiva  can  be  touched 
and  even  pricked  without  discomfort  or  reflex  action.  The  mucous  mem- 
brane of  the  nose  can  no  longer  be  irritated  by  snuff  or  ammonia.  Odors 
can  at  first  be  perceived  perfectly ;  after  a  time  the  sense  of  smell  is  blunted, 
in  consequence  of  the  dryness  of  the  mucous  membrane  and  secondary  changes 
in  its  epithelial  tissues.  The  anaesthesia  extends  over  the  mucous  membrane 
of  the  lips,  mouth  and  tongue,  up  to  the  middle  line.  When  the  patient 
drinks,  the  cup,  felt  only  on  the  unaffected  side,  may  seem  broken.  Food 
is  not  chewed  on  the  paralyzed  side  because  it  cannot  be  felt,  or  because  the 
muscles  of  mastication  are  weakened.  Hence,  fur  accumulates  on  the 
anaesthetic  half  of  the  tongue  ;  this  accumulation  has  been  ascribed  to 
defective  innervation,  but  it  is  common  in  all  conditions  which  lead  to  one- 
sided chewing,  and  is  probably  merely  due  to  the  fact  that  the  food  no 
longer  removes  the  epithelium.  In  some  cases,  at  least,  the  back  of  the 
tongue,  the  anterior  arches  and  the  palate,  soft  as  well  as  hard,  are 
insensitive.  In  other  cases,  in  which  the  extent  of  the  cutaneous  anaesthesia 
suggests  disease  of  the  whole  of  the  fifth  nerve,  the  loss  of  sensibility  is  con- 
fined to  the  anterior  two-thirds  of  the  tongue.  It  is  not  known  whether  this 
difference  is  due  to  individual  variations  in  the  distribution  of  the  nerve,  or 

40 
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to  differences  in  the  seat  of  the  disease,  but  it  is  certain  that  disease  of  the 
fifth  may  cause  anaesthesia  in  the  root  of  the  tongue  and  palate. 

Another  frequent  symptom  of  disease  of  the  fifth  nerve  is  loss  of  taste. 
Disease  of  the  root  of  the  fifth  nerve  may  cause  complete  loss  of  taste  in  all 
the  gustatory  region  of  the  one  side,  tongue  and  palate.  The  effect  is  not, 
however,  invariable ;  probably  the  exceptions  are  cases  of  partial  disease,  or 
disease  within  the  pons,  where  the  taste  path  has  a  separate  course.  Disease 
of  the  lingual,  after  the  chorda  tympani  has  joined  it,  causes  loss  of  taste  in 
the  anterior  two-thirds  of  the  tongue  ;  above  the  junction  with  the  chorda 
tympani  disease  of  the  third  division  seems  to  cause  no  loss  of  taste.  The 
evidence  of  these  facts  is  stated  in  the  appended  section  on  affections  of 
taste. 

Trophic  changes  occasionally  result  from  disease  of  the  fifth  nerve. 
Alterations  in  the  vascularity  of  the  face  have  been  described,  but  are  cer- 
tainly rare.  The  secretions  from  the  mucous  membranes  and  special  glands, 
lachrymal  and  salivary,  are  lessened  in  paralysis,  and  increased  for  a  time  in 
irritation.  Rarely,  there  is  swelling  and  ulceration  of  the  gums.  An  acci- 
dental bite  of  the  insensitive  cheek,  for  instance,  heals  slowly  and  tends  to 
ulcerate.  In  long-standing  cases  the  teeth  have  become  loose.  But  the 
most  important  disturbance  in  nutrition  is  that  of  the  eye.  Inflammation 
of  the  eyeball  is  a  common  result  of  section  of  the  nerve  in  animals,  and 
has  been  frequently  observed  in  man.  The  cornea  becomes  cloudy,  then 
opaque,  and  ulcers  form  upon  it,  which  may  perforate  and  lead  to  a  destruc- 
tive inflammation  of  the  globe.  The  conditions  that  determine  this 
"  neuro-paralytic  ophthalmia"  (as  it  has  been  termed)  have  been  the  subject 
of  much  discussion.  It  is  not  simply  the  result  of  interruption  of  the  sen- 
sory fibres,  since  such  interruption,  with  complete  anaesthesia,  has  been 
repeatedly  observed  without  any  ocular  disturbance.  In  a  patient  under  my 
care,  complete  paralysis  of  the  fifth  nerve,  motor  and  sensory,  has  existed 
for  seven  years  without  a  trace  of  ophthalmia.  This  fact,  and  the  absence 
of  inflammation  in  facial  palsy,  show  that  it  cannot  be  due  simply  to  irri- 
tation of  the  conjunctiva  by  foreign  bodies,  dust,  etc.,  which  are  not  felt. 
From  various  experimental  and  clinical  facts  it  seems  probable  that  the 
inflammation  is  due,  not  to  mere  interruption,  but  to  irritation  of  the  fifth 
nerve.  An  unsuccessful  attempt  to  divide  the  nerve,  which  caused  consider- 
able irritation  but  no  anaesthesia,  has  caused  characteristic  inflammation 
of  the  eyeball  (Meissner),  and  electrical  irritation  of  the  ganglion  causes 
ocular  inflammation,  which,  although  transient,  is  intense.  It  is  probable, 
moreover,  that  such  irritation  is  most  powerful  when  it  involves  the  Gas- 
serian  ganglion  (especially  the  inner  part,  according  to  Meissner)  or  the  nerve 
fibres  in  front  of  the  ganglion.  It  is  frequently  absent  in  disease  of  the 
nerve  within  the  pons  and  of  its  root,  at  the  surface  of  the  pons,  and 
although  it  does  occur  when  the  disease  is  in  this  situation,  it  is  probable 
that  a  greater  degree  of  irritation  is  required  to  produce  it  than  when  the  ' 
disease  is  at,  or  in  front  of,  the  Gasserian  ganglion. 
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Herpes  zoster  is  frequent  in  the  region  supplied  by  the  fifth  nerve,  espe- 
cially in  that  of  the  first  division.  The  observations  of  v.  Barensprung  and 
others  make  it  probable  that  the  eruption  is  due  to  inflammation  of  the 
Gasserian  ganglion,  or  of  the  nerve  trunks  in  front  of  this,  although  it  is 
doubtful  whether  the  cause  is  an  ordinary  neuritis.  It  is  usually  preceded  or 
followed  by  much  pain  and  hyperesthesia,  sometimes  accompanied  also 
by  lessened  tactile  sensibility — evidence  of  irritation  and  damage  to  the 
conducting  nerve  fibres.  In  the  old,  the  pain  that  follows  herpes  is  often 
peculiarly  enduring,  and  may  last  for  months  or  years.  Herpes  has  been 
observed  to  follow  other  lesions  of  the  fifth,  but  is  not  common  in  such 
cases.  Catarrhal  herpes  of  the  lips  has  been  attributed  to  neuritis  of  periph- 
eral branches  of  the  nerve,  but  without  the  pathological  evidence  that  is 
desirable  in  the  case  of  an  eruption  that  differs  so  markedly  from  zoster  in 
its  irregular  bilateral  distribution  and  in  its  common  cause. 

(b)  Motor  Portion. — The  resulting  loss  of  power  in  the  muscles  can  be  best 
recognized  by  placing  the  finger  on  each  masseter  or  temporal  muscle,  and 
making  the  patient  bring  the  teeth  forcibly  together  as  in  the  act  of  biting. 
The  feebleness  or  absence  of  contraction  on  the  affected  side  is  then  evi- 
dent. When  the  loss  of  power  is  slight,  the  affected  muscles  may  contract 
a  little  later  than  the  others.  The  paralysis  of  the  external  pterygoid  causes 
two  characteristic  symptoms  :  the  patient  cannot  move  the  jaw  toward  the 
unaffected  side,  and  when  the  lower  jaw  is  depressed  it  deviates  toward  the 
paralyzed  side,  because,  in  depression,  the  external  pterygoids  draw  the 
condyles  forward,  and  this  movement  occurs  only  on  the  unparalyzed  side. 
The  mylohyoid  and  posterior  part  of  the  digastric  act  only  with  other  mus- 
cles that  are  not  supplied  by  the  fifth,  and  hence  their  paralysis  does  not 
perceptibly  impair  the  movement  of  the  hyoid  bone,  which  they  help  to 
raise.  Although  the  tensor  palati  and  tensor  tympani  are  supplied  from  the 
fifth,  no  evidence  of  the  paralysis  of  these  muscles  has  been  observed  in 
cases  of  disease  of  this  nerve.  It  has  been  assumed  that  the  palsy  of  the 
tensor  tympani  would  cause  defect  in  hearing  low  notes,  but  I  am  not  aware 
that  the  defect  has  been  detected,  and  I  have  failed  to  discover  it  in  cases 
that  I  have  examined  with  special  reference  to  this  point.  It  is  probable 
that  the  fibres  to  the  tensor  palati,  although  they  may  come  from  the  fifth, 
are  ultimately  derived  from  one  of  the  bulbar  nerves.  After  a  time  the 
paralyzed  muscles  of  mastication  waste,  the  temporal  and  zygomatic  fossae 
become  flattened,  and  ultimately  a  little  secondary  shortening  of  the  mus- 
cles may  limit,  in  a  slight  degree,  the  downward  movement  of  the  jaw. 

Diagnosis. — The  diagnosis  of  paralysis  of  the  fifth  nerve  is  easy  when  its 
degree  is  considerable,  when  the  motor  part  is  affected,  and  when  the  sen- 
sory part  suffers  without  anaesthesia  elsewhere,  or  with  only  paralysis  of  other 
cranial  nerves.  A  diagnostic  difficulty  arises  only  when  there  is  other  sen- 
sory paralysis,  or  when  the  disease  of  the  fifth  causes  only  sensory  irritation, 
and  the  resulting  pain  is  like  that  of  neuralgia.  In  hemianesthesia  the  parts 
supplied  by  the  fifth  nerve,  skin,  and  mucous  membranes  are  insensitive, 
but  so  also  are  the  back  of  the  head,  trunk,  and  limbs,  and  in  many  cases 
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the  special  senses  are  impaired.  As  long  as  the  only  symptom  of  disease 
of  the  nerve  is  pain,  due  to  irritation  of  the  fibres,  and  referred  to  their 
distribution,  the  condition  may  be  indistinguishable  from  ordinary  neu- 
ralgia. The  pain  may  be  of  the  same  character  and  seat,  most  intense  in 
the  same  localities,  and  sometimes  accompanied  by  the  same  tender  points. 
Persistent  hyperaesthesia  of  the  skin  is  more  marked  and  extensive  in 
cases  of  organic  disease  than  in  neuralgia,  and  the  pain  radiates  less  fre- 
quently to  other  nerve  regions,  e.  g.,  to  that  of  the  cervical  plexus.  In  the 
absence  of  other  evidence  of  organic  disease,  such  as  is  afforded  by  the 
affection  of  other  cranial  nerves,  the  presence  of  such  disease  is  certain  if 
anaesthesia  develops,  corresponding  in  range  to  the  fifth  nerve  or  one  of  its 
branches.  This,  as  proof  of  definite  arrest  of  conduction,  is  unequivocal 
evidence  of  an  organic  lesion.  Another  important  symptom  of  such  dis- 
ease is  loss  of  taste,  which,  as  we  have  seen,  may  occur  independently  of 
anaesthesia.  It  should  be  carefully  sought  for  in  every  case  in  which  an 
organic  lesion  is  possible. 

The  diagnosis  of  the  seat  of  the  disease  depends  on  the  extent  of  the 
symptoms,  especially  of  the  anaesthesia,  and  on  the  associations  of  the 
paralysis.  When  all  parts  are  affected,  the  disease  is  commonly  at  the  base 
of  the  brain  or  at  the  Gasserian  ganglion.  A  lesion  of  the  first  part  only  is 
usually  at  the  sphenoidal  fissure,  or  in  the  orbit.  If  the  symptoms  are  lim- 
ited to  the  distribution  of  the  second  part  the  disease  is  probably  in  the 
spheno-maxillary  fissure  or  the  superior  maxillary  bone.  Such  symptoms 
are  occasionally  the  first  indication  of  a  tumor  of  this  bone.  The  third  part 
is  rarely  diseased  alone.  An  affection  of  the  second  and  third  divisions 
without  the  first  is  generally  due  to  disease  of  the  sphenoid  bone  or  in  the 
spheno-maxillary  fossa. 

The  nerves  to  the  eyeball  are  those  most  frequently  associated  with  the 
fifth  in  disease  at  the  side  of  the  pons  and  in  the  middle  fossa  of  the  skull. 
In  the  former  case  all  parts  of  the  fifth  suffer,  in  the  latter  only  the  first 
division.  At  the  side  of  the  pons  the  sixth  nerve  is  more  frequently  asso- 
ciated with  the  fifth  than  any  other,  and  disease  of  the  sixth,  and  of  all  parts 
of  the  fifth,  points  conclusively  to  this  position.  Paralysis  of  one  fifth,  and 
of  the  arm  and  leg  on  the  opposite  side,  if  of  sudden  onset,  is  due  to  a 
lesion  within  the  pons ;  if  of  gradual  onset  it  may  be  due  to  disease  in  or 
outside  the  pons.  The  associated  paralysis  of  the  conjugate  movements  of 
both  eyes  toward  the  side  of  the  lesion  is  conclusive  evidence  of  disease 
within  the  pons. 

Treatment. — The  most  important  element,  as  in  other  cranial  nerve  pal- 
sies, is  the  removal  of  the  morbid  process  as  far  as  this  is  practicable.  When 
there  is  reason  to  suspect  inflammation,  a  blister  should  be  applied  to  the 
side  of  the  occiput,  or  behind  the  ear,  but  not  to  the  temple,  lest  it  set  up 
ulceration.  If  the  affection  has  followed  exposure  to  cold,  hot  fomentations 
may  be  applied  to  the  side  of  the  head  and  face  during  the  first  three  days, 
but  not  after  the  fourth  day,  or  vesication  may  ensue.  The  pain  is  often 
very   troublesome.     Sometimes   gelsemium    relieves    it.     Cocain    injected 
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locally,  by  arresting  peripheral  impressions,  may  lessen  the  pain  of  organic 
irritation.  Often,  however,  only  hypodermic  injection  of  morphia  gives 
relief.  A  weak  voltaic  current  occasionally  lessens  pain  that  is  moderate  in 
severity,  but  it  is  powerless  over  the  more  intense  suffering.  When  there  is 
anaesthesia  without  pain,  stimulation  of  the  terminal  sensory  fibres  may  be 
tried..  If  the  continuity  of  the  nerve  fibres  is  interrupted  such  stimulation  is 
necessarily  powerless,  but  in  many  cases  of  partial  and  stationary  or  regres- 
sive disease  the  fibres  are  slow  in  regaining  functional  activity,  and  this  may 
be  distinctly  increased  by  their  peripheral  stimulation,  which  tends  to  over- 
come the  resistance  at  the  diseased  spot.  The  best  means  of  effecting  this 
stimulation  is  the  faradisation  of  the  skin.  A  dry  electrode  influences  the 
cutaneous  nerves  more  than  a  moist  sponge,  and  the  wire  brush  is  the  most 
effective.  The  brush  should  be  stroked  over  the  anaesthetic  areas,  and  the 
other  electrode,  which  may  be  a  wet  sponge,  should  be  placed  behind  the 
ear  or  at  the  occiput.  The  current  should  be  strong  enough,  if  possible,  to 
cause  some  sensation,  and  it  should  be  applied  for  two  or  three  minutes. 
Faradisation  is  much  better,  for  this  purpose,  than  the  voltaic  current,  since 
the  latter,  if  strong  enough  to  be  effective,  is  apt  to  cause  giddiness.  Elec- 
tricity is  far  better  than  irritating  liniments,  which  readily  set  up  trophic 
disturbance.  The  skin  may,  with  advantage,  be  gently  rubbed,  so  as  to 
increase  its  vascularity,  before  the  application. 

SPASM  OF  THE  MUSCLES  OF  MASTICATION. 

Spasm  of  the  muscles  supplied  by  the  fifth  nerve,  the  "  masticatory 
spasm  "  of  Romberg,  may  be  either  tonic  or  clonic. 

Tonic  spasm  keeps  the  jaws  together  so  that  the  two  rows  of  teeth  cannot 
be  separated  ("  lockjaw  ")  or  can  only  be  separated  for  a  short  distance,  a 
quarter  or  half  an  inch.  Sometimes  the  teeth  are  pressed  together  with  con- 
siderable force.  The  masseters  and  temporals,  can  be  seen  to  be  prominent, 
and  felt  to  be  hard.  An  attempt  to  depress  the  lower  jaw,  and  overcome 
the  rigidity  by  force,  causes  pain  in  the  muscles,  and  sometimes  the  spasm 
is  itself  painful.  The  muscular  contraction  is  almost  always  bilateral.  It  is 
a  conspicuous  and  early  symptom  in  tetanus,  traumatic  and  idiopathic,  and 
is  an  occasional  and  late  symptom  in  severe  cases  of  tetany.  It  occurs  also 
in  hysteria  ;  sometimes  frequent  brief  paroxysms  last  a  quarter  of  an  hour  or 
more,  sometimes  a  more  enduring  form  succeeds  a  hysteroid  fit  and  usually 
lasts  until  another  convulsion,  which  leaves  the  patient  free.*  This  spasm 
was  unilateral  in  one  hysterical  case  recorded  by  Travers. 

In  rare  cases  tonic  spasm  has  been  produced  by  sensory  irritation  else- 
where, generally  due  to  injury,  and  has  passed  away  when  the  irritation  was 
removed.  Romberg  has  recorded  several  instances  of  this.  Unhappily, 
trismus,  so  produced,  is,  in  most  cases,  the  first  symptom  of  general  tetanus. 
This  is  true,  also,  of  trismus  following  exposure  to  cold,  but  in  one  case 

*  There  can  be  little  doubt  that  the  case  recorded  by  Romberg  ("  Dist.  Nerv.  Syst ,"'  Syd. 
Soc.  Trans  ,  vol.  i,  p.  305),  of  trismus  after  "  epilepsy,"  was  an  example  of  this  form. 
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paroxysmal  and  transient  spasm  of  the  jaw  and  tongue,  accompanied  by  a 
"dying  away  of  the  extremities,"  was  produced  by  any  considerable  expo- 
sure to  cold  (Romberg).  In  a  few  cases,  prolonged  trismus,  without  other 
symptoms,  has  followed  similar  exposure,  but  in  most  instances  the  patients 
were  young  women,  and  it  is  possible  that  the  cases  were  hysterical  in  nature. 

Another  occasional  and  rare  cause  is  irritation  in  the  sensory  region  of  the 
fifth  nerve,  due  to  carious  teeth,  ulceration  in  the  mouth,  and  other  causes. 
The  tonic  spasm  has  been  observed  to  coincide  with  paroxysms  of  pain,  and 
to  be  removed  for  a  time  by  pressure  on  tender  points  in  the  branches  of  the 
nerve.  It  is  said  to  be  produced  especially  by  irritation  of  the  last  molar, 
either  from  caries  with  alveolar  abscess,  or  during  the  eruption  of  the  tooth. 
In  the  latter  case  the  spasm  has  been  known  to  continue  for  several  months 
(Germain). 

Lastly,  tonic  spasm  is  an  occasional  symptom  of  organic  disease  of  the 
pons,  due  to  irritating  disease  near,  but  not  in,  the  motor  nucleus  of  the 
fifth.  The  spasm  may  be  unilateral,  but  it  is  more  frequently  bilateral 
(although  sometimes  greater  in  degree  on  one  side)  even  when  the  disease 
is  one-sided.  It  is  often  permanent.  A  tumor  is  the  most  frequent  cause 
of  the  symptom.  Of  recorded  cases,  in  one  (Marot)  there  was  a  small  tubercle 
at  the  junction  of  the  pons  and  medulla  on  the  right  side ;  in  another  (Wer- 
nicke) the  tumor,  also  a  tubercle,  occupied  almost  the  whole  vertical  extent 
of  the  left  half  of  the  pons,  and  had  caused  loss  of  the  movements  of  both 
eyes  to  the  left,  paralysis  of  the  facial  nerve,  extreme  tension  of  the  left 
masseter,  and  numbness  of  the  right  side  of  the  head.  Somewhat  similar 
symptoms  in  a  woman,  aged  forty-two,  under  my  care,  were  probably  due 
to  syphilitic  disease  of  the  basilar  artery  ;  they  developed  in  the  course  of 
two  days  and  then  remained  stationary.  On  account  of  the  spasm  of  the 
muscles,  which  was  bilateral,  the  jaws  could  only  be  separated  for  a  quarter 
of  an  inch  ;  in  this  movement  the  jaw  deviated  quite  a  quarter  of  an  inch  to 
the  left,  and  hence  there  was  probably  some  weakness  of  the  left  muscles, 
although  the  voluntary  contraction  seemed  equal.  The  sensory  parts  of  the 
fifth  nerve  were  unaffected,  but  there  was  entire  loss  of  all  lateral  movements 
of  the  eyes,  and  limitation  of  the  vertical  movements ;  nystagmus,  lateral  in 
the  right  and  rotatory  in  the  left  eye,  which  was  strongly  inverted  ;  complete 
paralysis  of  all  parts  of  the  left  facial  nerve  with  degenerative  reaction,  and 
right  hemiplegia,  considerable  in  degree.  Three  years  after  the  onset  the 
spasm  remained  the  same  and  the  other  symptoms  presented  only  trifling 
improvement. 

Partial  tonic  spasm,  affecting  only  some  of  the  muscles  supplied  by  the 
fifth  nerve,  is  extremely  rare.  In  the  case  of  a  girl  suffering  from  hysteria 
and  chorea,  recorded  by  Leube,*  the  jaw  was  fixed  for  several  days  in  the 
position  of  lateral  deviation,  and  as  there  was  no  spasm  in  the  masseters  or 
temporals  the  symptom  was  apparently  due  to  the  spasm  in  the  pterygoid 
muscles  of  one  side. 

*  Arch.f.  klin.  Med.,  1869,  vi,  273. 
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Clonic  spasm  of  the  muscles  supplied  by  the  fifth  nerve  is  met  with  in  two 
forms:  (i)  quick  contractions  frequently  repeated  ;  (2)  single  sudden  con- 
tractions occurring  at  considerable  intervals. 

1.  The  serial  clonic  spasm  is  the  most  common.  It  causes,  if  consider- 
able, successive  upward  movements  of  the  lower  jaw,  bringing  the  teeth 
together,  sometimes  with  sufficient  force  to  cause  the  sound  popularly  known 
as  "chattering  of  the  teeth."*  If  slight,  there  may  be  only  a  tremulous 
movement  of  the  jaw,  although  the  spasm  of  the  muscles  may  be  felt  when 
the  fingers  are  placed  on  them.  The  movement  is  almost  always  vertical ; 
a  lateral  movement,  from  spasm  in  the  pterygoids,  has  been  described,  but  is 
extremely  rare.  Clonic  spasm  is  bilateral  in  most  cases.  It  is  a  conspicuous 
feature  of  many  forms  of  general  clonic  spasm,  as  convulsion  and  rigor.  It 
occurs  also  in  some  cases  of  paralysis  agitans ;  in  this  disease  the  muscles  on 
one  side  may  be  affected  before  those  on  the  other,  and  this  is,  perhaps,  the 
only  condition  in  which  such  contractions  are  one  sided. 

As  an  isolated  symptom  such  clonic  spasm  is  rare,  and  the  few  recorded 
cases  have  occurred  late  in  life  and  in  women.  Romberg  relates  an  instance 
in  a  women  aged  sixty-five,  who  had  previously  suffered  from  facial  spasm. 
The  spasm  affected  the  right  masseter  more  than  the  left,  and  not  the  tem- 
porals. It  caused  a  constant  chattering  of  the  teeth.  Toward  evening  the 
movement  became  very  forcible  and  violent ;  it  ceased  during  sleep  and 
also  during  mastication.  Pain  was  felt  only  when  the  spasm  was  very  vio- 
lent.f  I  have  met  with  one  case  in  a  woman  aged  fifty-five,  in  which  similar 
spasm  was  associated  with  neuralgic  "shooting"  pain  in  the  left  side  of 
the  face,  especially  round  the  orbit,  and  about  the  malar  bone,  darting 
through  the  head,  and  sometimes  along  the  lower  jaw  and  down  the  neck. 
The  pain  was  most  intense  in  wet  weather.  The  spasm  appeared  secondary 
to  the  pain,  and  was  greatest  when  the  pain  was  severe.  Both  masseters 
and  temporals  were  involved.  The  spasm  was  not  quite  regular,  but  the 
frequency  of  the  contractions  was  72  to  80  per  minute.  At  times  it  could 
not  be  felt.  It  ceased  when  the  jaws  were  opened  widely.  It  was  rather 
stronger  on  the  left  side  than  on  the  right,  and  in  gradually  passing  away 
(after  some  months  of  tonic  and  sedative  treatment)  it  ceased  on  the  right 
side  sooner  than  on  the  left. 

2.  The  second  form  of  clonic  spasm,  in  which  there  are  occasional  severe 
single  contractions,  sometimes  occurs  in  chorea,  but  as  an  isolated  affection 
it  is  very  rare.  The  jaws  are  brought  together  with  considerable  force,  and 
the  tongue  or  cheeks  are  sometimes  bitten.  An  instance  of  this  form 
occurred  in  a  girl  aged  twenty-six.  It  commenced  suddenly ;  at  first, 
whenever  she  tried  to  eat  or  began  to  talk,  and  also  on  going  to  sleep  at 
night,  the  jaw  would  be  suddenly  jerked  up,  and  her  tongue  was  several 
times  badly  bitten.  She  had  no  other  symptom  except  slight  weaker 
ness  of  the  lower  part  of  the  face  on  the  left  side.     She  presented  no  evi- 

*  Probably  modified,  by  false  analogy,  from  "  clattering  of  the  teeth.'' 

t  Romberg,  "Diseases  of  the  Nervous  System,"  Syd.  Soc.  Trans.,  /8jj,  vol.  i,  p.  301. 
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dence  of  hysteria.  A  heavy  weight  had  fallen  on  the  head  about  three 
months  before  the  onset.  The  symptoms  continued,  decreasing  in  severity, 
for  about  a  month,  but  for  six  months  she  had  an  occasional  attack,  leaving 
tenderness  in  the  masseters,  and  there  was  some  reason  to  think  that  on  one 
occasion  in  the  night  she  had  an  epileptic  fit.  I  have  known  similar  spasms 
to  occur  during  sleep,  chiefly  in  men  during  middle  life.  It  wakes  the 
patient,  and  the  tongue,  if  it  happens  to  be  between  the  jaws,  may  be  bitten. 
It  appears  to  depend  on  enfeeblement  of  the  nervous  system,  and  ceases  when 
this  is  strengthened. 

Diagnosis. — The  existence  of  the  spasm  in  the  muscles  of  mastication  is 
readily  recognized.  The  only  conditions  which  simulate  spasm  are  :  (i) 
interference  with  the  movement  of  the  jaw  by  a  tumor  or  inflammatory 
swelling  near  the  ramus,  conditions  sufficiently  obtrusive  ;  (2)  disease  of  the 
joint,  usually  rheumatoid,  limiting  the  movement  of  the  articular  surfaces ; 
here  there  is  no  tension  of  the  muscles,  and  other  joints  are  commonly 
affected.  In  one  case,  for  instance,  that  of  a  man,  thirty  years  of  age,  in 
whom  the  lower  jaw  could  not  be  depressed  for  more  than  half  an  inch,  a 
similar  condition  had  fixed  the  articulations  of  the  cervical  spine  so  that  the 
neck  was  as  rigid  as  if  it  had  been  composed  of  wood.  The  prognosis 
of  isolated  spasm  is  good,  except  in  the  cases  which  are  due  to  organic 
disease  of  the  nerve  centres.  These  are  usually  permanent.  In  other 
cases  the  spasm  usually  passes  away,  but  only  after  a  somewhat  prolonged 
treatment. 

Treatment. — The  treatment  of  the  forms  of  spasm  that  are  part  of  dis- 
eases of  wider  nature  is  necessarily  that  of  the  primary  disease,  and  is 
described  elsewhere.  Hysterical  spasm  is  sometimes  removed  by  a  blister 
behind  the  ramus  of  each  jaw.  In  the  isolated  form,  it  is  important  to  search 
for  and  remove  all  sources  of  irritation  of  the  sensory  nerves,  to  lessen  pain 
by  sedatives,  and  to  strengthen  the  nervous  system  by  tonics,  especially  iron 
and  quinine.  When  a  carious  molar  is  the  cause  of  the  spasm  it  may  be 
necessary  to  relax  the  muscles  by  chloroform,  that  the  tooth  may  be  extracted. 
If  the  spasm  is  apparently  due  to  cold,  a  hot  air  or  vapor  bath  should  be 
used  in  the  early  stage.  Voltaic  electricity  has  been  said  to  do  good  in 
some  cases,  the  positive  pole  being,  placed  on  the  back-  of  the  neck,  the 
negative  on  the  contracting  muscles,  and  if  no  result  follows,  the  position  of 
the  poles  may  be  reversed  ;  but  it  is.  doubtful  whether  the  current  can  reach 
the  over-acting  centres.  The  paroxysmal  form  of  clonic  spasm  is  certainly 
lessened  by  bromides,  and  they  usually  prevent  the  occurrence  of  nocturnal 
spasm,  but  they  have  no  influence  on  the  tonic  form.  Cauterization  beside 
the  cervical  spine  has  been  recommended  for  trismus  due  to  cold  (Petrone). 
In  prolonged  cases  of  tonic  spasm  in  which  the  jaws  are  completely  closed, 
the  feeding  of  the  patient  is  a  matter  of  difficulty,  and  the  extraction  of  a 
tooth  may  even  be  needed  for  the  purpose. 
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AFFECTIONS  OF  TASTE. 

The  sense  of  taste,  it  must  be  remembered,  includes  only  the  recognition 
of  the  qualities  known  as  "bitter,"  "sweet,"  "sour,"  and  "salt,"  with 
certain  metallic  sensations.  It  does  not  include  what  are  called  flavors ; 
these,  as  we  have  seen,  are  really  perceived  through  the  olfactory  nerve. 
Gustatory  sensation  is  subserved  by  the  mucous  membrane  of  the  tongue, 
palate,  and  palatine  arches,  but  in  the  fore  part  of  the  tongue  the  function 
is  chiefly  localized  in  the  tip  and  edges,  and  is  very  slight  on  the  upper 
surface.  Each  quality  can  be  perceived  in  all  parts  of  the  gustatory  region, 
but  bitterness  and  sweetness  are  more  readily  appreciated  at  the  back  of  the 
tongue,  sourness  and  saltness  at  the  tip  and  edges.  Moreover,  if  minute 
areas  are  tested,  there  are  found  to  be  spots  in  which  one  quality  can  be 
perceived  and  not  another.  There  seem  also  to  be  individual  differences 
in  the  relative  power  of  detecting  the  various  qualities  in  the  several  regions. 
The  sense  is  also  influenced  by  age,  being  greater  in  the  young  than  in  the  old. 

In  testing  taste,  substances  should  be  used  that  do  not  appeal  to  any  other 
sense — colorless  solutions  or  white  powders.  Care  must  be  taken  that  their 
action  is  limited  to  the  spot  examined.  If  powders  are  used,  a  little  time 
must  be  allowed  for  their  solution  by  the  moisture  of  the  mucous  membrane, 
and  slight  friction  facilitates  the  stimulation.  Salt,  sugar,  citric  acid  and 
quinine  answer  very  well ;  in  spite  of  the  slight  volubility  of  solid  quinine", 
its  intense  bitterness  renders  it  readily  perceived.  The  voltaic  current 
affords  a  very  convenient  means  of  examination,  applied  by  two  insulated 
wires  twisted  together,  so  that  their  exposed  ends  are  a  few  millimetres 
apart.  A  current  of  one  or  two  cells  causes  a  metallic  taste  wherever  the 
function  is  intact.  More  cells  should  not  be  used,  because  pain  is  then 
.  produced,  and  obscures  the  sensation.  The  advantage  of  this  test  is  that  it 
influences  directly  the  nerve  endings.  . 

There  is  much  difference  of  opinion  as  to  the  cranial  nerve  or  nerves  that 
subserve  the  sense  of  taste,  and  in  connection  with  which  its  disorder  should, 
therefore,  be  described.  Hardly  any  question  in  physiology  has  been  the 
subject  of  more  discussion  and  of  more  experimental  research.  But,  from 
its  nature,  the  subject  is  one  on  which  experiment  can  give  no  very  certain 
sound,  and  has  far  less  significance  than  observations  on  the  effect  of  disease 
on  man.  It  is  impossible,  here,  to  do  more  than  to  state  the  more  salient 
facts  of  the  latter  class.  Two  separate  questions  are  involved  in  the  problem  : 
first,  the  nerve  roots  by  which  the  taste  fibres  pass  to  the  brain,  and  sec- 
ondly, the  course  of  the  fibres  from  the  mucous  membrane  to  those  roots. 

With  regard  to  the  first  of  these  questions  we  have  two  important  facts. 
First,  taste  has  been  abolished  by  disease  of  the  root  of  the  fifth  nerve. 
There  are  many  observations  of  loss  of  taste  in  the  front  of  the  tongue  from 
this  cause.  One  unequivocal  case  has  been  recorded  by  Erb,  in  which  the 
fifth  nerve  in  the  middle  fossa  was  involved  in  a  mass  of  inflammatory  con- 
nective tissue,  and   the  nerves  of  the  medulla  were   normal.*     In  most  of 

*  Erb,  Neur.  Cent.,  1882,  pp.  73  and  149.     In  a  previous  careful  review  of  the  subject, 
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these  cases,  the  state  of  taste  on  the  back  of  the  tongue  has  not  been  noted. 
In  no  less  than  six  cases  in  which  there  were  symptoms  of  disease  of  the 
root  of  the  fifth  nerve,  either  outside  or  just  within  the  pons,  I  have  found 
taste  abolished  entirely  on  the  corresponding  side,  not  only  on  the  front  of 
the  tongue,  but  also  on  the  back  of  the  tongue  and  on  the  arches  of  the 
palate.*  On  the  other  hand,  cases  have  been  recorded,  and  I  have  seen 
two,  in  which  there  were  symptoms  of  disease  of  the  fifth  nerve,  without 
loss  of  taste.  It  is  probable  that,  in  these  cases,  either  disease  of  the  root 
is  partial  and  the  taste  fibres  escape,  or  else  that  the  disease  is  within  the 
pons,  and  that  the  path  of  the  fibres  for  taste  quickly  separates  from  that  of 
cutaneous  sensibility,  and  so  may  escape  when  the  latter  is  damaged.  The 
latter  hypothesis  receives  strong  support  from  a  case  lately  under  my  care 
in  which  there  were  symptoms  of  a  small  tumor  within  the  pons  near  the 
level  of  origin  of  the  fifth.  In  addition  to  palsy  of  the  conjugate  lateral 
movement  of  the  eyes  to  the  right,  there  was  paralysis  of  the  muscles  of 
mastication  on  that  side,  and  entire  loss  of  taste  on  the  same  side  of  the 
tongue  and  palate,  without  any  impairment  of  cutaneous  sensibility.  This 
case  proves  that  the  path  of  taste  lies  near,  and  may  be  affected  with  the 
motor  fibres  or  nucleus  of  the  fifth,  and  without  the  fibres  for  cutaneous  sen- 
sibility, and  it  indirectly  shows  the  possibility  of  an  affection  of  the  latter 
without  the  path  of  taste.  The  second  fact  is  that  there  is  no  recorded  case 
in  which  the  roots  of  the  glosso-pharyngeal  nerve  have  been  diseased,  and 
indeed  no  case  in  which  there  were  symptoms  of  disease  limited  to  the 
nerve  roots  of  the  medulla,  and  in  which  there  was  any  loss  of  taste. f 
These  two  facts  constitute  strong  evidence  that,  in  man,  the  fibres  for  taste 
reach  the  brain  by  the  roots  of  the  fifth  nerve. 

The  peripheral  path  of  the  taste  fibres  is,  in  part  at  least,  strangely  cir- 
cuitous. It  does  not  admit  of  doubt  that  the  fibres  from  the  front  of  the 
tongue  are  contained  in  the  chorda  tympani,  which  passes  from  the  facial  nerve 
to  the  lingual  branch  of  the  fifth.  Apart  from  the  results  of  experiment,  it 
is  only  thus  that  we  can  explain  the  loss  of  taste  in  the  front  of  the  tongue 


("Handb.  der  Krankh.  der  periph.  Nerven,"  2d.  ed.,  1876,  p.  220)  he  had  come  to  the 
same  conclusion,  that  the  balance  of  evidence  is  in  favor  of  the  passage  of  the  taste  fibres  of 
the  chorda  tympani  to  the  brain  by  the  fifth  nerve.  Schiff  has  arrived  at  the  same  opinion 
from  experiments  on  animals,  and  has  summarized  his  conclusions  in  a  lecture  published  ir> 
the  Revue  Med.  de  la  Suisse  Romande,  1887,  No.  I.  Vulpian  found  the  fibres  of  the  chorda 
degenerated  after  section  of  the  fifth  nerve  within  the  skull,  and  not  after  section  of  the 
facial  [Gaz.  Mid.de  Paris,  1878, No.  19). 

*  One  case,  in  which  there  had  been  loss  of  taste  for  several  years,  with  palsy  of  the  fifth, 
and  afterward  slight  weakness  of  thesixth,  but  no  affection  of  the  facial,  auditory  or  any  other 
nerve,  was  published  in  the  Journal  of  Physiology,  vol.  iii,  188 1.  Since  then  I  have  met 
with  five  other  cases.  In  all  the  loss  was  proved  by  electrical  examination  as  well  as  by  the 
ordinary  tests. 

t  In  a  case  of  fracture  of  the  skull,  and  symptoms  of  injury  to  the  nerves  of  the  medulla, 
with  loss  of  taste,  recorded  by  Lehmann  {P/liiger's  Archiv,  xxxii,  p.  194),  direct  injury  to, 
the  nerves  passing  through  the  petrous  bone  was  the  probable  cause  of  the  symptoms. 
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that  occurs  in  rheumatic  facial  neuritis,  and  in  disease  of  the  middle  ear.* 
Moreover,  that  these  fibres  run  from  the  facial  nerve  toward  the  lingual,  and 
are  distributed  to  the  tongue  with  the  latter,  is  shown  by  the  fact  that 
section  of  the  lingual  for  neuralgia,  below  its  junction  with  the  chorda  tym- 
pani,  has  abolished  taste. f  But  disease  of  the  facial  nerve  within  the  skull 
does  not  impair  taste  ;  hence,  the  fibres  that  reach  the  facial  by  the  chorda 
tympani  must  leave  the  nerve  again,  and.  the  opinion  is  probably  correct 
which  assumes  that  they  pass  from  the  geniculate  ganglion  of  the  facial 
nerve,  by  the  Vidian  nerve,  to  the  spheno-palatine  ganglion.  Thus  again 
reaching  the  fifth  nerve,  they  seem  to  ascend  in  the  second  division  to  its 
root  and  the  brain. J 

Regarding  the  course  of  the  taste  fibres  from  the  posterior  part  of  the 
tongue  and  palate,  we  have  far  fewer  facts.  Indeed,  as  regards  man,  the 
facts  are  practically  limited  to  two  :  the  loss  from  disease  of  the  roots  of 
the  fifth  nerve  already  mentioned,  and  the  curious  fact  that  taste  is  often 
lost  on  the  back  as  well  as  on  the  front  of  the  tongue  in  caries  of  the  middle 
ear.§  The  spheno-palatine  ganglion  supplies  the  mucous  membrane  of  the 
palate  and  its  arches.  Caries  of  the  middle  ear  can  scarcely  influence  more 
than  the  nerves  that  run  through  the  petrous  bone.  How  far  its  effect  is 
due  to  damage  of  the  chorda  tympani  or  to  the  tympanic  plexus,  through 
which  the  glosso-pharyngeal  nerve  is  connected  with  the  otic  ganglion  of 
the  fifth,  we  do  not  know.  It  is  possible  that  taste  fibres  may  be  distributed 
with  the  glosso-pharyngeal,  and  yet  pass  to  the  brain  by  the  tympanic 
plexus  of  the  fifth.  On  the  other  hand,  we  need  more  facts  as  to  the  back- 
ward extent  of  the  loss  of  taste  from  disease  of  the  chorda  tympani.  In 
all  observations  on  taste  it  is  desirable  that  :he  three  regions,  front  of  tongue, 
back  of  tongue,  and  palate,  should  be  specially  tested.  Opportunities  for 
observation  of  the  highest  importance  sometimes  occur  to  surgeons,  and  it 
is  very  desirable  that  they  should  be  utilized. 

The  peripheral  nerve  lesions  that  may  cause  loss  of  taste  have  been  just 
mentioned.  It  may  also  occur,  as  part  of  general  hemianaesthesia,  in  disease 
of  the  cerebral  hemisphere,  and  also,  in  the  same  association,  in  the  func- 

*  Apart  from  the  overwhelming  evidence  that  has  been  accumulated,  a  crucial  observa- 
tion has  been  recorded  by  Urbantschitsch.  In  a  case  of  disease  of  the  membrana  tympani 
and  middle  ear,  causing  loss  of  taste  and  some  diminution  of  tactile  sensibility  in  the 
front  of  the  tongue  on  that  side,  chemical  and  mechanical  stimulation  of  the  chorda  tympani 
produced  sensations  of  taste  and  of  touch  on  the  part  of  the  tongue  in  which  the  sensibility 
was  impaired  {Archiv  f.  Ohrenheilk,,  xix,  p.  135). 

f  Inzani,  Meissner's  Jahresbericht,  1864,  p.  555  ;  Lussana,  Arch,  de  Phys.,  1871,  p. 
152;  Mader,  Cent.f.  med.  Wissensck.,  i8jg,  p.  395. 

J  In  a  case  in  which  there  were  the  symptoms  of  a  lesion  of  the  third  division  high  up, 
above  its  junction  with  the  chorda  tympani,  there  was  no  loss  of  taste  (Erb,  Neur.  Cen/., 
1882,  p.  104). 

\  Urbantschitsch,"  Beob.  tiber  Anomalien  des  Geschmacks  in  Erkrank.  der  Paukenhohle," 
Stuttgart,  1876.  I  have  several  times  satisfied  myself  of  the  occurrence  of  the  loss  of  taste 
in  these  cases. 
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tional  disturbance  of  hysteria.  When  the  loss  is  partial,  the  perception  of 
some  qualities  may  be  more  impaired  than  that  of  others,  but  there  is  never 
such  complete  loss  of  some  perceptions  without  impairment  of  others  as 
could  be  compared  to  color  blindness.  It  is  said  to  be  sometimes  due  to 
local  disease  of  the  mucous  membrane,  but,  on  account  of  the  wide  area  in 
which  this  function  is  subserved,  the  loss  is  probably  never  complete.  The 
evidence  of  the  loss  is  inability  to  perceive  the  qualities  mentioned  on 
p.  641.  Its  treatment  is  chiefly  that  of  the  disease  causing  it.  If  stimulation 
of  the  nerves  is  thought  desirable,  this  can  be  readily  effected  by  the  voltaic 
current.  One  rheophore  may  be  placed  behind  the  mastoid  process,  and  the 
other,  a  fiat  piece  of  metal,  on  the  surface  of  the  tongue.  A  tongue  depres- 
sor, insulated  where  it  comes  in  contact  with  the  lips,  answers  very  well. 

Peniersion  of  the  sense  of  taste,  which  has  been  termed  parageusia,  some- 
times occurs  in  neurotic  maladies,  especially  in  hysteria  and  insanity.  A 
substance  gives  rise  to  some  other  sensation  than  that  which  it  ordinarily 
causes.  The  symptom  is  often  associated  with  morbid  dislike  to  certain 
tastes.  Increased  sensitiveness,  hypergeusia,  is  said  to  be  met  with  occasion- 
ally under  the  same  conditions  as  perversion  of  the  sense,  and  so  also  are 
subjective  sensations  of  taste,  usually  of  an  unpleasant  character.  These  are 
also  met  with  as  a  result  of  irritating  disease  of  the  nerves,  such  as  disease  of 
the  ear,  and  they  have  been  experimentally  produced  by  electrical  stimulation 
of  an  exposed  chorda  tympani.  Such  sensations  sometimes  occur  as  the  aura 
of  an  epileptic  fit,  and  as  part  of  the  hallucinations  of  the  insane.  They 
must,  of  course,  be  distinguished  from  actual  sensations  due  to  abnormal 
buccal  secretions,  and  from  those  due  to  the  presence  in  the  blood  of  sub- 
stances that  can  stimulate  the  gustatory  nerves.  The  various  subjective  sen- 
sations or  perversions  of  taste  scarcely  ever  call  for  special  treatment. 


FACIAL  NERVE. 
The  facial  nerve,  portio  dura  of  the  seventh  pair,  has  a  tortuous  course 
both  within  the  pons  and  through  the  wall  of  the  skull.  Its  deep  origin  has 
been  described  at  p.  486.  At  the  surface  of  the  brain  and  within  the  inter- 
nal auditory  meatus  the  facial  and  auditory  nerves  lie  together  and  suffer 
together  in  disease.  From  the  auditory  meatus  the  nerve  has  a  winding 
course  through  the  temporal  bone,  passing  first  outward  to  the  inner  wall 
of  the  tympanum,  and  then  backward  above  the  foramen  ovale,  to  pass  down 
behind  the  tympanum  to  the  stylo-mastoid  foramen.  It  lies  throughout 
this  course  in  the  bony  "  Fallopian  canal,"  but  the  thickness  of  the  lamina 
which  separates  it  from  the  cavity  of  the  tympanum  varies  in  different  per- 
sons. Moreover,  two  nerves  pass  from  it  into  the  cavity  of  the  tympanum, 
the  small  nerve  to  the  stapedius  muscle,  and  the  chorda  tympani,  which 
leaves  the  facial  a  few  millimetres  above  the  lower  opening  of  the  canal  and 
courses  across  the  upper  part  of  the  tympanic  cavity  and  membrane,  to  pass 
again  through  the  bone  and  join  the  third  division  of  the  fifth.  An  arterial 
twig  also  passes  from  the  canal  into  the  tympanum.     These  connections 
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between  the  canal  and  the  tympanum  are  important,  since  the  nerve  is  often 
damaged  by  disease  of  the  middle  ear.  At  its  bend  in  the  temporal  bone 
is  a  gangliform  enlargement,  the  "geniculate  ganglion,"  from  which  the 
large  petrosal  nerve  passes  (as  the  Vidian)  to  the  spheno-palatine  ganglion  ; 
and,  as  already  stated  (p.  632),  there  is  reason  to  believe  that  most  of  the 
fibres  from  the  chorda  tympani  leave  the  facial  by  the  petrosal  nerve  and 
reach  the  brain  through  the  fifth.  The  gangliform  enlargement  also  receives 
a  twig  from  the  nerve  (small  petrosal)  which  connects  the  otic  ganglion, 
through  the  nerve  of  Jacobson,  with  the  glossopharyngeal.  Outside  the 
skull  the  nerve  gives  branches  to  the  occipital  part  of  the  occipito-frontalis, 
to  the  external  ear,  to  the  stylo-hyoid  and  digastric,  and  then  divides, 
opposite  the  posterior  edge  of  the  masseter,  into  numerous  branches  which 
pass  to  all  the  muscles  of  the  face,  and  to  the  platysma  myoides  beneath  the 
skin  of  the  neck. 

The  path  from  the  facial  nucleus  to  the  cerebral  hemisphere  crosses  the 
middle  line  of  the  pons  above  the  nucleus,  so  that  if  the  face  is  paralyzed  by 
one-sided  disease  above  the  middle  of  the  pons,  the  paralysis  is  on  the  side 
opposite  to  the  lesion,  as  in  ordinary  hemiplegia.  The  further  course  of 
this  path  has  been  described  at  p.  470. 

FACIAL  PARALYSIS. 

Paralysis  of  the  face  results  from  any  interruption  to  the  path  from  the 
cortex  to  the  muscles.  The  character  of  the  paralysis  differs  according  as 
the  disease  involves,  on  the  one  hand,  the  path  above  the  nucleus  (which 
we  may  term  supra-nuclear  palsy)  or,  on  the  other  hand,  the  nucleus  itself 
or  the  fibres  of  the  nerve,  whether  within  the  pons  or  outside  it  [nuclear  and 
infra-nuclear  palsy).  In  the  latter  case  all  parts  of  the  face  are  affected,  the 
orbicularis  palpebrarum  and  frontal  muscle,  as  well  as  the  muscles  of  the 
mouth.  In  the  former  case  the  upper  muscles  of  the  face  are  little  or  not  at 
all  affected,  and  the  muscles  which  go  to  the  angle  of  the  mouth  suffer 
chiefly.  Another  difference  is  that  in  supra-nuclear  paralysis  voluntary 
movements  are  often  more  impaired  than  emotional  movements;  in  nuclear 
and  infra-nuclear  disease  they  suffer  equally  (see  pp.  510  and  513). 

Lastly,  there  is  an  important  difference  between  the  two  forms  in  the 
reaction  of  the  nerve  and  muscles  to  electricity.  In  supra-nuclear  disease 
the  reaction  is  normal,  or  presents  only  a  trifling  change,  which  is  the  same 
to  the  voltaic  and  to  the  induced  current.  Acute  lesions  of  the  nucleus  or 
nerve,  unless  trifling  in  degree,  cause  secondary  degeneration  of  the  fibres 
with  loss  of  all  faradaic  irritability,  and  increase  of  the  voltaic  irritability  of 
the  muscles. 

It  is  customary  to  term  paralysis  from  disease  of  the  nerve  "  peripheral ;  " 
that  from  disease  of  the  nucleus  or  root  fibres  in  the  pons  is  also  sometimes 
termed  peripheral,  because  it  resembles  that  from  disease  of  the  nerve ; 
sometimes  it  is  termed  "central ;  "  paralysis  from  disease  of  the  path  above 
the  nucleus  is  also  sometimes  termed  "  central,"  sometimes  "  cerebral." 
The  latter  term  should  be  used  only  with  the  understanding  that  a  similar 
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paralysis  may  occur  from  disease  of  the  crus  or  upper  part  of  the  pons. 
Paralysis  from  disease  of  the  convolutions  is  termed  "  cortical." 

The  supra-nuclear  palsy  has  been  already  considered  in  the  chapter  on 
hemiplegia;  we  have  now  to  consider  only  that  which  results  from  disease, 
of  the  nucleus  or  the  nerve  fibres.* 

Causes. — (t)  Within  the  pons  the  nucleus  or  root  fibres  may  be  damaged 
by  various  focal  lesions,  usually  in  association  with  the  motor  tract  of  the 
opposite  limbs,  or  with  the  sixth  nerve  of  the  same  side,  round  the  nucleus 
of  which  the  facial  fibres  course  (Fig.  208,  p.  486).  In  very  rare  cases  of 
anterior  poliomyelitis  (infantile  paralysis),  the  facial  nucleus  suffers;  I  have 
seen  one  instance  of  this.  Primary  degeneration  rarely  affects  all  parts  of 
the  facial  nuclei,  but  the  nerve  cells  related  to  the  orbicularis  oris  often, 
degenerate  with  the  connected  cells  for  the  hypoglossal  nerve,  in  chronic 
"  labio-glossal  "  paralysis.  Diphtheritic  palsy  involves  the  face  in  rare 
cases,  and  probably  consists  in  a  subacute  affection  of  the  cells  of  the 
nucleus  and  the  fibres  of  the  nerve. 

(2)  At  the  base  of  the  brain  the  nerve  may  be  compressed  by  tumors  or 
damaged  by  meningitis.     The  auditory  nerve  usually  suffers  with  it. 

(3)  Ear  disease  is  a  common  cause,  especially  in  children.  In  most  cases 
there  is  caries  of  the  bone  and  suppuration  in  the  middle  ear,f  and  the  dis- 
ease of  the  bone  between  the  Fallopian  canal  and  the  tympanum  may  spread 
to  the  nerve.  This  may  be  merely  inflamed,  or  may  be  destroyed  by  the 
spreading  disease.  The  amount  of  ear  disease  that  exists  before  the  facial 
nerve  is  affected  varies  much,  and  the  readiness  with  which  the  nerve  suffers 
doubtless  depends  in  part  on  the  thinness  of  the  protecting  lamina  of  bone. 
It  is  said  that  the  nerve  may  be  paralyzed  when  only  the  lining  membrane 
of  the  tympanum  is  inflamed  and  the  bone  is  not  diseased.  In  such  a  case 
we  must  assume  an  extension  of  inflammation  along  the  chorda  tympani,  the 
nerve  to  the  stapedius,  or  the  arterial  twig  already  mentioned.  It  is,  per- 
haps, by  this  mechanism  that  facial  paralysis  has  sometimes  followed  sore 
throat — simple,  or  such  as  occurs  in  some  acute  diseases.  J  In  one  case 
under  my  care,  the  paralysis  came  on  as  an  attack  of  simple  tonsillitis  was 
passing  away,  and  it  was  followed  by  severe  pain  below  the  ear  for  two 
weeks  ;  taste  was  affected. 

(4)  Injury.  Fracture  of  the  base  of  the  skull  often  passes  through  the 
petrous  bone,  and  the  nerve  may  be  torn  or  bruised.  The  nerve  or  some  of 
its  branches  outside  the  skull  may  be  divided  by  wounds  about  the  ramus  of 
the  jaw,  and  especially  in  operations  for  the  removal  of  tumors  in  the 
parotid  region.  A  simple  blow  on  this  part  may  also  damage  the  nerve. 
An  angry  schoolmaster  struck  a  boy,  with  the  corner  of  a  book,  just  below  the 
ear.     Much  pain  followed  about  the  ear  and  the  side  of  the  head  ;  in  a  day 

*  It  is  often  termed  "  Bell's  paralysis,"  after  Sir  Charles  Bell,  who  first  explained  its  nature, 
fit  is  not,  however,  a  frequent  consequence  of  caries,  although  the  calculation  of  only  I 
per  cent,  made  by  Bezold  is,  perhaps,  too  low.     (Bezold,  "  Labyrinth- Necrose,"  1886.) 
X  Wendt,  Archiv  der  Heilkitnde,  1870. 
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or  two  facial  paralysis  came  on,  complete,  and,  as  it  turned  out,  permanent, 
in  spite  of  all  treatment.  The  blow  cost  the  schoolmaster  a  thousand 
pounds.  Facial  paralysis  is  sometimes,  although  rarely,  caused  during 
instrumental  delivery,  by  the  pressure  of  the  blades  of  the  forceps  on  the 
nerve  over  the  jaw,  and  such  paralysis  has  even  been  produced  on  both 
sides. 

(5)  Neuritis  is  the  cause  of  the  common  facial  paralysis,  due  to  cold,  and 
often  termed  "  rheumatic."  The  majority  of  cases  of  facial  paralysis  seem 
to  be  of  this  nature,  but  very  often  no  special  exposure  to  cold  can  be 
traced.  Nevertheless,  their  characters  are  so  uniform,  allowance  being 
made  for  differences  in  degree,  that  we  are  justified  in  regarding  the  patho- 
logical condition  as  the  same  in  all.  There  is  little  doubt  that  this  condi- 
tion is  a  neuritis  usually  within  the  Fallopian  canal.*  The  inflammation 
probably  affects  chiefly  the  sheath  of  the  nerve,  which  swells  and  compresses 
the  fibres,  expansion  outward  being  prevented  by  the  rigid  bone.  The 
truth  of  the  hypothesis  has,  indeed,  never  been  demonstrated  post-mortem, 
and  for  a  long  time  a  very  different  explanation  was  given.  It  was  supposed 
that  cold  acts  by  paralyzing  the  terminations  of  the  facial  nerve  in  the  mus- 
cles. But  there  is  no  evidence  that  cold  ever  paralyzes  intra-muscular 
nerve  endings,  and  we  know  that  paralysis  of  all  fibres  of  one  nerve  and  of 
no  other  fibres,  always  means  disease  of  the  trunk  of  the  nerve. 

Although  the  anatomical  proof  of  Fallopian  neuritis  as  the  cause  of  the 
common  form  of  facial  paralysis  has  not  been  furnished,  that  proof  has  been 
supplied  in  the  case  of  a  perfectly  similar  paralysis  recorded  by  May.f  The 
patient  was  suffering  from  leucocythaemia,  and  the  nerve  within  the  Fallo- 
pian canal  presented  a  fusiform  swelling  three-tenths  of  an  inch  long,  due  to 
an  infiltration  of  lymphoid  cells,  and  the  nerve  fibres  at  the  spot  were  in 
process  of  destruction. 

In  more  than  half  the  cases  a  special  and  considerable  exposure  to  cold 
can  be  traced  ;  generally  a  draught  of  cold  air  has  blown  on  the  side  of  the 
face  and  head,  as  in  sitting  in  a  railroad  carriage  opposite  an  open  window. 
The  symptoms  usually  commence  within  twenty-four  hours  of  such  exposure. 
In  other  cases  there  has  been  more  or  less  constant  exposure,  as  by  working 
in  a  draughty  shop.  Occasionally  the  sufferer  presents  other  evidence  of 
rheumatism,  especially  of  the  fibrous  tissues,  and  a  liability  to  a  similar 
affection  of  other  nerves,  as  in  cases  mentioned  on  p.  571.  But  many 
of  the  subjects  of  facial  palsy  present  no  other  evidence  of  rheumatism, 
and  the  affection  may  be  an  isolated  event  in  an  otherwise  healthy  life. 
In  some  adult  cases  there  is  a  history  of  gout,  which  may  have  predis- 
posed to  the  disease.  It  is  possible  that  inherited  gout  has  sometimes  an 
influence  in  younger  persons.  The  neuritis  sometimes  arises  by  extension 
from  external  cellulitis ;  in  one  case  the  affection  appeared  distinctly  due 

*It  has  been  conjectured  that  the  inflammation  sometimes  affects  the  nerve  after  its 
emergence,  but  no  evidence  of  this  (e.  g.,  swelling  of  the  nerve)  has  been  noted, 
t  E.  May,  Aerztl.  InteU.  Blatt.,  18S4,  No.  31. 
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to  such  cellulitis,  produced  by  chronic  eczema  of  the  skin  in  front  of  the 
ear,  over  the  place  of  emergence  of  the  nerve.* 

Grouping  together  all  cases  which  may  be  due  to  Fallopian  neuritis 
(excluding  those  that  are  the  result  of  ear  disease  or  syphilis)  they  appear 
to  be  more  common  in  males  than  in  females,  no  doubt  from  the  greater 
exposure  of  the  former.  Of  eighty  cases  of  which  I  have  notes,  50  were 
in  males,  30  in  females.  The  affection  may  occur  at  any  age,  but  is  rare 
under  ten.  Only  two  cases  occurred  in  this  period,  and  each  was  in  the 
second  year  of  life.  It  is  most  common  between  twenty  and  thirty  (19 
cases),  and  is  equally  frequent  in  each  of  the  other  decades  between 
twenty  and  fifty ;  after  fifty  it  becomes  rare,  but  is  occasionally  met  with 
even  in  old  age  (one  case  at  74).  It  occurs  at  all  seasons,  but  is  rather 
more  frequent  in  winter  than  in  summer. 

(5)  Syphilis  is  an  occasional  cause,  but  its  frequency  may  readily  be  over- 
estimated if  the  mere  fact  of  preceding  syphilis  or  of  improvement  under 
iodide  of  potassium,  is  admitted  alone  to  be  evidence  of  nature.  We  are 
only  justified  in  regarding  the  paralysis  as  syphilitic  when  there  is  or  has 
been  other  evidence  of  active  syphilis,  and  when  there  is  no  other  recognizable 
cause;  the  syphilitic  nature  of. the  case  is  more  probable  if  the  nerve  is 
affected  within  the  cranium.  In  many  cases  of  facial  paralysis  in  the  suh- 
jects  of  syphilis  the  paralysis  is  distinctly  excited  by  cold,  and  it  is  probable 
that  the  syphilis  may  have  had  a  predisposing  influence.  The  mechanisms 
by  which  syphilis  causes  facial  paralysis  are  by  meningitis,  by  a  gumma  on 
the  nerve  sheath  or  near  it,  and  probably  also  by  an  interstitial  neuritis. 

(6)  Hemorrhage  into  the  nerve  sheath  or  Fallopian  canal  is  a  rare  cause. 
Fracture  of  the  skull  has  been  thought  to  cause  facial  paralysis  by  this 
mechanism,  but  the  nerve  can  scarcely  escape  direct  damage  from  an  injury 
causing  hemorrhage.  There  are  cases  in  which  facial  paralysis  comes  on  in 
a  few  minutes  and  is  at  once  complete,  and  in  which  there  is  no  indication 
of  any  central  disease.  Such  cases,  of  which  I  have  seen  two,  can  hardly 
be  otherwise  explained  than  by  the  assumption  of  a  hemorrhage  into  the 
Fallopian  canal,  at  once  arresting,  by  its  pressure,  the  conducting  power  of 
the  fibres.  This  is  not  altogether  hypothetical ;  hemorrhage  into  the  canal 
has  been  found  after  death. f 

(7)  Facial  paralysis  has  been  observed  in  rare  cases  of  spinal  disease,  espe-, 
cially  locomotor  ataxy.  Nothing  is  known  of  the  mechanism  by  which 
it  is  produced.  It  is  probably  sometimes  a'  coincident  effect  of  syphilis. 
The  facial  nerve  may  also  be  paralyzed  by  an  islet  of  disseminated  sclerosis 
within  the  pons. 


*  It  has  been  thought  by  some  that  cold  affects  the  facial  nerve  by  causing  a  catarrhal 
inflammation  of  the  middle  ear,  which  spreads  to  the  nerve.  But  this  seems  improbable  when 
we  consider  how  frequent  catarrh  of  the  middle  ear  is  without  facial  paralysis,  and  how  rare 
are  obtrusive  signs  of  tympanic  inflammation  when  the  nerve  is  affected,  and  that  slight 
inflammation  of  the  tympanum  may  well  be  produced  coincidently  with  neuritis  by  cold  with- 
out the  former  being  the  cause  of  the  latter. 

f  Wilks  and  Moxon,  "Path.  Anat,,"  p,  257,  and  Moxon,  Path.  Trans.,  vol.  xx. 
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Double  facial  paralysis  is  rare.  Its  causes  are:  (i)  Disease  of  the  pons 
Varolii ;  possibly  a  lesion  in  the  middle  of  the  pons,  where  the  two  facial 
paths  cross ;  certainly  lesions  on  both  sides  of  the  pons,  such  as  the  bilateral 
softening  that  is  produced  by  disease  of  the  basilar  artery.  (2)  Disease, 
syphilitic  or  other,  of  the  nerves  at  the  base  of  the  brain ;  by  this  usually 
other  nerves  are  also  damaged.  In  one  case  of  this  kind,  in  which  there 
was  .also  simultaneous  paralysis  of  both  auditory  nerves  (not  aural),  the 
onset  occurred  after  exposure  during  sleep  to  a  cold  wind,  but  the  patient 
had  had  syphilis.  (3)  Simultaneous  double  otitis.*  (4)  Diphtheritic  pa- 
ralysis. (5)  Partial  paralysis  (of  the  lips  on  both  sides)  occurs  from  nuclear 
degeneration  in  labio-glossal  paralysis,  or  symmetrical  cortical  lesions. 
Fallopian  neuritis  scarcely  ever  occurs  on  both  sides  simultaneously,  although 
I  have  more  than  once  known  a  second  attack  on  the  other  side  to  occur 
within  a  few  months  of  the  first. 

Symptoms. — In  complete  facial  palsy  the  muscles  of  the  affected  half  of 
the  face  become  toneless  and  immobile.  In  all  movements,  voluntary  or 
emotional,  the  affected  half  of  the  face  is  still.  The  two  sides  of  the  face 
present  a  strange  incongruity,  and  the  smile  or  frown,  deprived  of  half  its 
range,  loses  more  than  half  its  character,  so  that  it  is  difficult  to  recognize 
the  expressional  significance  of  the  distorting  contractions  of  cheek  and 
brow  which  occur  on  the  unaffected  side.  The  influence  of  the  loss  of  tone 
on  the  position  of  the  features  at  rest  differs  according  to  the  age  of  the 
patient ;  the  smooth  features  of  youth  are  largely  moulded  by  the  elasticity 
of  the  skin,  and  are  little  changed  by  the  paralysis  of  the  muscles;  slight 
drooping  of  the  angle  of  the  mouth  may  be  the  only  sign  of  paralysis  during 
rest.  But  it  is  otherwise  when  time  has  scdred  the  face  with  furrows.  These 
are  due  to  the  loss  of  elasticity  of  the  skin,  and  their  position  is  chiefly 
determined  by  the  muscular  tension  that  is  caused  by  and  expresses  the 
dominant  emotion.  With  the  loss  of  this  tension  the  furrows  change  their 
place  or  vanish,  as   the   flaccid 

skin  adjusts  itself  in  obedience IG' 27r- 

to  other  influences  (Fig.  271).  '  '  ~~"  ~ 
The  effect  of  the  age-changes  is 
seen  conspicuously  in  the  fore- 
"  head  and  lower  eyelid.  The 
transverse  furrows  of  the  fore- 
head cease  suddenly  at  the  mid- 
dle line.  In  the  young  the 
lower  eyelid  is  held  by  the  elas- 
ticity of  the  skin  almost  as  close 
to  the  eyeball  as  on  the  unaf- 
fected side.  In  the  old  it  falls 
forward,  and  the  tears,  increased 
by  the  irritation  of  the  unprotected  eye,  cannot  reach  their  proper  duct, 

*  Wright,  Brit.  Med.Journ.,  Feb.  27th,  1869.  A  week  separated  the  onset  of  the  palsy 
on  the  two  sides.     The  patient  was  a  man  aged  sixty-five. 

41 


Facial  paralysis  in  a  man,  aged  sixty-five,  showing' the  influ- 
ence of  the  loss  of  tone  on  the  inelastic  skin-  The  figure 
on  the  right  represents  an  attempt  to  close  both  eyes. 
{From  photographs.) 
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and  the  eye  "waters."  But  in  young  and  old  the  loss  of  movement  is  the 
same.  The  affected  side  takes  no  part  in  frown  or  smile.  The  eyelids  can- 
not be  brought  together ;  in  a  strong  effort  to  close  them  the  eyeball  is 
rolled  upward,  so  that  the  cornea  is  beneath  the  upper  lid,  and  only  the 
sclerotic  is  visible.  The  patient  often  imagines,  ostrich-like,  that  his  eye  is 
shut,  because  the  cornea  is  covered.  During  sleep  the  eye  remains  open. 
The  upper  lid  follows,  in  a  normal  manner,  the  movement  of  the  eyeball, 
since  the  orbicularis  takes  no  part  in  this  descent.  In  the  old  the  lower  lid, 
on  looking  up,  does  not  rise  so  well  as  on  the  other  side,  apparently  because 
the  lid  is  not  kept  in  such  apposition  to  the  globe  as  is  needful  for  the  latter 
to  raise  it.  In  smiling  and  other  movements,  the  mouth  is  drawn  toward 
the  unaffected  side,  the  zygomatic  muscles  being  unopposed  by  their  fellows. 
From  the  displacement  of  the  mouth  the  tongue  is  protruded  to  one  side  of 
the  orifice,  and  thus  may  seem  to  deviate  even  when  it  is  exactly  in  the 
middle  line  of  the  face.  The  lips  cannot  be  pressed  together  on  the  para- 
lyzed side,  and  hence  the  air  cannot  be  so  compressed  within  the  mouth  as 
to  be  expelled  in  a  puff.  The  patient  accordingly  finds  that  he  cannot  blow 
out  a  candle.  In  drinking,  the  liquid  runs  out  of  the  paralyzed  corner  of 
the  mouth,  and  the  patient  has  to  incline  his  head  to  prevent  this.  Whist- 
ling is,  of  course,  impossible,  and  smokers  may  first  discover  the  paralysis  by 
finding  that  the  ejected  saliva  takes  an  inconveniently  erratic  cpurse.  Speech 
is  frequently  a  little  changed  by  the  imperfect  articulation  of  the  labial  con- 
sonants. The  palsy  of  the  buccinator  permits  food  to  get  between  the  teeth 
and  the  jaws,  and  it  is  found  more  convenient  to  chew  upon  the  other  side. 
The  palsy  of  the  stylo-hyoid  and  posterior  belly  of  the  digastric  does  not 
cause  recognizable  symptoms.  The  platysma  myoides  is  paralyzed,  as  may 
be  observed  by  making  the  patient  depress  his  lower  lip,  an  action  in  which 
the  platysma  contracts.  The  dilator  naris  being  inactive,  the  nostril  does 
not  expand  on  sniffing,  and  may  even  yield  to  the  pressure  of  the  air;  smell, 
in  consequence,  is  less  acute  than  on  the  other  side.  The  muscles  of  the 
external  ear  are  also  paralyzed  in  those  persons  in  whom  these  muscles  were 
under  the  influence  of  the  will.  All  reflex  movements  are  of  necessity  lost 
when  the  paralysis  is  due  to  disease  of  the  nerve  fibres  or  their  nucleus,  an 
important  distinction  from  cerebral  palsy,  in  which  they  are  preserved. 

Palate. — It  is  said  that  the  palate  is  sometimes  paralyzed  on  the  same  side' 
as  the  face  from  disease  of  the  facial  nerve,  and  it  has  been  supposed  there- 
fore that  the  levator  palati  is  supplied  by  fibres  which  pass  from  the  genicu- 
late ganglion  of  the  facial,  by  the  large  petrosal  nerve  and  Vidian,  to  the 
spheno-palatine  ganglion.  The  indications  of  the  paralysis  of  the  palate  are 
said  to  be  a  lower  position  on  the  affected  side  than  on  the  other,  an  incli- 
nation of  the  uvula  toward  the  sound  side,  and  deviation  of  the  palate  on 
movement.  My  own  observations  have  led  me  to  entertain  considerable 
doubt  as  to  the  occurrence  of  paralysis  of  the  palate  from  disease  limited  to 
the  facial  nerve,  in  any  part  of  its  course.  I  have  noted  the  condition  of 
the  palate  in  more  than  a  hundred  cases  of  facial  paralysis,  due  to  disease 
of  the  nerve  in  various  situations,  and  found  in  only  one  of  them  evidence 


FACMAL   NERVE.  651 

of  paralysis,  and  this  was  on  the  side  opposite  to  the  palsy  of  the  face. 
Deviation  of  the  uvula  was  occasionally  observed,  but  its  inclination  was  as 
frequently  from  as  toward  the  paralyzed  side.  This  has  been  noted  by 
others,  who  have  expended  considerable  ingenuity  in  explaining  the  differ- 
ence of  position  on  the  hypothesis  of  unilateral  palsy.  But  obliquity  of  the 
uvula  is  not  uncommon  in  those  who  present  no  facial  palsy,  and  sometimes 
is  considerable  in  degree.  I  have  seen  the  uvula  like  the  quadrant  of  a 
circle  in  a  patient  who  was  suffering  from  no  nervous  disease.  That  this  is 
the  true  explanation  of  the  obliquity  observed  in  most  cases  of  facial  paraly- 
sis seems  certain  from  the  fact  that  (with  one  exception,  to  be  referred  to 
presently)  the  two  sides  of  the  uvula,  on  movement,  contracted  equally,  and 
the  obliquity  at  once  disappeared,  even  in  the  cases  in  which  it  was  most 
marked.  This  fact  absolutely  excludes  paralysis  as  a  cause  of  the  deviation. 
A  difference  in  the  height  of  the  arches  of  the  palate  was  observed  in  a  few 
cases,  but  that  on  the  side  of  the  palsy  was  the  higher  in  some  cases,  the 
lower  in  others ;  in  no  case  was  there  a  difference  of  movement,  and  in 
every  case  the  difference  in  height  persisted  unchanged  after  the  facial  nerve 
had  recovered.  The  exception  to  the  equality  of  the  movement  of  the 
uvula  was  a  case  of  facial  paralysis  from  cold,  in  which  the  deviation  of  the 
uvula  toward  the  unaffected  side  was  increased  on  movement,  but  other 
symptoms  rendered  the  case  complex.  I  think  that  these  facts  justify  the 
conclusion  that  the  paralysis  of  the  palate  is  a  much  rarer  accompaniment 
of  facial  palsy  than  is  commonly  assumed,  and  that  further  observations  are 
necessary  to  determine  its  significance.*  The  best  established  fact  regarding 
paralysis  of  the  palate  is  that  it  is  produced  by  disease  at  the  side  of  the 
medulla,  damaging  the  hypoglossal  and  spinal  accessory  nerves. 

Taste. — In  disease  of  the  facial  nerve  between  the  origin  of  the  chorda 
tympani  and  the  geniculate  ganglion,  taste  is  lost  in  the  anterior  part  of  the 
tongue  on  the  affected  side.  It  is  not  lost  when  the  lesion  is  in  the  root  of  the 
facial  nerve,"f  or  of  the  nerve  fibres  within  the  pons.  It  is  lost  in  about 
half  the  cases  of  paralysis  from  cold,  doubtless  because  the  neuritis  extends 
in  the  canal  to  the  origin  of  the  chorda.  When  the  nerve  is  damaged  out- 
side the  skull,  taste  is  generally  unaffected  ;  the  exceptions  are  probably 
due  to  an  ascending  neuritis.  The  affection  of  taste  may  persist  after  the 
paralysis,  or  pass  away  before  it.  Sensation  in  the  face  is  unaffected,  but 
I  have  several  times  found  an  area  of  anaesthesia  on  the  front  and  back  of 
the  concha,  in  the  region  of  skin  supplied  by  a  nerve  given  off  by  the  facial 
as  it  emerges,  and  which  is  probably  derived  from  the  fifth  nerve. 

*  Dr.  Hughlings  Jackson  has  also  stated  that  he  has  never  seen  paralysis  of  the  palate 
due  to  disease  of  the  facial  nerve  [Lancet,  April  2d,  1887).  He  made  this  remark  in  con- 
nection with  an  instructive  case  of  paralysis  of  the  face  and  palate,  which  at  first  sight  seemed 
to  prove  the  association,  but  further  investigation  showed  conclusively  that  the  palsy  of  the 
face  was  of  cerebral  origin. 

f  Certain  recorded  cases  of  disease  of  the  root  and  loss  of  taste,  opposed  as  they  are  to  the 
usual  rule,  are  explicable  on  the  assumption  that  the  descending  degeneration  was  attended, 
as  it  sometimes  is,  by  descending  neuritis,  and  that  this  invaded  the  taste  fibres  at  or  below 
the  geniculate  ganglion. 
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Fig. 


Hearing  is  often  impaired  in  cases  of  facial  paralysis.  In  most  cases  the 
impairment  is  due  to  preceding  ear  disease,  which  has  caused  the  affection 
of  the  facial  nerve.  Less  commonly  the  two  symptoms  are  the  effect  of  the 
same  cause ;  the  facial  and  auditory  nerves  may  be  affected  together  by 
basal  disease,  or  the  cold  that  produces  a  Fallopian  neuritis  may  also  set  up 
a  catarrh  of  the  middle  ear.  Tinnitus  often  attends  the  onset  of  facial  palsy 
from  cold.  In  consequence  of  the  palsy  of'  the  stapedius,  the  tensor  tym- 
pani,  being  unopposed,  often  increases  the  sensitiveness  of  the  ear  to 
musical  notes,  especially  to  those  of  low  tone,  and  the  auditory  hyperes- 
thesia may  be  distressing.  A  subjective  high-pitched  sound  has  been 
referred  to  the  same  cause. 

The  electrical  reactions  in  facial  paralysis  are  those  characteristic  of 
peripheral  palsies — the  degenerative  reaction  fully  described  on  page  66. 
The  charts  there  given  are  from  cases  of  disease  of  this  nerve.  In  a  severe 
case  the  nerve  rapidly  loses  its  irritability  to  faradaic  and  voltaic  stimulation, 

and  this  may  be  extinct  in  the 
course  of  ten  days  or  a  fortnight. 
In  slighter  cases  the  irritability  of 
the  nerve  is  lowered,  but  not  lost ; 
a  strong  current  still  excites  it.  In 
most  cases  the  fall  in  irritability 
does  not  commence  for  three  or 
four  days  after  the  onset  of  the 
paralysis,  and  in  slight  cases  may 
be  delayed  for  a  week  or  ten  days. 
During  the  first  few  days  an  in- 
crease of  irritability  may  often  be 
found,  preceding  the  diminution. 
In  extremely  slight  disease  of  the 
nerve,  I  have  several  times  found 
an  increase  corresponding  to  that 
„.  . . ,  .,       ,   .    ,  ,.        .    ,.,,,,     ,.   which  precedes  the   fall    in  severe 

Right  facial  paralysis,  due  to  ear  disease  in  childhood;  r 

simultaneous  faradisation  of  both  facial  nerves.  {From    cases     but    followed    by  nO    diminU- 
a  photograph.)  '  3 

tion.  This  initial  increase  is  usually 
the  same  to  both  forms  of  electricity,  but  it  is  often  more  marked  to  the 
isolated  faradaic  shock  than  to  the  serial  current.*  In  the  muscle  the  initial 
increase  may  also  be  recognized,  and  depends  on  changes  in  the  intra- 
muscular nerve  fibres.  This  increase  is  followed  by  a  gradual  fall  in  the 
faradaic  irritability  of  the  muscles,  corresponding  in  degree  to  that  of  the 
nerve,  and  due  to  the  fact  that  the  faradaism  only  stimulates  the  muscles 
through  the  intramuscular  nerve  endings.  With  this  loss  of  faradaic  irrita- 
bility, that  to  the  voltaic  current  is  preserved  and  increased ;    to  it  the 

*  It  is  said  ftiat  in  the  slightest  cases  there  may  be  no  change  in  irritability,  and  the  statement 
is  doubtless  true.  But  in  the  cases  that  I  have  seen  in  which  the  irritability  to  both  cur- 
rents was  normal,  I  have  seldom  failed  to  find  a  distinct  increase  of  irritability  to  the  isolated 
induction  shock. 
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muscle  fibres  themselves  respond,  and  respond  with  undue  readiness,  so  that 
they  contract  with  a  weaker  current  than  is  required  by  the  muscles  of  the 
unaffected  side.  The  form  of  response  to  increasing  currents  is  often  (but 
by  no  means  always)  changed,  and  instead  of  i  KCC  ;*  2  ACC,  AOC  ;  3 
KOC,  we  may  have  such  order  as  the  following,  which  I  take  from  my  notes 
of  actual  cases.  1  KCC  =  ACC ;  2  AOC  ;  3  KOC,  or  1  ACC  ;  2  KCC, 
AOC  ;  3  KOC,  or  1  KCC,  AOC  ;  2  ACC  ;  3  KOC.  A  continuous  con- 
traction (tetanus)  is  also  readily  produced  during  the  passage  of  the  current, 
as  in  1  KCC  ;   2  ACC  =  KC  Tet.;  3  AC  Tet. 

With  the  recovery  of  the  nerve  the  irritability  of  nerve  and  muscle  slowly 
returns  to  the  normal,  but  the  nerve  fibres  often  recover  some  conducting 
power  (J.  <?. ,  the  paralysis  lessens)  before  they  regain  their  local  excitability. 
For  a  long  time  this  remains  below  the  normal.  The  muscles  lose  their  ex- 
cessive degree  of  irritability  before  the  order  of  response  becomes  normal. 

In  rare  cases,  the  reaction  in  nerve  and  muscles  is  that  of  the  mixed  form 
("  middle  form."  Erb),  in  which,  with  only  slight  diminution  in  the  irrita- 
bility of  the  nerve,  the  muscles  present  the  increased  and  qualitative  change 
characteristic  of  degeneration.  The  varieties  in  the  course  of  the  reactions 
are  illustrated  in  the  charts  on  pp.  68-70  (Figs.  33-38). 

The  electrical  reaction  presented  by  one  muscle,  the  orbicularis  oris, 
merits  special  attention.  The  muscle  sometimes  illustrates  in  a  striking  way 
the  increased  but  slow  muscular  response  to  the  voltaic  current  which  results 
from  nerve  degeneration.  The  voltaic  current  diffuses  itself  widely ;  ap- 
plied to  the  angle  of  the  mouth  on  the  unaffected  side  the  closure  of 
the  circuit  causes  a  quick,  sharp  contraction  in  the  normal  half  of  the 
orbicularis,  distinctly  followed  by  a  slower  contraction  on  the  paralyzed 
side.  If  the  strength  of  the  current  be  then  reduced  until  it  is  too  small  to 
cause  contraction  in  the  normal  muscle,  it  may  still  cause  the  sluggish 
contraction  on  the  opposite,  paralyzed,  side.  This  has  been  mistaken  for  a 
reflex  contraction ;  it  is  no  doubt  the  result  of  the  diffusion  of  the  current. 

In  cases  in  which  the  paralysis  of  the  face  remains  absolute,  the  paralyzed 
half  of  the  orbicularis  usually  regains  a  little  power.  This  is  doubtless  due 
to  the  fact  that,  the  muscle  being  circular,  the  two  halves  are  continuous, 
and  the  nerve  influence  from  one  side  extends  beyond  the  middle  line.  It 
is  indeed  probable  that  the  nerves  of  the  two  sides  join,  and  some  regenera- 
tion from  the  sound  side  may  be  possible.  I  have  occasionally  found,  in 
old-standing  cases,  otherwise  complete,  that  faradaism  applied  to  either  angle 
of  the  mouth  caused  contraction  of  the  whole  of  the  orbicularis,  a  fact 
difficult  to  explain  on  any  other  hypothesis  than  that  of  nerve  regeneration 
from  the  healthy  side. 

Muscular  wasting  follows  the  nerve  degeneration  in  the  face  as  elsewhere, 
and  in  those  who  have  but  little  subcutaneous  fat  the  loss  of  tissue  may  be 
perceptible.  But  in  most  cases  the  atrophy  is  not  revealed  by  any  change  in 
the  contour  of  the  face,  because  the  thin  muscles  constitute  but  a  small  part 

*  KCC,  kathodal  closure  contraction ;  KOC,  kathodal  opening  contraction ;  Tet.,  tetanic 
contraction  (see  p.  67). 
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of  the  subcutaneous  tissues,  and  the  nutrition  of  these  is  unaffected.     True 
facial  hemiatrophy  never  results  from  disease,  of  the  facial  nerve. 

The  loss  of  the  protective  movements  of  the  eyelids  exposes  the  con- 
junctiva to  various  irritant  influences,  but  inflammation  rarely  results.  The 
increased  secretion  of  tears,  although  a  source  of  annoyance  to  the  patient, 
doubtless  supplements  the  defective  action  of  the  lids  in  removing  foreign 
particles.  In  the  old  .there  is  occasionally  a  slight  conjunctivitis  of  the 
lower  lid,  induced  by  the  exposure  which  is  the  consequence  of  its  recession 
from  the  eyeball  (see  p.  649).  I  have  once  known  a  small  ulcer  to  form  on 
the  cornea,  but  it  quickly  healed. 

The  characters  of  the  facial  palsy  are  not  influenced  by  either  the  seat  or 
character  of  the  disease  of  the  nerve.  In  partial  lesions. some  fibres  may 
suffer  more  than  others,  with  a  corresponding  variation  in  the  relative  degree 
of  paralysis  in  the  several  parts  of  the  face.  But  paralysis  due  to  disease 
of  the  nucleus  presents  an  important  difference  from  that  which  is  produced 
by  disease  of  the  nerve  trunk.  The  fibres  for  the  orbicularis  oris  are 
dissociated  from  the  other  facial  fibres  in  their  nuclear  origin,  and  are  con- 
nected with  the  fibres  for  the  tongue  ;  the  two  suffer  together  in  nuclear 
degeneration  (labio-glossal  paralysis).  On  the  other  hand,  in  the  case  of 
facial  palsy  from  nuclear  inflammation  (part  of  infantile  paralysis),  the 
orbicularis  oris  had  escaped  entirely,  although  the  rest  of  the  face  was 
absolutely  paralyzed.'1' 

Certain  concomitant  symptoms  occasionally  attend  the  onset  of  facial 
paralysis,  and  are  due,  for  the  most  part,  to  the  cause  of  the  nerve  lesion. 
In  neuritic  cases,  pain  about  the  ear  is  very  common,  and  may  be  felt 
for  several  days  before  and  after  the  onset.  It  sometimes  extends  over 
the  whole  of  the  corresponding  side  of  the  head.  A  little  swelling  in 
front  of  the  ear  may  often  be  found,  if  looked  for,  in  the  early  stage  ;  it 
is  sometimes  considerable  and  extensive.  Auditory  symptoms  have  been 
already  mentioned.  In  one  case  the  patient  complained,  at  the  onset  of 
the  paralysis,  of  a  phosphorus-like  taste  in  the  back  of  the  tongue,  explica- 
ble, on  the  hypothesis  stated  at  p.  649,  by  irritation  of  the  nerve  of 
Jacobson  or  the  tympanic  plexus.  Slight  giddiness  not  unfrequently 
attends  the  onset,  and  may  be  due  to  a  disturbance  of  the  labyrinth ;  it 
is  not  due  to  paralysis  of  the  stapedius.  Sometimes  the  giddiness  is  intense, 
especially  when  there  is  disease  within  the  skull,  probably  from  injury  to  the 
nerve  fibres  from  the  semicircular  canals,  or  to  the  middle  peduncle  of  the 
cerebellum.  In  some  cases  there  are  the  signs  of  more  wide-spread  disturb- 
ance, nervous  or  general,  from  the  exposure  to  cold  that  causes  the  paralysis; 
besides  severe  neuralgia,  I  have  met  with  transient  dilatation  of  the  pupil 
and  derangement  of  the  movements  of  the  eyeball  on  the  same  side,  general 
febrile  disturbance,  and  transient  albuminuria. 

Course. — The  onset  of  facial  paralysis  is  usually  rapid  but  rarely  sudden. 


*  The  connection  between  the  fibres  for  the  orbicularis  oris  and  the  tongue  is  very  close 
(see  note  on  p.  487). 
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The  palsy  commonly  reaches  its  height  in  from  four  hours  to  two  days. 
Sometimes  the  affection  comes  on  during  the  night. 

Its  duration  varies  according  to  the  degree  and  character  of  the  nerve 
lesion.  This  may  be  severe  from  any  cause,  but  the  most  trifling  as  well  as 
the  most  severe  cases  are  met  with  from  cold  and  ear  disease,  especially  from 
the  former.  In  the  slightest  form  the  paralysis  may  last  only  for  a  week  or 
ten  days.  Often  the  affection  lasts  for  several  months.  Two  or  three 
months  is  the  average  duration  in  cases  of  moderate  severity.  Those  of 
greater  degree  last  for  six  or  eight  months,  and  it  is  very  common  for  the 
ultimate  recovery  to  be  incomplete.  Indeed,  whenever  there  is  nerve 
degeneration,  some  trace  of  the  paralysis  usually  remains,  sometimes  to  be 
seen  only  on  close  scrutiny.  In  rare  cases  no  recovery  takes  place ;  the 
paralysis  remains  absolute. 

Secondary  Over-action. — In  all  severe  cases,  some  muscular  contracture 
comes  on,  usually  as  voluntary  power  returns.  When  the  palsy  remains 
absolute,  the  contracture  is  absent ;  the  muscles  remain  toneless.  The  first 
trace  of  contracture  usually  manifests  itself  about  four  or  six  months  after 
the  onset  of  the  paralysis  ;  it  slowly  increases  for  eight  or  twelve  months, 
and  then  remains  stationary  or  lessens.  It  is  most  marked,  at  rest,  in  the 
zygomatic  muscles,  and  reproduces  the  lost  naso-labial  wrinkle,  often  in 
deeper  degree  than  on  the  other  side,  so  that,  on  looking  at  the  face,  the 
first  impression  is  that  the  healthy  side  is  the  weaker.  The  impression  may 
seem  to  be  confirmed  by  a  slight  movement  of  the  face,  for  this  is  more 
marked  on  the  affected  side  than  on  the  other.*  But  if  the  movement  is 
considerable,  the  side  that  moved  first  is  seen  to  move  much  less  than  the 
other.  With  this  contracture  is  constantly  combined  a  tendency  to  associated 
over-action.  A  smile  is,  in  health,  accompanied  by  a  slight  contraction  in 
the  orbicularis  palpebrarum,  and 
this  contraction  is  increased  on 
the  affected  side,  so  that  the  eye 
may  almost  close.  Conversely, 
when  the  eyes  are  closed  by  a 
strong  contraction  of  the  orbic- 
ularis, the  zygomatici  on  the 
affected  side  over-act  and  draw 
outward  the  angle  of  the  mouth 
(Fig.  273).  The  contractions 
may  also  be  readily  excited  by 


Fig.  273. 


reflex  action  through  the  fifth 
nerve.  In  many  cases  another 
symptom  is  added  after  a  time — 
spontaneous  twitchings,  isolated 
spasmodic   contractions,    recur- 


Old  paralysis  of  the  right  side  of  the  face,  late  contracture 
and  associated  over-action.  The  figure  on  the  leit  shows 
an  attempt  to  raise  the  upper  lip  ;  that  on  the  right  closure 
of  the  eyes.  In  the  latter  it  is  seen  that  while  the  patient's 
right  eye  is  closed  less  firmly  than  his  left,  the  naso-labial 
furrow  is  rendered  much  deeper  on  that  side  by  the  asso- 
ciated over-action  of  the  zygomatici.  {From  photographs .) 


*  It  is  possible  that  there  is  not,  as  there  seems,  an  undue  initial  movement,  but  that  the 
,-previous  contracture  renders  the  effect  of  an  equal  voluntary  contraction  more  conspicuous  on 
the  affected  side. 
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ring  at  irregular  intervals,  and  affecting  chiefly  the  zygomatici.  These 
various  spasmodic  symptoms  are  often  considerable  when  the  amount  of 
regained  power  is  slight. 

The  effect  of  the  muscular  contracture  on  the  aspect  of  the  face  at  rest 
varies  according  to  the  age  of  the  patient,  in  a  manner  opposite  to  the  effect 
of  the  palsy.  In  the  old,  it  reproduces  the  lost  naso-labial  furrow,  and 
restores  the  symmetry  to  the  lower  face.  In  the  young,  it  develops  a  fur- 
row that  has  no  counterpart  on  the  other  side,  and  so  adds  a  deformity  at 
rest  to  the  distortion  during  movement,  and  is  a  source  of  annoyance 
scarcely  less  than  the  original  palsy.  The  condition  is  very  persistent. 
When  slight,  and  succeeding  a  trifling  paralysis,  it  may  pass  away  in  time, 
but  when  considerable,  and  after  a  severe  paralysis,  it  usually  lasts  unchanged 
for  years,  and  although  it  may  subsequently  lessen,  it  rarely  passes  away 
entirely.  It  has  been  attributed  to  the  use  of  electricity  in  the  treatment  of 
the  palsy  ;  faradaism  and  voltaism  have  both  been  blamed,  but  the  contrac- 
ture and  over-action  develop  in  as  marked  degree  in  patients  who  have  not 
had  electrical  treatment  as  in  those  who  have. 

Second  attacks  of  facial  paralysis  are  rare.  I  have  notes  of  only  five 
instances.  In  two  the  second  attack  was  on  the  same  side.  In  each  the  first 
attack  was  slight.  The  second  attack  in  one  case  was  four  years,  in  the 
other,  two  months  after  the  first.  In  the  latter  case  it  was  distinctly  excited 
by  a  fresh  exposure  to  cold.  In  three  other  cases  the  second  attack  was  on 
the  other  side  of  the  face.  I  have  also  twice  known  a  slight  facial  paralysis, 
which  was  improving,  to  relapse. 

Pathology. — The  evidence  of  the  nature  of  these  cases  has  been  already 
stated,  and  the  minute  changes  in  the  nerves  in  such  disease  have  been 
previously  described. 

The  exact  cause  of  the  late  over-action  and  spasm  is  uncertain.  The  con- 
tracture always  coincides  with  some  recovery  of  power;  in  a  case  of  absolute 
and  lasting  paralysis  there  is  no  contracture.  Since  the  associated  over- 
action  and  the  clonic  spasm  accompany  the  contracture,  it  is  reasonable  to 
refer  all  to  the  same  cause.  It  is,  on  the  whole,  probable  that  they  are  due 
to  changes  in  the  facial  nucleus  induced  by  the  long-continued  interruption 
of  the  nerve,  and  constant  stimulation  of  the  centre  by  efforts  to  move  the 
face.  The  resistance  between  the  cells  becomes  lessened,  so  that  they  act 
with  undue  readiness  on  each  other,  and  on  the  fibres.  Their  tonic  influ- 
ence on  the  muscles  is  increased,  the  action  of  one  part  of  the  nucleus 
spreads  too  widely  through  it,  and  the  cells  are  liable  to  spontaneous  dis- 
charge.* 

Diagnosis. — The  existence  of  facial  paralysis  is  only  too  conspicuous. 
When  the  face  has  partly  recovered,  but  is  the  seat  of  late  contracture,  it  is 

*  This  hypothesis  is  essentially  the  same  as  that  put  forward  by  Jacobi  ("  Inaug.  Diss.," 
Marburg,  1877)  in  regard  to  a  case  of  similar  spasm  after  palsy  of  the  nerves  of  the  arm. 
Hitzig  has  suggested  that  the  disease  of  the  nerve  leads  to  a  state  of  "  irritation  "  in  the 
centre. 
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easy  to  mistake  the  side  affected,  unless  attention  is  paid  to  the  strength  of 
contraction,  and  the  significance  of  the  associated  over-action  is  remem- 
bered. A  mistake  is  sometimes  facilitated  by  an  impression  which  patients 
are  apt  to  have,  that  the  smooth,  unwrinkled  half  of  the  face  is  natural,  and 
that  the  side  which  is  distorted  by  movement  is  unnatural.  No  reliance 
can  be  placed  on  the  statements  made  by  patients  or  their  friends  as  to  the 
side  affected. 

The  distinction  of  paralysis  due  to  disease  of  the  nerve  fibres  from  that 
due  to  disease  of  the  motor  tract  from  the  hemisphere  (infra-nuclear  and 
supra-nuclear  palsy)  rests  especially  on  the  distribution  of  the  paralysis,  as 
stated  on  p.  513.  The  most  important  guide  is  the  condition  of  the  eyelids. 
If  there  is  such  persistent  paralysis  of  the  eyelids  that  they  cannot  be  per- 
fectly closed,  the  lesion  is  probably  in  the  nucleus  or  nerve  fibres.  Cortical 
disease  may,  for  a  few  days,  paralyze  the  orbicularis,  but  this  condition  is  dis- 
tinguished by  another  important  indication — that  an  emotional  smile  is  less 
impaired  by  cerebral  disease  than  is  voluntary  movement ;  in  disease  of  the 
nerve  the  two  are  equally  affected.  In  the  latter,  reflex  action  is  lost,  in  the 
former  it  is  unchanged. 

In  nuclear  and  infra-nuclear  disease  the  reaction  of  degeneration  is  found 
in  the  nerves  and  muscles  ;  in  lesions  of  the  facial  path  above  the  nucleus 
the  reaction  is  normal  or  nearly  so.  Thus  the  degenerative  reaction  is  proof 
of  a  lesion  in  the  nucleus  or  nerve,  but  a  normal  or  nearly  normal  reaction 
does  not  prove  that  the  disease  is  above  the  nucleus,  since  it  occurs  also  in 
very  slight  lesions  of  the  nerve. 

The  further  diagnosis  of  the  seat  of  the  lesion  in  the  nerve  rests  on  the 
associations  of  the  paralysis.  If  no  nerve  except  the  facial  is  affected,  and 
taste  is  unimpaired,  the  lesion  is  probably  either  outside  the  skull  or  in  the 
lowest  part  of  the  Fallopian  canal.  If  taste  is  lost  on  the  front  of  the 
tongue,  the  lesion  is  in  the  canal,  and  involves  the  nerve  between  the 
geniculate  ganglion  and  the  origin  of  the  chorda  tympani.  It  does  not, 
however,  prove  that  the  disease  began  in  this  part ;  disease  may  spread 
to  the  chordal  region.  Paralysis  of  the  palate  is  generally  thought  to 
show  disease  of  the  geniculate  ganglion  or  nerve  above  it,  but  this  indica- 
tion needs  further  investigation.  Slight  deafness  is  of  little  localizing  value ; 
complete  deafness,  without  ear  disease,  coming  on  at  the  same  time  as  the 
paralysis  of  the  face,  indicates  disease  in  the  internal  auditory  meatus  or  at 
the  base  of  the  brain,  commonly  the  latter,  since  disease  within  the  meatus 
is  extremely  rare.  Paralysis  of  the  facial  and  sixth,  without  the  auditory,  is 
probably  due  to  disease  in  the  posterior  part  of  the  pons,  where  the  facial 
fibres  curve  round  the  nucleus  of  the  sixth  nerve.  It  is  possible,  however, 
as  I  have  seen,  for  the  sixth  nerve  to  be  paralyzed  by  a  simultaneous  rheu- 
matic neuritis.  If  the  orbicularis  oris  is  quite  unaffected,  and  all  other  parts 
of  the  nerve  are  paralyzed,  the  facial  nucleus  is  diseased ;  if  the  orbicularis 
only  is  paralyzed  and  the  rest  of  the  face  is  free,  the  disease  is  in  the  neigh- 
borhood of  the  hypoglossal  nucleus,  and  the  tongue  is  almost  certain  also  to 
be  involved. 
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Prognosis. — The  cause  of  the  paralysis  is  of  less  prognostic  significance 
than  are  its  characters.  The  chief  etiological  indication  is  that  the  prog- 
nosis is  good  in  pure  syphilitic  cases,  in  the  paralysis  from  pressure  during 
birth,  and  (if  the  patient  lives)  in  para'lysis  after  diphtheria.  It  is  said  to  be 
better  in  ear  disease  if  the  tympanum  is  not  perforated  (Dalby),  probably 
because  perforation  is  almost  invariable  when  there  is  bone  disease.  But  in 
ear  disease  and  all  other  causes,  cases  of  slight  and  severe  character  are  met 
with,  and  the  prognosis  must  be  mainly  founded  on  the  electrical  reaction. 
It  is  true  that  signs  of  improvement,  and  its  rate,  may  enable  an  estimate 
to  be  formed  of  the  likelihood  of  recovery,  and  of  the  probable  duration  of 
the  affection.  But  if,  as  is  often  the  case,  there  is  no  recovery  of  power 
when  we  have  to  form  an  opinion,  we  should  have  no  prognostic  guide  were 
it  not  for  the  information  electricity  affords  us.  By  its  means  we  can  ascer- 
tain the  state  of  function  of  the  nerve  fibres  and  infer  the  state  of  their 
nutrition,  and  thus  we  can  gain  more  information  than  even  the  microscope 
could  supply.  If  at  the  end  of  ten  days  the  irritability  of  the  nerve  is  not 
below  the  normal,  the  face  will  probably  be  well  in  a  few  weeks.  If,  on  the 
other  hand,  at  the  end  of  a  fortnight  the  irritability  of  the  nerve  is  absolutely 
lost,  the  paralysis  will  certainly  last  for  several  months.  If,  at  the  end  of  a 
fortnight,  the  nerve  irritability,  although  lowered,  is  not  lost,  recovery  will 
probably  occur  in  about  two  months.  Between  these  forms,  intermediate 
gradations  of  severity  occur,  for  which  the  prognosis  must  be  correspond- 
ingly modified.  When  the  faradaic  irritability  has  been  absent  for  some 
weeks,  any  return  of  excitability  in  the  nerve  fibres  indicates  a  speedy  return 
of  some  power  in  them. 

Treatment. — The  first  element  in  treatment  is  to  arrest  and  remove,  as 
far  as  possible,  the  morbid  process  that  is  damaging  the  nerve.  If  there  is 
even  a  possibility  that  this  ma}'  be  syphilitic,  iodide  of  potassium  should  be 
given,  and  if  there  is  no  speedy  improvement,  mercury  should  be  added. 
If  there  is  ear  disease,  free  exit  for  any  discharge  should  be  secured.  When 
exposure  to  cold  is  the  apparent  cause,  or  in  similar  cases  in  which  no  cause 
can  be  traced,  if  the  paralysis  has  existed  for  a  few  days  only,  fomentations 
should  be  applied  to  the  region  in  front  of  and  below  the  ear,  as  hot  as  can 
be  borne,  for  half  an  hour,  and  repeated  every  three  hours  for  two  or  three 
days.  In  all  cases,  except  those  of  very  trifling  degree,  a  blister  should  be 
applied  behind  the  ear,  over  the  mastoid  process,  if  the  nerve  is  diseased  in 
the  canal,  or  on  the  side  of  the  occiput  if  it  is  at  the  base  of  the  brain.  In 
rheumatic  cases,  the  patient  should  take  a  smart  purge  and  avoid  alcohol. 
An  alkaline  diuretic  mixture  (bicarbonate  of  potash,  or  acetate  of  ammonia, 
and  nitric  ether)  may  be  given  at  the  onset.  If  there  is  evidence  of  general 
rheumatic  catarrh,  a  hot  bath,  or  better  still,  free  diaphoresis,  may  be 
employed.  It  is  important  that  the  patient  should,  if  possible,  keep  indoors. 
If  this  is  impossible,  the  side  of  the  head  should  be  protected.  Subsequently 
the  blister  may  be  repeated,  and  small  doses  of  iodide  of  potassium  may  be 
given,  with  quinine  and  strychnine. 

There  is  no  evidence  to  show  that  electricity  has  any  influence  over  the 
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process  of  nerve  degeneration  or  recovery.  But  the  voltaic  current  excites 
the  muscles  to  contraction  when  they  are  otherwise  absolutely  inert.  It  is 
reasonable  to  conclude  that  such  functional  stimulation  of  the  muscles 
helps  to  keep  up  their  nutrition.  The  nerve  fibres  may  recover  functional 
power  after  months  of  interruption.  During  this  time  the  muscles,  left 
alone,  undergo  partial  atrophy,  and  it  is  probable  that  this  is  less  if  galvan- 
ism has  been  sedulously  employed.  If  a  case  has  not  been  galvanized,  after 
several  months  of  absolute  paralysis  scarcely  any  contraction  may  be 
obtained  the  first  time  the  current  is  applied,  but  after  a  few  applications  the 
muscles  may  respond  vigorously,  and  it  sometimes  happens  that  the  first 
indication  of  returning  voluntary  power  follows  such  a  "waking  up"  of  the 
muscles.  The  positive  electrode  should  be  placed  below  the  zygoma,  and 
the  negative  stroked  along  the  course  of  the  muscles,  along  the  zygomatici, 
the  orbicularis,  in  the  upper  and  lower  lip,  the  levator  anguli  oris,  across 
the  frontalis  and  the  eyelids,  the  upper  eyelid  being  lowered.  The  strength 
used  should  be  the  minimum  to  which  the  muscles  will  respond  ;  usually 
from  four  to  eight  cells  of  an  active  battery  are  sufficient,  the  current  used 
for  the  eyelids  being  weaker  than  for  the  other  muscles.  It  has  been  said  that 
the  positive  electrodes  should  be  applied  to  the  muscles,  because  these 
respond  more  readily  to  this  than  to  the  negative  pole.  But  this  is  not 
always  the  case  ;  sometimes  the  response  to  the  negative  pole  is  the  more 
ready ;  often  it  is  the  same  to  each  pole,  and  the  irritability  to  the  negative 
is  scarcely  ever  more  than  a  single  cell  behind  that  to  the  positive.  The 
rule  given  above  is,  therefore,  on  the  whole  the  best.  The  appli- 
cation should  be  made  for  a  quarter  of  an  hour  once  or  twice  a  day. 
It  can  be  made  perfectly  well  by  the  patient  himself,  seated  before  a  look- 
ing-glass. As  the  face  recovers,  the  increased  voltaic  irritability  lessens  and 
faradaic  irritability  returns,  slight,  at  first,  but  gradually  increasing.  It  has 
been  advised  that  faradaism  should  then  be  substituted  for  voltaism,  but  it  is 
very  doubtful  whether  faradaism  does  good.  The  voluntary  power  which  is 
then  regained  constitutes  a  stimulus  to  the  muscles  far  greater  and  better 
than  that  of  faradaism,  and  it  influences  the  same  muscular  fibres.  If  any 
electrical  treatment  is  continued  it  is  better  to  still  use  the  voltaic  current, 
which  not  only  stimulates  the  nerve  fibres  as  surely  as  faradaism,  but  also 
any  muscular  fibres  of  which  the  nerves  have  not  yet  recovered.  When 
there  are  indications  of  commencing  late  contracture,  the  use  of  faradaism 
is  distinctly  contra-indicated,  and  it  is,  perhaps,  better  to  stop  all  stimu- 
lating electrical  treatment.  Although  this  is  certainly  not  the  cause  of  con- 
tracture, it  may  yet  tend  to  increase  it,  and  when  this  stage  is  reached  elec- 
tricity has  probably  effected  all  that  it  can  achieve. 

For  the  contracture  and  over-action  little,  unfortunately,  can  be  done.  I 
have  never  been  able  to  observe  any  beneficial  result  from  either  drugs  or 
local  treatment.  The  use  of  a  weak,  unbroken  voltaic  current  has  been 
recommended,  but  its  influence  is  inappreciable.  Warm  douches,  or 
steaming  the  face,  and  the  internal  administration  of  bromide  of  potassium 
have  been  recommended  (Rosenthal).      Daily  gentle  shampooing  of  the 
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face,  by  moving  the  finger,  with  gentle  pressure,  along  the  course  of  the 
muscles  from  origin  to  insertion,  may  be  adopted  as  having  an  influence  in 
the  right  direction,  and  at  least  incapable  of  doing  harm.  Faradisation  of 
the  muscles  of  the  sound  half  of  the  face  neither  has  nor  can  have  any 
influence  on  the  contracture,  beyond  a  tendency  to  increase  it  by  reflex 
stimulation  through  the  fifth  nerve. 

FACIAL  SPASM. 

Spasm  in  the  muscles  supplied  by  the  facial  nerve  is  sometimes  termed 
"  mimic  spasm,"  from  the  semblance  of  emotional  expression  which  results, 
and  also,  after  the  French,  convulsive  tic* 

Facial  spasm  may  affect  only  a  few  muscles  or  almost  all  those  of  one  side. 
Either  form  may  be  unilateral  or  bilateral.  It  may  be  primary  or  secondary 
to  paralysis.  The  secondary  form  has  been  already  described  (see  p.  656). 
The  spasm  is  usually  clonic  ;  if  there  is  tonic  spasm  there  is  almost  always 
clonic  spasm  as  well.     Simple  tonic  spasm  is  extremely  rare. 

The  orbicularis  palpebrarum  is  more  prone  to  spasm  than  other  muscles  of 
the  face,  no  doubt  because  the  motor  mechanism  for  this  muscle  is  more 
sensitive,  in  consequence  of  its  important  and  energetic  reflex  action. 
Hence  spasm,  ultimately  general,  often  commences  in  the  eyelids,  and  par- 
tial spasm  affects  them  far  more  frequently  than  any  other  part  of  the  face. 
This  eyelid  spasm  is  termed  "blepharospasm,"  and  will  be  separately 
described,  while  the  habit  spasm  of  childhood,  a  totally  different  disease,  is 
considered  in  connection  with  chorea. 

Causes. — The  cases  of  facial  spasm,  considered  from  the  point  of  etiology, 
fall  into  two  classes:  first,  those  in  which  an  organic  lesion  is  certain  or 
probable  ;  secondly,  those  in  which  there  is  no  indication  of  organic  disease, 
and  the  general  causal  influences  that  can  be  traced  render  it  probable  that 
the  spasm  is  idiopathic.  Each  form  is  met  with  only  during  adult  life,  after 
twenty  years  of  age.  Only  the  spasm  that  succeeds  paralysis  occurs  in 
childhood  and  youth.  Ordinary  facial  spasm  usually  commences  between 
thirty  and  sixty,  rar$ly  between  twenty  and  thirty  or  after  sixty.  An  inher- 
ited neurotic  tendency  can  sometimes  be  traced ;  direct  heredity  is  very  rare.f 
Women  suffer  far  more  frequently  than  men,  constituting  three-quarters  of 
the  cases  (twenty-three  out  of  thirty-two)  ;  indeed,  the  idiopathic  form  is 
almost  confined  to  females.  It  does  not  seem  to  have  any  special  relation 
to  hysteria.     Anaemia  and  general  defective  nutrition  of  the  nervous  system 

*  This  is  the  original  meaning  of  the  word  "  tic,*'  concealed  in  part  by  its  use  as  an  abbre- 
viation of  the  more  common  tic  douloureux  (neuralgia),  to  which  it  was  applied,  either 
metaphorically,  from  the  twitch-like  character  of  the  pain,  or  else  on  account  of  the  spasm 
that  may  accompany  severe  paroxysms  of  neuralgia.  The  original  French  form  ticq  is 
supposed  by  Skeat  to  be  allied  to  tukken,  Low  German,  to  twitch  (modern  German, 
zuckeri). 

f  Rosenthal  has  described  the  affection  of  five  members  of  a  family,  but  he  does  not  state 
the  form  of  spasm.  In  most  cases  of  direct  inheritance  the  affection  is  not  true  facial  spasm, 
but  a  kind  of  habit  spasm. 
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conduce  to  its  occurrence,  but  the  cause  of  the  idiopathic  form  that  can  be 
most  frequently  traced  is  mental  anxiety,  sometimes  a  sudden  shock,  more 
often  prolonged  grief.  In  this  connection  it  is  instructive  to  note,  on  the 
one  hand,  the  intensely  disturbing  influence  of  such  emotion  on  the  nervous 
system,  and,  on  the  other,  the  relation  of  contraction  in  the  facial  muscles, 
and  especially  of  those  in  which  the  spasm  often  begins,  to  the  process  of 
weeping.  Such  emotion  preceded  the  onset  in  five-sixths  of  the  cases  that 
have  come  under  my  own  observation.  In  many,  the  disease  begins  about  the 
climacteric  period.  Another  occasional  cause  is  irritation  of  the  fifth  nerve, 
to  which  the  facial  has  a  special  reflex  relation.  The  eye  is  the  most  common 
seat  of  the  irritation,  and  the  spasm  begins  in  the  eyelid  and  may  afterward 
become  general.  Irritation  of  other  branches  of  the  fifth,  as  from  decayed 
teeth,  has  been  present  in  some  cases.  Rarely,  neuralgia  in  the  neck  has 
preceded  the  spasm,  but  neuralgia,  however  violent,  seldom  sets  up  spasm  of 
independent  course,  in  spite  of  the  fact  that  muscular  contraction  often 
accompanies  paroxysms  of  severe  pain.  Irritation  of  the  intestines  or  uterus 
has  been  alleged  as  a  cause,  but  on  insufficient  evidence.  Severe  cold  acting 
on  the  face  and  head  has  apparently  caused  the  disease  in  a  few  instances, 
perhaps' also  by  a  reflex  mechanism,  since  in  some  of  these  cases,  although 
not  in  all,  pain  has  preceded  the  spasm.  It  is  to  be  noted  that  the  effect  of 
these  influences  is  not  always  immediately  manifest.  Thus,  a  man's  face 
was  scorched,  and  his  eyelashes  and  eyebrows  were  burned,  by  the  explosion 
of  a  cartridge ;  a  month  later,  when  the  face  was  well,  spasm  commenced 
in  the  muscles  of  the  eyelids  and  nose,  and  continued  for  years.  A  soldier 
during  the  Franco-German  War  suffered  from  severe  neuralgia  of  the  right 
side  of  the  face,  induced  by  cold;  two  years  afterward,  this  side  of  the  face 
became  the  seat  of  spasm  (Bernhardt). 

Organic  disease  causing  facial  spasm  has  been  in  one  of  two  situations,  in 
the  facial  nerve  or  the  facial  centre  in  the  cortex  of  the  opposite  hemisphere. 
In  several  cases  spasm  has  been  produced  by  a  small  tumor  pressing  on  the 
nerve' at  the  base  of  the  brain,  a  small  sarcoma  in  one  case,*  a  cholesteatoma 
in  another  (Schuh),  while  in  a  third  it  was  due  to  the  aneurism  of  the  ver- 
tebral artery  shown  in  Fig.  274.  It  does  not  seem  to  be  caused  by  disease 
in  the  petrous  bone,  in  spite  of  the  frequency  with  which  the  nerve  suffers  in 
this  situation.  In  organic  lesions  of  the  pons,  spasm  has  only  been  observed 
as  a  transient  symptom,  preceding  paralysis,  in  consequence  of  an  abscess. 
On  the  other  hand,  persistent  facial  spasm  has  been  produced  by  a  small 
stationary  lesion  of  the  ascending  frontal  convolution  in  the  position  of  the 
facial  centre,  opposite  the  inferior  frontal  sulcus.  Fig.  275  shows  a  point 
of  softening  in  this  situation,  which  caused  persistent  clonic  spasm,  limited 
to  the  zygomatic  muscles. f  I  have  seen  one  case  in  which  it  was  highly 
probable  that  facial  spasm  was  the  result  of  a  cortical  injury  during  birth. 

*  Moos,  Archiv  f.  Augenheilk.,  1874,  Bd.  iv,  Abth.  i,  p.  179. 
.     f  Berkeley,  Medical  News,  July  15th,  1883.     The  case  recorded  by  Allen  Starr,  Ameri- 
can Journal  of  Med.  Science,  1884,  Case  51,  is  the  same. 


662 


CRANIAL   NERVES. 


In  other  cases  the  spasm  has  followed  a  fall  on  the  head,  and  a  slight  injury 
to  the  surface  of  the  brain,  such  as  often  results  from  contusion,  was  highly 
probable.  Lastly,  it  should  be  mentioned  that  in  many  cases,  at  least  one 
quarter,  no  probable  cause  for  the  spasm  can  be  ascertained. 

Symptoms.— In  some  cases  of  facial  spasm,  the  muscles  of  one  side  of  the 
face  present  frequent  momentary  contractions,  resembling  those  produced 
by  the  stimulation  of  the  nerve  with  the  faradaic  shock.  In  others  there  is 
a  single  contraction,  which  recurs  at  irregular  intervals  of  seconds  or  minutes. 
Often  there  are  brief  paroxysms  in  which  there  is  both  tonic  and  clonic 
spasm,  and  the  latter  may  have  a  quick,  quivering  character.  In  other  cases, 
again,  the  paroxysms  are  longer  and  more  violent,  lasting  several  minutes, 


Fig.  274. 


A.  bttsil 


Aneurism  of  the  left  vertebral  artery,  compressing  the  facial  nerve,  and  causing  facial  spasm. 

{After  Schultze.)* 


and  consisting  of  quick  contractions,  two  or  three  per  second,  with  imper- 
fect relaxation  between  them. 

The  orbicularis  and  zygomatici  are  always  more  affected  than  the  other 
muscles,  so  that  the  eye  is  half  closed,  the  angle  of  the  mouth  is  drawn  out- 
ward, and  the  naso-labial  furrow  is  deepened.  Sometimes  the  spasm 
involves  the  corrugator  supercilii,  but  scarcely  ever  the  frontalis.  Both 
corrugators  may  be  involved,  although  the  spasm  is,  in  other  muscles,  one- 


*  The  patient  was  a  man,  aged  fifty-six,  who  had  received  an  injury  to  the  head  ten  years 
before.  For  a  year  before  death  he  had  suffered  from  short,  quick  contractions  in  the  left 
side  of  the  face,  increased  by  any  movement  of  the  jaws  or  face.  All  muscles  were  affected 
except  the  frontalis ;  the  palate  did  not  move.  There  was  no  pain.  No  morbid  changes 
could  be  found  in  the  nerves  on  naked-eye  or  microscopic  examination.  (Schultze,  Vir- 
chow's  Archiv,  Bd.  65,  p.  385.) 
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sided.  The  elevator  of  the  upper  lip  is  often  affected,  and  so  are  occasionally 
the  depressor  of  the  angle  of  the  mouth,  the  levator  menti,  and  the  platysma 
myoides.     The  latter  sometimes  seems  to  become  hypertrophied,  from  the 


Fig.  275. 
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Small  focus  of  superficial  softening,  S,  in  the  ascending  frontal,  opposite  the 
origin  of  the  fissure  between  the  middle  and  lower  (LFC)  frontal  con- 
volutions, which  had  caused  persistent  clonic  facial  spasm.  PCS,  pre- 
central  sulcus;  F  R,  fissure  of  Rolando  ;  FSA,  anterior  limb  of  fissure 
of  Sylvius.  {From  a  photograph  kindly  furnished  by  Dr.  Berkeley,  of 
Baltimore.) 

continued  over-action  (Fig.  276).     The  effect  of  the  preponderant  contrac- 
tion in  the  orbicularis  and  zygomatic  muscles  is  a  curiously-mixed  emotional 

Fig.  276. 
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Bilateral  facial  spasm  in  a  woman  of  sixty-one,  due  to  grief.    Over-action  and  apparent  hypertrophy 

of  platysma. 

aspect,  a  sort  of  whimpering  smile.  In  connection  with  the  escape  of  the 
frontalis,  it  may  be  noted  that  its  action  is  opposed  to  that  of  the  orbicularis 
palpebrarum,  and,  in  emotional  expression,  to  the  zygomatics,  and  that  it  is 
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often  associated  in  spasm,  as  in  normal  action,  with  the  muscles  at  the  back 
of  the  neck  (see  Torticollis).  The  orbicularis  oris  is  rarely  involved.  Its 
action  is  also  opposed  to  that  of  the  zygomatics. 

The  spasm  may  be  confined  to  the  muscles  of  one  side,  and  is  almost 
always  so  confined  at  first.  Often  in  the  severer  paroxysms  there  may  be 
slight  spasm  on  the  other  side,  of  the  eyelids  or  angle  of  the  mouth,  or  of 
the  levator  menti,  and  in  rare  cases,  after  a  time,  the  spasm  becomes  alto- 
gether bilateral.  Spasm  limited  to  the  muscles  about  the  eyes  is,  indeed, 
often  bilateral,  involving  chiefly  the  orbiculares,  sometimes  the  corrugators, 
but  it  is  not  common  for  the  lower  muscles  to  be  equally  affected  on  both 
sides. 

The  spasm  is  usually  lessened  by  rest,  physical  and  mental.  It  is  always 
increased  by  emotion,  and  by  movement  of  the  face,  whether  in  speaking 
or  chewing;  in  slight  cases  it  may  occur  only  on  movement.  Frequently 
the  spasm  is  increased  by  light  and  by  cold.  The  influence  of  light  is  intel- 
ligible, since  the  orbicularis  palpebrarum  is  constantly  involved,  and  a  strong 
light  produces  reflex  contraction  in  this  muscle  under  normal  circumstances. 
Conversely  the  spasm  is  lessened  by  warmth  and  by  darkness. 

Facial  spasm  causes  no  pain  ;  when  pain  is  present  it  is  independent  and 
often  primary.  As  a  rule,  there  is  no  paralysis.  Voluntary  movements  may 
be  interfered  with  by  the  spasm,  but  are  otherwise  unimpaired.  Distinct 
loss  of  power  only  exists  in  cases  of  progressive  organic  lesions,  the  effect  of 
which  is  to  cause,  first,  spasm,  and  then  paralysis.  Most,  if  not  all  non-pro- 
gressive cases,  in  which  considerable  loss  of  power  co-exists  with  spasm,  are 
cases  of  peripheral  paralysis  in  which  contracture  and  spasm  have  supervened. 
The  electrical  irritability  of  nerve  and  muscle  is,  as  a  rule,  normal.  I  have 
found,  however,  in  one  case  a  distinct  increase  of  irritability  in  the  nerve. 

The  spasm  very  rarely  affects  the  muscles  of  the  palate,  even  when  the 
movement  of  the  face  is  violent  and  general.  In  the  case  already  mentioned, 
in  which  the  spasm  was  due  to  the  pressure  of  an  aneurism  on  the  nerve 
trunk,  the  palate  was  unaffected.  A  few  exceptions  are  on  rfecord.  Thus, 
in  a  case  of  one-sided  spasm,  there  were  clonic  contractions  of  the  uvula, 
drawing  it  to  the  side  affected,  and  synchronous  with  the  spasm  in  the  face 
(Schiitz).  In  another  case  of  bilateral  spasm  the  uvula  was  drawn  up  by 
spasm  of  both  sides,  so  that  in  the  stronger  contractions  it  almost  disap- 
peared (Leube). 

Symptoms  referable  to  spasm  of  the  stapedius  muscle  have  been  very  rarely 
noted,  except  in  cases  of  tonic  spasm  of  the  orbicularis  (blepharospasm). 
In  these  a  continuous  noise  has  been  noted,  and  has  persisted  after  the 
blepharospasm  ceased.*  Many  persons  can  produce  a  quivering  noise  in  the 
ear  by  a  strong  contraction  of  the  orbiculares,  and  most  readily  if  they  try 
to  turn  the  eyes  up  at  the  same  time.     In  one  case  there  was  giddiness 

*  Gottstein  found  that  in  such  cases  the  sound  could  be  arrested  by  pressure  on  the  front 
of  the  mastoid  process,  or  by  electrical  irritation  of  the  skin  at  the  same  spot.  (Archiv.f. 
Ohrenhcilkunde.  1S80.  Bd.  xvi.  r>.  6l.l 
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during  the  height  of  a  paroxysm,  with  conjugate  deviation  of  the  eyes  to  the 
right,  symptoms  which  Moos,  who  has  recorded  the  case,  attributes  to 
spasm  of  the  stapedius,  suddenly  lowering  the  pressure  in  the  labyrinth 
and  semicircular  canals. 

Subjective  sensations  of  taste  have  not  been  noted,  but  taste  was  lost  on 
the  front  of  the  tongue  in  one  case,  in  which  there  was  probably  damage  to 
the  nerve.  Equally  rare  is  disturbance  of  the  secretion  of  saliva,  which 
was  for  a  time  excessive  in  the  case  of  bilateral  spasm  in  which  the  palate 
suffered.     No  other  vasomotor  or  trophic  disturbance  has  been  observed. 

Occasionally,  the  spasm  spreads  beyond  the  limit  of  the  facial  nerve,  to 
the  muscles  of  mastication,  the  tongue,  and  the  muscles  of  the  neck,  and 
even  of  the  arm.*  It  may  begin,  in  the  tongue  and  spread  to  the  face.f 
Extension  to  the  eyeball  muscles  has  not  been  hitherto  recorded.  In  a  case 
of  my  own  there  was  slight  deviation  inward  of  the  eye  on  the  side  of  the 
spasm  during  the  paroxysms,  apparently  from  spasm  of  the  internal  rectus  or 
inhibition  of  the  sixth  nerve.  In  the  case  of  Moos  it  is  assumed  that  the 
deviation  was  secondary  to  derangement  of  the  equilibrium  centre  by  the 
labyrinthine  disturbance. 

Tender  points  in  the  fifth  nerve  are  rare  in  general  facial  spasm,  although 
they  have  been  noted  when  the  spasm  was  limited  to  the  eyelids. 

Tonic  spasm  is  common  after  paralysis,  and  exists  in  slight  degree  in  the 
zygomatic  muscles  in  some  cases  of  old  hemiplegia,  and  on  both  sides  in 
paralysis  agitans,  in  some  cases  of  tetany,  and  in  considerable  degree  in 
tetanus.  Primary  tonic  spasm  is  said  to  have  occasionally  resulted  from 
exposure  to  cold,  to  be  unilateral  or  bilateral,  and  sometimes  associated 
with  trismus.  Deep  furrows  are  persistent ;  the  mouth  deviates  toward 
the  paralyzed  side  ;  the  palpebral  fissure  is  narrower  than  on  the  other 
side,  the  eyebrow  is  raised,  there  is  a  sense  of  tension  in  the  face,  and 
movements  are  hindered. 

Tonic  spasm  of  the  face  may  be  produced  in  the  cataleptic  condition 
of  hysteria.  A  curious  form  came  under  my  notice  in  a  man  who,  after 
sleeping  for  over  eighteen  hours,  woke  up  in  the  following  condition  :  there 
was  some  weakness  of  the  left  arm,  none  of  the  leg,  no  distinct  paralysis  of 
the  tongue,  and  no  paralysis  of  the  face,  but  conspicuous  over-action  of  the 
left  side  of  the  face,  induced  by  the  slightest  excitement,  coming  on  even 
when  he  entered  a  room,  and  passing  away  only  after  he  had  been  perfectly 
quiet  for  some  time.  Sometimes  it  would  occur  without  any  exciting 
cause.  The  chief  contracture  was  in  the  zygomatic  muscles,  causing  a  very 
deep  naso-labial  depression.  There  was  also  slight  contracture  of  the  orbicu- 
laris palpebrarum.  He  was  readily  excited  to  tears,  and  then  the  angle  of  the 
mouth  was  drawn  still  further  outward,  and  the  left  eye  almost  closed.  There 
was  also  a  little  rigidity  of  the  muscles  of  mastication.  The  condition  pre- 
sented no  ch'ange  during  five  months  that  the  patient  was  under  observation. 

*  Keen,  Trans.  American  Surgical  Association,  May  1st,  1886. 
f  Remak,  Berl.  kl.  Wochenschr.,  iS8j,  No.  34. 
42 
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Course. — Facial  spasm  usually  begins  gradually  ;  generally  in  the  eyelids. 
Months  or  even  a  year  may  pass  before  the  lower  part  of  the  face  is  involved. 
Less  commonly  it  begins  in  the  lower  part  of  the  face,  or  in  all  parts  simul- 
taneously. The  course  of  the  affection  is  very  irregular.  Sometimes  for 
weeks  or  months  the  face  is  comparatively  or  absolutely  free  from  spasm, 
and  then  the  movements  return,  spontaneously  or  after  some  emotion.  The 
same  proneness  to  relapse  is  seen  when  arrest  has  been  obtained  by  treat- 
ment. The  duration  of  the  affection  is  always  long;  it  generally  lasts  for 
years,  and  not  unfrequently  persists  to  the  end  of  life. 

Pathology. — The  spasm  may  probably  result  from  deranged  action  of 
the  gray  matter  of  the  motor  facial  centres,  either  the  cortical  gray  matter 
in  the  ascending  frontal  convolution,  or  the  facial  nucleus  in  the  pons.  We 
have  seen  that  organic  disease  in  either  of  these  situations  may  cause  spasm. 
We  have  seen,  also,  that  it  may  result  from  pressure  on  the  nerve  trunk,  but 
we  do  not  yet  know  how  such  pressure  acts.  It  may  be  by  disturbing  the 
downward  nerve  currents  from  the  facial  nucleus,  which  in  some  degree  are 
probably  constant  even  during  rest.  It  is  also  conceivable  that  the  pressure 
on-  the  nerve  may  modify  and  derange  the  action  of  the  facial  nucleus  itself; 
or,  on  the  other  hand,  that  the  mechanical  irritation  of  the  nerve  fibres  may 
excite  them  directly,  as  electrical  stimulation  does.  When  facial  spasm  is 
due  to  a  reflex  cause,  as  neuralgia  or  exposure  to  cold,  it  is  reasonable  to 
regard  the  nucleus  as  the  part  chiefly  affected.  In  the  cases  that  are  excited 
by  depressing  emotion,  or  develop  slowly  without  apparent  cause,  there  is 
nothing  to  show  whether  the  deranged  action  is  at  the  cortex  or  at  the 
nucleus.  The  nature  of  the  cause  suggests  that  the  morbid  state  is  a  change 
in  the  mode  of  action  and  nutrition  of  the  nerve  cells,  and  is  not  the  result 
of  any  disease  outside  them. 

Diagnosis. — The  chief  point  in  diagnosis  is  the  distinction  of  primary 
spasm  from  that  which  follows  paralysis,  and  this  rests  on'  the  history  or  the 
presence  of  weakness,  and  on  the  existence  of  persistent  contracture  and 
over-action,  as  well  as  of  occasional  spasm.  In  rare  cases  of  chorea  the 
face  is  much  affected,  and  the  limbs  but  little,  and  it  is  probable  that  such 
a  case  has  been  mistaken  for,  and  even  published  as,  a  case  of  simple  facial 
spasm.  Attention  to  the  condition  of  the  limbs  will  prevent  error,  since 
slight  movements  may  always  be  observed  in  them. 

A  more  urgent  question  is  the  seat  and  nature  of  the  disease.  In  forming 
an  opinion  on  this  point,  we  must  be  guided  by  the  considerations  already 
mentioned  in  the  sections  on  causation  and  pathology.  More  facts  are 
needed  regarding  the  relation  between  the  character  of  the  spasm  and  the 
seat  of  the  disease.  It  is  probable,  however,  that  when  the  spasm  affects 
both  corrugators,  and  other  muscles  only  on  one  side,  it  is  cortical  in  origin. 
Partial  facial  spasm,  however,  limited  to  the  zygomatics,  may  also  be  cor- 
tical (Berkeley).  Any  tender  points,  or  source  of  irritation  "in  the  fifth 
nerve,  or  a  history  of  pain,  suggest  a  reflex  origin.  Indications  of  weakness, 
secondary  in  time,  suggest  a  progressive  organic  cause. 

Prognosis. — The  prognosis  is  grave  in  all  cases  except  those  that  are  of 
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recent  origin,  and  are  distinctly  due  to  a  reflex  cause.  In  cases  which  have 
lasted  more  than  a  few  months  the  probability  is  against  recovery,  although 
the  fact  that  in  a  few  instances,  even  of  years'  duration,  recovery  has  taken 
place,  justifies  an  effort  to  relieve.  Only  when  the  symptom  is  due  to  pro- 
gressive organic  disease  has  it  any  intrinsic  gravity.  But,  trivial  as  it  is  in 
other  cases,  it  causes  more  annoyance  than  many  diseases  of  far  more  serious 
nature. 

Treatment. — In  a  recent  case,  apparently  excited  by  cold,  free  dia- 
phoresis should  be  employed,  and  the  face  and  side  of  the  head  bathed  fre- 
quently with  hot  water.  If  there  are  indications  of  organic  disease,  the 
nature  of  this  must  be  ascertained,  and,  as  far  as  possible,  treated.  All 
causes  of  reflex  irritation  must  be  sought  for  and  removed  ;  decayed  teeth 
should  be  extracted,  especially  if  they  are  on  the  same  side  as  the  spasm. 
Any  derangement  of  the  general  health  should  also  be  treated,  and  in  the 
cases  that  are  excited  by  depressing  emotion  tonics  are  usually  required. 
So-called  nervine  tonics  and  stimulants,  zinc,  nitrate  of  silver,  asafcetida, 
valerian,  have  all  been  recommended,  but  in  the  vast  majority  of  cases  they 
conspicuously  fail.  In  only  one  typical  case  have  I  known  recovery  to 
occur  under  such  treatment,  which  consisted  of  arsenic,  bromide  and  Indian 
hemp.  Hypodermic  injections  of  strychnia  are  said  to  have  cured  one  case 
(Sanders). 

Sedatives  applied  to  the  skin  seldom  exert  any  influence  over  the  spasm. 
Hypodermic  injection  of  morphia  has  done  good  in  some  cases,  alone  and 
combined  with  atropine.  From  the  results  obtained  in  torticollis,  it  is  prob- 
able that  a  permanent  effect  may  be  produced  by  keeping  up  the  influence 
of  morphia  for  many  months ;  but  this  course  of  treatment  may  easily  have 
results  more  serious  than  the  malady  itself.  In  the  use  of  morphia  for  the 
relief  of  spasm  it  is  probably  more  desirable  to  inject  it  in  or  near  the  seat  of 
spasm  than  in  the  case  of  its  anodyne  use.  The  temple  is  the  most  con- 
venient locality  near  the  face,  but  if  injections  are  long  continued,  some,  at 
least,  must  be  made  in  distant  parts. 

Electricity  has  been  largely  used,  and  has  been  highly  praised  by  some  of 
its  advocates,  but  in  nine-tenths  of  the  cases  it  fails  even  to  relieve.  Only 
a  weak  voltaic  current  should  be  employed,  in  a  "  stabile,"  i.  <?.,  uninter- 
rupted manner.  Various  methods  of  application  have  been  recommended, 
and  may  be  tried.  One  is  to  place  the  anode  in  front  of  the  ear,  the 
kathode  on  the  muscle,  so  that  a  descending  current  may  pass.  Another  is 
to  place  the  anode  on  the  nerve,  or  behind  the  ear  or  at  the  occiput,  the 
kathode  on  some  indifferent  place,  so  as  to  obtain  the  simple  sedative 
influence  of  the  positive  pole.  Another  is  to  place  a  pole  on  each  mastoid 
process.  If  the  fifth  nerve  presents  any  tender  points,  the  anode  may  be 
placed  on  these. 

Counter-irritation,  as  by  a  blister  behind  the  ear,  generally  causes  some 
diminution  of  the  spasm  for  a  time,  perhaps  by  the  inhibitory  influence  of 
the  sensory  irritation,  but  no  lasting  amelioration  results.  Similarly,  the 
spasm  has  been  observed  to  cease  during  the  existence  of  a  painful  affection 
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of  the  conjunctiva  (Bernhardt).     Counter-irritation  along  the  cervical  spine 
by  the  actual  cautery  is  said  to  have  cured  one  case  (Remak). 

Stretching  of  the  facial  nerve  has  been  of  late  adopted  in  these  cases,  but 
unfortunately  with  imperfect  realization  of  the  hopes  that  were  entertained 
when  the  operation  was  introduced,  and  that  seemed  to  be  justified  by  its 
immediate  effect.  Slight  stretching  of  the  nerve  seldom  has  any  influence.* 
Vigorous  stretching  causes  paralysis  of  the  face,  lasting  for  weeks  or  months, 
with  degenerative  reaction  in  the  nerve  and  muscle.  The  paralysis  in  time 
passes  away.  In  many  cases*the  spasm  has  returned  with  voluntary  power.  In 
others  the  face  has  remained  free  from  spasm  for  some  time  after  the  recovery 
of  the  nerve,  but  the  spasm  has  ultimately  returned,  either  spontaneously  or 
on  some  fresh  exciting  cause,  such  as  an  emotional  shock.  Of  thirteen  cases 
collected  by  Godlee,f  in  only  one  (recorded  by  Southam|)  was  the  patient 
free  from  spasm  two  years  after  the  operation,  and  in  a  more  recent  collec- 
tion of  twenty  cases  by  Keen,  the  only  other  case  of  cessation  for  a  longer 
period  than  six  months  is  that  of  Zeiss,  mentioned  below.  §  In  some  cases 
the  spasm  became  as  severe  as  ever,  in  others  it  was  distinctly  less  intense 
than  before  the  operation  and  remained  so.  As  a  remedial  measure,  the 
operation  clearly  deserves  little  confidence,  and  the  prospect  of  amelioration 
seems  scarcely,  sufficient  to  justify  its  performance.  At  any  rate,  it  should  be 
limited  to  cases  in  which  there  is  reason  to  refer  the  spasm  to  a  functional 
condition  of  the  nucleus,  and  not  to  organic  disease,  and  it  would  be  desir- 
able not  to  trust  to  the  operation  alone,  but  to  follow  it  up  by  a  course  of 
treatment,  such  as  the  hypodermic  injection  of  arsenic  and  morphia,  which 
is  known  to  have  some  power  of  lessening  such  spasm ;  this  should  be  com- 
menced when  the  palsy  is  passing  away.  The  operation  may  perhaps  have 
an  indirect  influence  on  the  nerve  cells  of  the  nucleus. 

Blepharospasm. — Spasm  confined  to  the  eyelids,  and  showing  no  signs  of 
extension  to  other  parts  of  the  face,  is  distinguished  from  other  forms  of 
facial  spasm  also  by  its  causes  and  its  bilateral  character.  It  occurs  in  tonic 
form  in  connection  with  photophobia,  as  a  result  of  painful  affections  of  the 
eye,  and  sometimes  of  other  branches  of  the  fifth  nerve.  It  is  an  excessive 
action  of  the  reflex  mechanism  that  normally  guards  the  eye.  When  thus 
set  up  it  may  persist  as  a  troublesome  affection,  in  excess  of  its  cause,  and 
may  continue  in  the  dark,  and  even  exist  in  an  eye  that  is  blind.  Clonic 
spasm  of  the  eyelids  is  sometimes  dignified  by  the  name   "nictitation," 


*  In  a  case  recorded  by  Zeiss,  Wien.  med.  Wochenschr.,  1884,  No.  2,  and  1885,  No.  27, 
stretching  insufficient  to  cause  paralysis  was  followed  by  slow  diminution  in  a  spasm  of  eight 
years'  duration,  which  disappeared  seven  weeks  after  the  operation,  and  was  still  absent  two 
and  a  half  years  later. 

f  Trans.  Clin.  Soc,  vol.  xvi,  p.  220.  In  a  previous  paper  by  the  same  author  (ib.,  vol. 
xiv,  p.  44)  the  method  of  performing  the  operation  is  fully  described.  It  is  also  described 
by  Keen,  loc.  cit.  (p.  665). 

%  Lancet,  August  27th,  1881,  and  a  later  note  in  Godlee's  table. 

\  The  only  case  of  relief  for  longer  than  three  months  is  one  operated  on  by  himself,  in 
which  the  spasm  was  still  absent  five  months  after  the  operation. 
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and  sometimes  occurs  in  hysteria,  and  also  in  children  as  part  of  "habit 
chorea,"  which  is  elsewhere  described.  The  most  important  elements  in 
treatment  are  the  removal  of  nerve  irritation,  for  which,  in  the  case  of  con- 
junctival disease,  cocain  is  useful,  and  the  diminution  of  the  central  over- 
action  by  sedatives,  such  as  bromide  and  belladonna,  and  by  tonics,  such  as 
iron  and  quinine.     Cold  douches  to  the  eye  should  also  be  used. 


AUDITORY  NERVE.    DISTURBANCE  OF  HEARING. 

It  is  probable  that  the  fibres  of  the  auditory  nerve  that  go  to  the  cochlea 
and  vestibule  on  the  one  hand,  and  those  that  supply  the  semicircular  canals 
on  the  other,  differ  in  function,  and  that  only  the  former  are  excited  by 
sound.*  The  latter  seem  to  convey  impressions  from  the  canals,  generated 
by  the  pressure  or  movement  of  the  endolymph  in  various  postures  and 
movements  of  the  body.  Hence  the  latter  fibres  have  been  distinguished 
by  Cyon  as  the  "space  nerve"  (Raumnerv),  and,  although  the  term  is 
awkward,  a  better  one  has  not  hitherto  been  suggested.  The  two  sets  of 
fibres  unite  in  a  common  trunk,  in  which  they  cannot  be  distinguished.  f 
Within  the  internal  auditory  meatus  and  at  the  base  of  the  brain,  the  audi- 
tory nerve  is  adjacent  to  the  facial.  The  deep  origin  of  the  nerve  has  been 
already  described  (p.  485),  and  we  have  seen  that  many  fibres  pass  directly 
to  the  cerebellum,  with  which  also  the  nuclei  are  probably  connected.  The 
former  probably  convey  impressions  from  the  canals  to  the  equilibrial 
mechanism  in  the  middle  lobe.  The  upward  auditory  path  seems  to  pass  by 
the  superior  fibres  of  the  tegmentum  of  the  crusf  to  the  internal  capsule,  but 
whether  it  reaches  the  tegmentum  through  the  pons  or  through  the  cerebel- 
lum has  not  yet  been  ascertained.  There  is  certainly  a  decussation  above 
(or  at  the  level  of)  the  nuclei,  so  that  the  auditory  path  from  each  ear  passes 
to  the  opposite  hemisphere.  The  cortical  centre  for  hearing  is  seated  in  the 
first  temporo-sphenoidal  convolution  (see  p.  464),.  and  that  of  the  left  side 
subserves  the  auditory  use  of  words. 

Disturbance  of  the  functions  of  the  auditory  nerve  are  much  more  often 
due  to  disease  of  the  ear  than  to  affections  of  the  nerve  trunk  or  centres. 
Our  knowledge  of  the  symptoms  that  are  of  primary  nerve  origin  is  still 
very  imperfect,  because  they  are  for  the  most  part  identical  with  those  due  to 
lesions  of  the  labyrinth.  Exact  aural  diagnosis  stops  at  the  middle  ear,  and 
its  present  state  resembles  that  of  the  diagnosis  of  affections  of  the  eye  before 
the  invention  of  the  ophthalmoscope.  Labyrinthine  and  nerve  lesions  are 
now  confused  under  the  term  "  nervous  deafness,"  just  as  affections  of  the 
retina,  choroid   and  optic  nerve  were  included  under  the  common  term 

*  This  assumption  is,  however,  at  present  unverified.  It  is  practically  certain  that  the 
semicircular  canals  give  rise  to  impressions  other  than  those  of  sound,  and  there  is  no  evi- 
dence that,  in  man,  they  are  concerned  with  hearing,  but  the  latter  function  is  not  excluded 
by  present  evidence. 

t  See  p.  486. 
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"amaurosis."     Indeed,  since  labyrinthine  diseases  cause  symptoms  by  their 
influence  on  the  nerve  fibres,  the  confusion  seems  almost  inevitable. 

Five  kinds  of  symptoms  may  result  from  disease  of  the  auditory  nerve  in 
its  course  or  termination,  (i)  Loss  of  function,  deafness.  (2)  Increased 
action,  auditory  hyperesthesia,  "hyperacusis."  (3)  Irritation  symptoms 
in  the  auditory  function  of  the  nerve,  causing  subjective  sensations  of  sound, 
"  tinnitus  aurium."  (4)  Disturbance  of  equilibrium,  or  sensations  of  such 
disturbance,  due  to  derangement  of  the  fibres  from  the  semicircular  canals. 
(5)  Connected  with  the  last  are  certain  involuntary  movements  that  have 
been  observed  in  rare  cases  of  disease  of  the  nerve  within  the  ear.  Pendu- 
lum-like oscillations  of  the  head  were  present  in  two  cases  recorded  by 
Moos.*  The  fourth  class  of  symptoms,  which  constitute  "  labyrinthine  " 
or  "auditory  vertigo,"  can  be  considered  more  conveniently  in  connection 
with  other  forms  of  vertigo,  while  the  forced  movements  are  too  rare  to 
deserve  detailed  description.  Here  only  the  derangements  of  the  auditory 
function  of  the  nerve  can  be  briefly  considered  in  their  medical  relations. 
For  a  fuller  description  of  the  symptoms,  the  reader  is  referred  to  special 
works  on  Diseases  of  the  Ear. 

DIMINISHED   FUNCTION;    NERVOUS   DEAFNESS. 

Causes. — (1)  By  far  the  most  common  cause  is  disease  of  the  labyrinth, 
either  hindering  the  passage  of  the  vibrations  to  the  structures  in  which  the 
nerve  fibres  end,  or  else  damaging  those  structures  and  the  nerve  endings 
themselves.  Such  disease  may  be  primary  in  the  labyrinth,  or  may  extend  to 
it  from  the  middle  ear.  Our  knowledge  of  the  nature  of  the  morbid  pro- 
cesses is  limited  to  the  occurrence  of  acute  inflammation,  chronic  inflam- 
mation, syphilitic  disease, f  and  degenerative  processes.  Acute  inflammation 
is  sometimes  bilateral,  and  thus  causes  deafness  on  each  side.  It  is  probable 
that  the  membrane  of  the  labyrinth,  in  the  old,  undergoes  degenerative 
changes,  since  these  may  be  observed  in  the  membrana  tympani.  In  those 
who  are  gouty,  symptoms  sometimes  suggest  that  the  internal  ear  may  be  the 
seat  of  changes  similar  to  those  met  with  in  other  fibrous  tissues  in  this 
disease. 

Certain  drugs  cause  deafness  having  the  characters  of  labyrinthine  deaf- 
ness, and.  probably  such,  because  congestion  of  the  internal  ear  has  been 
found  to  accompany  the  symptoms.  A  loud  noise  has  been  known  to  cause 
permanent  deafness.  Lucae  suggests  that  the  mechanism  may  be  a  hemor- 
rhage into  the  labyrinth,  since  he  has  found  an  extravasation  in  the  middle 
ear  from  this  cause.  J 

(2)  Much  less  common  than  disease  within  the  internal  ear,  are  lesions 
of  the  nerve  trunk  in  the  internal  auditory  meatus  or  at  the  base  of  the 

*  Zeitsch.f.  Ohrenheilk.,  xii,  p.  101. 

f  Moos,  Virchow's  Archiv,  Bd.  69,  p.  313  (with  autopsy);  see  also  McBride,  Glasgmv 
Med.  Journal,  /S8j,  p.  1 72. 

J  Lucae,  "  Subjectiv.  Gehors-empfindungen,"  1884. 
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brain.  The  nerve  suffers  chiefly  from  disease  commencing  outside  it, 
especially  morbid  growths  or  meningitis,  of  syphilitic  or  other  nature,  and 
aneurisms.  It  may  also  be  compressed,  in  consequence  of  thickening  of  the 
cranial  bones,  narrowing  the  meatus.  Disease  arising  in  the  nerve  itself  is 
rare ;  tumors  (neuromata),  interstitial  hemorrhage,  and  calcareous  nodules 
have  been  met  with.  Primary  inflammation  has  not  been  proved  to  occur, 
although  an  auditory  neuritis  analogous  to  optic  neuritis  has  been  suspected 
in  cases  of  cerebral  tumor.  In  cases  described  as  rheumatic  neuritis,  an 
affection  of  the  labyrinth  was  more  probable. 

Primary  degeneration  of  the  nerve  occurs  occasionally  in  locomotor  ataxy 
(Erb,  Wernicke).  A  case  is  mentioned  on  p.  297,  in  which  the  progressive 
limitation  of  the  range  of  hearing  made  such  atrophy  of  the  auditory  nerve 
highly  probable,  but,  as  is  shown  by  another  case  there  referred  to,  this 
morbid  process  has  certainly  been  sometimes  assumed  to  exist  without  suffi- 
cient grounds,  and  the  symptoms  of  "nervous  deafness"  in  tabes  are  no 
proof  of  a  primary  atrophy.  Such  degeneration  has  also  been  met  with  as 
an  isolated  change,  chiefly  in  the  old,  as  in  a  woman  eighty-nine  years  of 
age,  in  whom  this  atrophy  was  found  by  Lucae.  Concretions  of  phosphate 
of  lime  have  also  been  observed  in  the  substance  of  the  nerve  (Moos).  Long- 
continued  disease  of  the  nerve,  in  consequence  of  disease  of  the  middle  ear, 
has  been  supposed  to  lead  to  atrophy,  but  the  evidence  is  inconclusive. 

(3)  The  nuclei  within  the  pons  may  be  damaged  by  hemorrhage,  soften- 
ing or  tumor,  but  seem  to  escape  more  frequently  than  other  nuclei. 

(4)  Deafness  is  sometimes  produced  by  disease  above  the  nuclei.  It  may 
be  caused  (a)  by  disease  which  damages  the  superficial  layer  of  the  tegmen- 
tum, such  as  a  tumor  of  the  corpora  quadrigemina  ;*  (<£)  by  disease  of  the 
internal  capsule  ;  it  is  then  associated  with  hemiansesthesia  ;  (<r)  by  disease 
of  the  cortex  in  the  upper  part  of  the  temporo-sphenoidal  lobe,  or  white 
substance  within  it.f 

(5)  Loss  of  hearing  may  be  of  functional  origin.  In  hysteria  it  is  com- 
mon, as  part  of  hemianaisthesia.  In  anaemia  there  may  be  some  loss  of 
hearing,  which  may  pass  away  when  the  general  health  is  improved.  Con- 
siderable loss  of  blood  has  been  followed  by  absolute  deafness,  analogous, 
perhaps,  to  the  blindness  that  results  from  the  same  cause ;  after  death  no 
morbid  condition  of  ear  or  nerve  has  been  discovered. 

Symptoms. — Deafness,  the  indication  of  lessened  function  of  the  auditory 
nerves,  is  due  to  so  many  morbid  states  of  the  ear,  that  alone  it  is  of  little 
value  as  an  indication  of  an  affection  of  the  nerve.  For  a  full,  description 
of  the  methods  of  examination  of  the  ear,  the  reader  is  referred  to  special 
works.J      Some  points  of   medical  importance  may  be   here  mentioned. 

*  See  p.  486. 

f  Deafness  in  the  left  ear,  with  left-sided  loss  of  sensation,  was  produced  by  a  tumor  of 
the  right  hemisphere  in  a  case  reported  by  Striimpell,  Neur.  Centralbl.,  18S2,  p.  361.  See 
also  Sharkey's  case,  Fig.  185,  p.  463. 

%  An  examination  of  the  external  meatus  should,  of  course,  never  be  omitted,  and  I  may 
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When  the  deafness  is  due  to  obstruction  of  the  meatus,  or  to  disease  of  the 
middle  ear,  i.e.,  whenever  there  is  impaired  conduction  of  vibrations  to  the 
internal  ear,  and  no  disease  of  the^ labyrinth  itself,  there  is  deafness  to  vibra- 
tions that  reach  the  ear  through  the  air,  while  those  that  are  conducted 
through  the  bones  of  the  skull  can  still  be  perceived.  A  vibrating  tuning 
fork  held  opposite  the  meatus  is  inaudible,  but  it  is  heard  at  once  if  placed 
in  contact  with  the  bone  of  the  skull.  In  cases  of  slighter  deafness,  in  which 
the  tuning  fork  can  be  heard  through  the  air,  defect  of  conduction  can  be 
demonstrated  in  another  way.  Normally,  as  the  vibrations  lessen,  they  can 
be  heard  through  the  air  longer  than  through  the  bone ;  when  the  fork  in 
contact  with  the  skull  ceases  to  be  heard,  the  sound  can  still  be  perceived  if 
the  instrument  is  held  opposite  the  external  meatus.  This  is  because  the 
receptive  mechanism  is  more  sensitive  to  vibrations  that  reach  it  through 
the  tympanum  and  chain  of  bones  than  to  those  which  it  receives  from  the 
bone  directly.  If  the  tuning  fork  cannot  be  heard  longer  through  the  air 
than  through  the  bone,  there  is  impaired  conduction  through  the  meatus  or 
middle  ear.* 

Sounds  conducted  through  the  bone  are  intensified  by  closure  of  the 
external  meatus.  This  is  due  to  the  circumstances  that  vibrations  escape  by 
the  open  meatus  f  (MachJ,  and  that  the  closure  of  the  meatus  intensifies  the 
vibration  by  converting  the  cavity  into  a  resonant  chamber  (Lucae).  The 
intensification  shows  that  hearing  through  the  bone  is  normal,  i.  <?.,  that  the 
labyrinth  is  sensitive.  But  it  is  a  less  convenient  test  than  simple  contact, 
because  unobservant  persons  often  fail  to  recognize  the  increase.  If  there 
is  some  deafness  to  sounds  through  the  air,  and  yet  the  tuning  fork  is  heard 
longer  through  the  air  than  through  the  bone,  i.  e.,  the  hearing  through  air 

in  passing,  mention  the  very  great  suitability  of  the  ophthalmoscope  for  this  purpose.  A 
three-inch  lens  should  be  held  over  the  speculum,  slightly  tilted  to  get  rid  of  the  reflection. 
The  lens  concentrates  the  light  on,  and  at  the  same  time  magnifies,  the  membrana  tympani. 
A  light  vulcanite  speculum  answers  best. 

*  It  is  assumed  that  vibrations  pass  directly  from  the  bone  to  the  labyrinth.  There  is, 
however,  reason  to  believe  that  some  of  the  vibrations  reach  the  labyrinth  from  the  bone 
through  the  tympanum.  Gelle  maintains  that  all  the  bone  vibrations  thus  reach  the  labyrinth, 
and  that  what  is  termed  bone  deafness,  even  when  complete,  may,  and  commonly  does,  result 
from  disease  of  the  stapes  and  of  the  foramina  ovale  and  rotunda.  He  relies  especially  on 
the  fact  that  conduction  through  the  bone  may  be  lessened  and  even  extinguished  by  compres- 
sion of  the  air  within  the  meatus,  which,  he  assumes,  arrests  the  movement  of  the  ossicles. 
Hensen,  therefore,  has  proposed  to  call  conduction  through  the  bone  "  cranio-tympanic  con- 
duction." But  that  vibrations  may  pass  to  the  labyrinth  directly  seems  proved  by  the  fact 
(observed  by  Lucae)  that  when  the  membrane  and  bones  of  the  tympanum  are  congenitally 
absent,  sounds  can  still  be  heard  through  the  bone.  The  effect  of  compression  on  which 
Gelle  relies  is  susceptible  of  another  explanation — that  it  acts  by  increasing  the  pressure 
within  the  labyrinth,  and  so  preventing  the  vibration  of  the  structures  connected  with  the 
nerve. 

■f  If  a  stethoscope  or  otoscope  is  applied  to  one  meatus,  sounds  entering  the  other  ear 
can  be  distinctly  heard;  the  old  adage,  "  in  at  one  ear  and  out  at  the  other,"  having  thus  a 
basis  of  literal  truth. 
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and  bone  have  their  normal  relation,  the  deafness  is  due  to  the  nerve  or 
labyrinth. 

The  high-pitched  short  sound  of  a  watch  furnishes  a  test  of  considerable 
value  and  delicacy,  but  caution  is  needed  in  drawing  inferences  from  the 
results  obtained.  The  best  method  of  using  it  is  to  close  the  meatus  by 
pressing  back  the  antitrag'us,  and  first  to  hold  the  watch  near,  but  not  in 
contact  with,  the  root  of  the  zygoma,  and  then  to  press  it  firmly  against  the 
bone.  The  observation  may  be  repeated  against  the  mastoid  process.  If 
the  watch  is  heard  better  in  contact  than  when  not  in  contact,  the  function 
of  the  labyrinth  is  not  impaired.  If  it  is  not  heard  better  in  contact,  further 
observations  may  be  made  with  the  tuning  fork.  If  the  watch  is  heard 
through  the  bone,  it  is  not  likely  that  the  tuning  fork  will  reveal  impairment. 
If  the  sound  is  heard  through  the  bone,  but  not  so  loudly  as  normal,  we 
cannot  infer  disease  of  the  labyrinth  or  nerve,  because  simple  anchylosis  of 
the  stapes  will  reduce  bone  conduction,  although  no  disease  of  the  middle 
ear  will  extinguish  it  (see  note  on  page  672).  But  during  the  degenerative 
period  of  life,  after  fifty  or  sixty  years  of  age,  it  is  very  common  for  the 
watch  not  to  be  heard  through  the  bone,  although  there  is  no  other  evidence 
of  impaired  function.  The  loss  apparently  depends  on  the  labyrinthine 
changes  incidental  to  age  already  mentioned.  During  the  first  half  of  life 
it  is  rare  to  find  bone  deafness,  and  its  existence  then  may  reasonably  be 
regarded  as  evidence  of  a  pathological  condition,  and  this  is  true  at  any  age 
if  the  defect  exists  on  one  side  only.  Even  after  middle  life  a  bilateral  loss 
is  sometimes  of  significance. 

The  state  of  hearing  through  the  bone  is  of  special  importance  to  the  phy- 
sician, because  it  indicates  the  functional  state  of  the  internal  ear  and  nerve, 
and  eliminates  the  morbid  states  of  the  conducting  media,  the  meatus  and 
tympanic  cavity.  It  is  assumed  that  the  vibrations  pass  from  the  bone 
directly  to  the  labyrinth. 

Another  indication  of  impaired  function  of  the  nerve  is  an  altered  elec- 
trical reaction,  first  ascertained  by  Brenner,  and  since  studied  by  Erb  and 
others.  But  this  is  little  employed  in  diagnosis.  The  attempt  to  obtain  it 
often  causes  vertigo  ;  an  alteration  occurs  in  morbid  states  of  the  middle  ear 
as  well  as  in  affections  of  the  nerve,  and,  in  the  latter,  is  sometimes  absent. 

We  have  no  means  of  distinguishing  between  disease  of  the  labyrinth  and 
nerve,  except  by  the  associated  symptoms.  In  each  case  the  deafness  is  the 
same,  and  is  often  associated  with  symptoms  of  irritation — subjective  sounds. 
If  the  facial  nerve  is  paralyzed  and  there  is  no  disease  of  the  middle  ear  or 
bone,  we  may  feel  sure,|hat  the  nerves  are  affected  at  the  base  of  the  brain 
or  in  the  internal  meatus.*    A  basal  affection  is  also  probable  if  any  other 

*  If,  with  this  combination  of  symptoms,  there  is  also  disease  of  the  middle  ear,  it  is  prob- 
able that  the  facial  nerve  and  the  labyrinth  are  affected  by  extension  of  disease  from  the 
tympanum,  but  this  diagnosis  is  not  certain,  as  a  case  recorded  by  Schwartze  shows.  In 
spite  of  disease  of  the  middle  ear,  the  deafness  and  facial  paralysis  were  found  to  depend  on 
a  tubercular  tumor  springing  from  the  dura  mater,  and  compressing  the  trunks  of  the  facial 
and  auditory  nerve  ("Beitrage  zur  Path,  des  Ohres,"  1870). 
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nerve,  near  the  auditory  (as  the  sixth)  suffers  with  it.  In  rare  instances  the 
auditory  nerve  is  damaged  without  the  facial  at  the  base  of  the  brain,  per- 
haps because  the  resisting  power  of  the  portio  mollis  is  less  than  that  of  the 
portio  dura. 

The  symptoms  of  disease  of  the  auditory  nuclei  in  the  medulla  are  still 
little  known.  In  several  recorded  cases,  disease  of  the  nuclei  on  one  side 
has  caused  deafness  in  the  ear  on  the  same  side.  But  we  do  not  know 
whether  this  relation  is  invariable,  whether  unilateral  disease  always  causes 
deafness  on  the  same  side,  or  whether  the  connection  of  nucleus  and  ear  is 
in  part  crossed.*  Moreover,  extensive  damage  to  the  nuclei  has  been  found 
when  no  deafness  was  noted.  Nuclear  disease  may  be  suspected  if  deafness 
comes  on  suddenly,  together  with  other  symptoms  of  a  lesion  of  the  pons  or 
medulla,  especially  with  weakness  of  the  limbs  on  the  opposite  side.  Sud- 
den deafness,  alone,  is  of  no  localizing  significance,  because  either  the  trunk 
of  the  nerve  or  the  labyrinth  may  be  the  seat  of  sudden  hemorrhage.  Deaf- 
ness of  gradual  onset,  in  association  with  bulbar  symptoms,  is  also  of  little 
significance  as  regards  disease  of  the  nucleus,  since  it  is  more  frequently 
due  to  pressure  on  the  nerve.  Deafness,  with  hemianesthesia  or  hemiplegia 
on  the  same  side,  is  probably  due  to  disease  of  the  cerebral  hemisphere. 

Bilateral  deafness  may  be  due  to  various  causes:  (i)  Symmetrical  disease 
of  the  labyrinth,  which  is  common  ;  acute  inflammation  is  sometimes,  and 
chronic  degeneration  is  often,  bilateral;  double  otitis  has  sometimes  been 
mistaken  for  meningitis;  (2)  symmetrical  lesions  of  the  two  auditory 
nerves,  which  are  very  rare  ;  (3)  possibly  disease  of  the  medulla  ;  (4)  a 
tumor  in  the  corpora  quadrigemina,  damaging  the  crustse  of  the  crura  cere- 
bri ;  (5)  symmetrical  disease  of  each  temporo-sphenoidal  lobe ;  syphilitic 
gummata  caused  this  effect  in  a  case  recorded  by  Wernicke  and  Fried- 
lander. 

Treatment. — For  a  description  of  the  little  that  can  be  done  in  the 
treatment  of  disease  of  the  labyrinth,  the  reader  is  referred  to  special  trea- 
tises. The  treatment  of  disease  of  the  nerve  trunk  or  centres  is,  for  the 
most  part,  that  of  the  morbid  process,  and  must  be  conducted  on  the 
same  principles  as  that  of  similar  lesions  in  the  other  cranial  nerves.  In 
cases  of  acute  deafness,  counter-irritation,  as  by  blisters,  is  often  of  great 
service,  and  even  in  chronic  cases  may  do  some  good.  The  auditory  nerve 
may  be  stimulated  by  electricity,  but  the  results  obtained  by  most  of  those 
who  have  employed  this  method  have  been  slight  and  disappointing. 

AUDITORY   HYPERESTHESIA. 
The  term  is  applied  to  an  increased  or  perverted  action  of  the  auditory 
nerve  or  centres.     While  deafness  is  much  more  frequently  due  to  diseases 

*  See  a  curious  case  of  tumor  of  the  right  cerebellar  amygdala  (Wolf,  Archiv  f.  Ohren- 
heilk.,  Bd.  xvi,  p.  157),  which  compressed  the  right  auditory  region,  and  is  said  to  have 
caused  deafness  of  the  left  ear  and  left  facial  paralysis.  The  latter,  however,  might  have 
been  due  to  a  tumor  that  existed  in  the  ascending  parietal  convolution. 
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of  the  ear  than  to  morbid  states  of  the  nerve,  the  opposite  is  true  of  hyper- 
gesthesia,  which  is  commonly  due  to  altered  nerve  function. 

(i)  True  hyperesthesia,  increased  keenness  of  hearing,  "  hyperacusis," 
is  a  rare  morbid  state  in  which  sounds  are  heard  with  undue  loudness,  and 
even  such  as  are  inaudible  to  other  persons  are  distinctly  perceived.  It 
occurs  chiefly  in  hysteria,  usually  in  association  with  augmented  acuteness  of 
other  senses,  and  is  probably,  in  such  cases,  of  central  origin.  It  has  also 
been  observed  at  the  onset  of  acute  cerebral  and  general  diseases. 

From  true  hypersesthesia  we  must  distinguish  certain  forms  of  hyperacusis 
due  to  disorder  of  the  conducting  mechanism.  In  paralysis  of  the  stapedius 
muscle,  from  disease  of  the  facial  nerve,  low  notes  may  be  heard  with  undue 
loudness. 

(2)  Auditory  Dysasthesia,  "  Dysacusis." — Sounds,  although  not  heard 
with  undue  loudness,  cause  discomfort.  This  is  common  in  cerebral  affec- 
tions, functional  and  organic,  during  attacks  of  headache,  in  many  cases  of 
meningitis,  etc.  The  pain  in  the  head  seems  to  be  intensified  by  the  noise. 
There  is  no  evidence  that  irritation  of  the  auditory  fibres  ever  produces 
pain  directly.  Politzer  has  indeed  recorded  a  case  of  labyrinthine  disease 
in  which  chords  played  on  a  harmonium  caused  a  distinct  sensation  of  pain, 
while  single  notes  did  not ;  but  the  case  stands  alone,  and  it  is  probable  that 
the  pain  was  produced  in  some  indirect  manner. 

The  treatment  of  these  forms  of  auditory  over-action  is  that  of  the  morbid 
state  with  which  they  are  connected,  and  the  nature  of  this  is  usually 
obvious.  If  direct  treatment  is  needed,  full  doses  of  bromide  of  potassium 
have  most  influence  in  diminishing  the  morbid  excitability. 

IRRITATION  OF   THE  AUDITORY   NERVE;   TINNITUS   AURIUM. 

Subjective  sounds  are  of  varied  character  and  still  more  varied  origin. 
They  constitute  a  common  ailment,  and  one  that  is  often  most  distressing ; 
an  ailment,  moreover,  that  often  baffles  all  efforts  to  relieve  it.  Its  frequency 
is  not  surprising.  When  we  consider,  on  the  one  hand,  how  exquisitely 
sensitive  the  organ  of  hearing  is,  how  slight  a  vibration  will  affect  it,  and, 
on  the  other  hand,  that  around  and  even  within  it  blood  is  in  constant,  and 
muscle  in  frequent,  motion,  the  marvel  may  well  be  the  habitual  silence 
rather  than  the  occasional  sound.  It  has  indeed  been  thought,  with  reason, 
that  the  silence  is  due  to  cerebral  inattention  and  not  to  peripheral  inac- 
tivity. In  a  quiet  room,  continuous  auditory  sensations  may  be  noticed,  of 
which  we  are  normally  unaware,  just  as  in  the  dark  the  field  of  vision  may 
be  found  full  of  moving  points  of  light.  Almost  any  morbid  process,  in 
any  part  of  the  ear,  may  cause  subjective  sounds  ;  they  may  result  also  from 
sound-producing  processes  in  and  about  a  normal  ear,  as  well  as  from  irrita- 
tion of  the  auditory  nerve  and  centres  within  the  skull. 

(1)  The  blood' currents  within  and  near  the  ear,  which  normally  give 
rise  to  no  sound,  may  be  so  changed  that  they  cease  to  be  noiseless.  In 
anaemia,  vibrations  occur  in  the  blood  with  undue  readiness,  and  a  pulsat- 
ing murmur  may  be  heard,  probably  produced  in  the  carotid  artery.     A 
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similar  murmur  may  also  arise  in  an  intracranial  aneurism.  Vasomotor 
paralysis  of  the  labyrinthine  vessels  has  probably  been  the  cause  of  a  sub- 
jective sound  observed  in  a  case  of  disease  of  the  cervical  spine,  pressing  on 
the  vertebral  artery  along  which  the  sympathetic  fibres  run.  A  similar 
mechanism  may  have  been  effective  in  another  case  in  which  there  was 
enlargement  of  the  glands  of  the  neck  adjacent  to  the  sympathetic ;  the 
noise  ceased  when  the  glands  became  small.*  Perhaps  dilatation  of  the 
small  arteries  within  the  ear  may  give  rise  to  a  similar  sound,  and  if  tinnitus 
is  ever,  as  is  asserted,  of  reflex  origin,  it  must  be  thus  produced.  Pulsating 
sounds  are,  as  a  rule,  arrested  or  lessened  by  compression  of  the  carotid 
artery  in  the  neck. 

(2)  Tinnitus  may  attend  every  form  of  ear  disease — accumulations  of 
cerumen  in  the  external  meatus ;  inflammation  of  the  middle  ear,  catarrhal, 
plastic,  or  suppurative ;  spasmodic  contractions  of  the  tympanic  muscles, 
and  various  morbid  states  of  the  labyrinth.  The  precise  mechanism  by 
which  the  sounds  are  produced  is  a  matter  of  conjecture  ;  vascular  con- 
gestion, increased  labyrinthine  pressure,  and  irritation  of  the  nerve  endings 
or  their  connected  structures  have  all  been  assumed,  and  may  all  be  opera- 
tive in  different  cases. 

(3)  Organic  changes  that  irritate  the  fibres  of  the  auditory  nerve  or  its 
centres  may  cause  subjective  sensations  of  sound,  and  these  may  therefore 
be  present  as  a  symptom  of  any  of  the  morbid  states  already  mentioned  as 
affecting  these  parts,  and  producing  loss  of  hearing,  degeneration,  concre- 
tions, etc. 

(4)  Intense  stimulation  of  the  auditory  nerve,  as  by  a  loud  railway 
whistle,  has  been  known  to  set  up  a  lasting  subjective  sound,  but  by  what 
mechanism  is  unknown.  Habitual  exposure  to  sounds  may  cause  tinnitus, 
usually  slight  in  degree  ;  musicians,  piano  tuners,  smiths,  etc.,  are  said  to 
suffer  occasionally  in  this  way. 

(5)  Subjective  sounds  are  sometimes  due  to  a  functional  disturbance  of 
the  auditory  centres.  In  migraine  paroxysmal  sounds  sometimes  occur, 
although  they  are  a  rare  symptom.  Such  sounds  are  more  common  as  the 
aura  of  an  epileptic  seizure ;  it  is  probable  that  they  are  due  to  disturbance 
in  the  cortical  auditory  centre,  since  organic  disease  in  this  position  may 
cause  such  a  sound  as  the  warning  of  a  convulsion  (see  p.  464).  That  con- 
tinuous tinnitus  sometimes  results  from  central  functional  disturbance  is  also 
probable,  on  account  of  the  elaborate  character  of  the  sounds  that  some 
patients  experience.  In  various  conditions  of  nervous  exhaustion  and 
excitability,  tinnitus  may  arise  without  impairment  of  hearing.  Of  the 
pathology  of  these  cases  nothing  is  certainly  known,  but  it  is  probable  that 
they  are  due  to  defective  nutrition  of  the  nerve  elements,  central  or  peri- 
pheral. 

Symptoms. — The  sounds  that  are  heard  are  extremely  various  in  character 
and  intensity.     Slight  sounds  may  be  low  pitched,  a  low  rumble  like  a 


*  These  two  cases  are  recorded  by  Brandeis,  Zeitsch.f.  Ohrtnheilk.,  xi,  1882,  p.  294. 
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distant  wagon,  or  a  faint  murmur  such  as  may  be  heard  when  a  shell  is  held 
up  to  the  ear.  Louder  sounds  are  rarely  low  in  tone.  They  may  be  humming, 
hissing,  rushing,  or  roaring  noises.  A  common  simile  is  that  of  stone-saw- 
ing, or  the  hissing  of  a  kettle  or  a  gas  jet,  while  still  louder  noises  are  com- 
pared to  that  of  a  steam  engine  or  a  waterfall,  or  to  a  room  full  of  machinery 
in  motion.  Others  again,  less  common,  are  like  the  sound  of  a  bell,  or 
of  many  bells  jangling  at  a  distance,  while  still  more  elaborate  sensa- 
tions may  resemble  music  or  voices.  Definite  words  are  seldom  heard, 
except  in  cases  of  insanity  and  epilepsy.  An  important  difference  in  the 
more  simple  sounds  is  their  continuity.  Some  remit  or  intermit,  and  are 
synchronous  with  the  pulse ;  others  are  continuous  and  unvarying.  The 
significance  of  the  intermission  is  that  the  sound  is  directly  due  to  arte- 
rial pulsation,  but  its  ultimate  cause  may  be  either  an  increase  of  this 
pulsation  or  an  increased  sensitiveness  of  the  nerve  structures.  Hence  the 
sound  is  intermitting,  not  only  in  aneurism,  but  in  anaemia,  and  also  in 
many  diseases  of  the  middle  ear,  and  in  some  labyrinthine  affections,  and 
even  occasionally  in  morbid  states  of  the  centre.*  Sounds  of  central 
origin  are  generally  continuous ;  but  continuous  sounds  may  also  be  due  to 
ear  disease,  labyrinthine  or  tympanic,  and  even  to  accumulations  of  wax  in 
the  meatus.  Thus  this  feature  of  tinnitus  affords  little  help  in  the  diagnosis 
of  its  cause.  Elaborate  sounds  are  generally  of  central  origin.  A  lady  for 
twenty  years  has  heard  the  sound  of  music ;  no  actual  tune  can  ever  be  dis- 
tinguished, but  she  states  that  were  it  not  for  iis  persistence  the  sound 
would  be  pleasant ;  no  affection  of  the  ear  can  be  discovered.  Auditory 
hallucinations  of  the  insane,  although  of  cerebral  origin,  are  sometimes 
determined  by  the  presence  of  ordinary  tinnitus,  which  existed  before  the 
onset  of  the  hallucinations. 

At  the  beginning  of  the  affection,  the  sound,  especially  if  slight  and  of  a 
familiar  character,  may  be  thought  to  have  an  actual  objective  origin.  This 
is  especially  the  case  when  the  sound  is  elaborate.  One  patient  sent  a  mes- 
sage to  his  next-door  neighbor,  asking  that  a  clock  might  be  moved,  the 
loud  striking  of  which  annoyed  him  ;  he  had  no  idea  that  the  sound  was 
subjective  until  informed  that  there  was  not  a  striking  clock  in  his  neighbor's 
house.  In  most  cases,  however,  the  real  nature  of  the  sound  is  quickly 
recognized.  The  sound  is  usually  referred  by  the  patient  to  the  ear ;  some- 
times it  seems  to  be  in  the  head  generally ;  the  difference  depends  in  part 
on  the  loudness  of  the  sound,  and  partly  on  its  bilateral  character.  One 
patient,  for  instance,  said  that  the  sound,  as  a  rule,  seemed  to  be  in  the  ears, 
but  when  it  became  more  intense  it  seemed  to  be  within  the  skull.  Under 
normal  circumstances  a  sound  conveyed  simultaneously  to  both  earg  by  a 


*  That  intermittent  sounds  may  be  of  central  origin  is  certain,  from  the  facts  of  epilepsy. 
I  have  elsewhere  recorded  a  case  in  which  part  of  the  aura  was  an  intermitting  hissing,  evi- 
dently synchronous  with  the  pulse,  and  succeeded  by  two  bright  lights,  which  seemed  to 
approach  the  patient  by  jerks,  of  the  same  rhythm  as  the  preceding  sounds,  "  Epilepsy, 
etc./'  p.  67. 
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double  tube  is  referred  to  some  region  in  the  middle  line  of  the  skull,  the 
precise  locality  varying  in  different  persons. 

The  sounds  may  vary  from  time  to  time  in  their  intensity.  Such  varia- 
tions may  be  distinctly  dependent  on  the  general  health  of  the  patient ;  the 
sounds  may  lessen  or  even  cease  during  good  health,  and  may  increase  when 
nervous  tone  or  general  strength  is  lowered.  Occasionally  tinnitus  is  slight 
or  absent  at  certain  periods  of  the  day,  or  absent  on  one  day  and  loud  on 
another,  without  any  obvious  cause  for  the  variation.  A  sudden  paroxysmal 
increase  is  rare  except  in  association  with  attacks  of  vertigo  ;  these  may  be 
heralded  by  increasing  intensity  of  sound,  compared  by  some  patients  to 
the  whistle  of  a  swiftly-passing  train. 

Slight  tinnitus  is  heard  only  when  there  is  external  quiet,  and  even  loud 
sounds  may  be  inaudible  in  a  considerable  noise,  as  that  of  a  railway  car- 
riage. Occasionally  external  sounds  intensify  tinnitus,  especially  that  which 
arises  from  continued  noise.*  It  is  rare  for  hearing  to  be  interfered  with 
by  the  tinnitus  per  se  ;  it  may,  indeed,  be  normal  to  every  test,  even  when 
the  subjective  noise  is  loud,  but  more  frequently  there  is  some  deafness;  the 
morbid  process  that  irritates  the  auditory  nerve  also  impairs  its  function,  or 
hinders  the  passage  of  vibrations  through  the  ear.  In  some  cases  of  pro- 
gressive disease  the  deafness  gradually  increases,  while  the  noises  become 
less,  and  they  may  cease  altogether  when  the  patient  is  entirely  deaf.  In 
other  cases  the  noises  continue  in  spite  of  absolute  loss  of  hearing.  When 
the  sounds  are  loud,  the  distress  they  occasion  is  very  great,  and  has  driven 
more  than  one  patient  to  commit  suicide. 

A  sound  produced  in  an  intracranial  aneurism  (of  the  internal  carotid  or 
vertebral)  may  be  heard  by  another  person  on  listening  through  a  stethoscope 
applied  to  the  skull.  In  extremely  rare  cases  sounds,  apparently  of  intra- 
aural  origin,  have  also  been  audible,  on  auscultation,  as  in  the  case  of  a  boy 
eight  years  of  age,  recorded  by  Greene,f  in  whom  an  aneurism  was  most 
unlikely.  In  another  case  a  pulsating  sound,  resulting  from  some  effect  of  a 
blow  two  weeks  before,  could  be  heard  eight  inches  from  the  patient. J 

The  sound  of  muscular  contraction  within  the  ear  has  a  peculiar  vibratory 
character,  and  is  probably  only  produced  by  the  stapedius  muscle.  This 
is  supplied  by  the  facial  nerve,  and  its  central  connections  are  related  to 
those  for  the  orbicularis  palpebrarum ;  hence,  in  many  persons  a  strong  con- 
traction of  the  orbicularis  is  accompanied  by  this  peculiar  sound  in  the  ear. 
The  same  sound  may  accompany  facial  spasm  (see  p.  664).  The  function 
of  the  stapedius,  like  that  of  the  orbicularis,  is  to  guard  the  sense  organ— 
.to  prevent  the  base  of  the  stapes  being  driven  too  far  into  the  foramen  by 
an  excessive  movement  of  the  membrana  tympani.  Clicking  sounds  are 
probably  due  to  the  action  of  the  muscles  connected  with  the  Eustachian 
tube.     They  are  sometimes  audible  by  another  person. §   In  one  case  clonic 

*  Lucae,  "Subject.  Gehorsempf.,"  1884,  p.  487. 
f  Greene,  Trans.  American  Otological  Society,  1878. 
t  Poosten,  Monatsbl.f.  Ohrenheilk.,  1878,  No.  4. 
I  Backer,  Zeitschr*./.  Ohrenheilk.,  xiv,  1885,  237. 
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spasm  of  the  levator  palati  gave  rise  to  such  a  sound,  repeated  120  times  a 
minute,  and  audible  twenty  feet  from  the  patient.  It  ceased  only  during 
sleep.* 

Diagnosis. — The  characters  of  the  tinnitus  thus  afford  little  help  in  diag- 
nosis except  that  in  the  rare  cases  in  which  sound  is  elaborate  it  is  almost 
certainly  of  central  origin.  An  aneurism  is  probable  if  the  sound  is  audible 
on  auscultation,  and  certain  if  this  coincides  with  the  symptoms  of  a  basal 
tumor.  But  in  all  cases  the  chief  indication  of  the  cause  of  tinnitus  is 
afforded  by  associated  symptoms.  The  most  important  of  these  is  deafness, 
which  is  present  in  the  majority  of  cases.  The  cause  of  the  deafness  is,  as  a 
rule,  the  cause  of  the  tinnitus.  The  position  and  nature  of  the  disease  inter- 
fering with  hearing  must  therefore  be  ascertained  on  the  principles  already 
described.  It  must  be  remembered  that  disease  of  the  meatus  or  middle 
ear  can  only  cause  tinnitus  by  its  influence  on  the  labyrinth,  either  by 
increasing  the  labyrinthine  pressure  or  by  the  extension  of  disease.  If  there 
is  evidence  of  disease,  not  of  the  middle  ear  but  of  the  labyrinth  or  nerve 
trunk,  we  can  only  distinguish  between  the  two  latter  by  associated  symp- 
toms ;  if  these  are  absent  we  must  be  guided'  by  the  fact  that  disease  of  the 
labyrinth  is  far  more  frequent,  and  therefore  in  any  given  case  more  prob- 
able, than  disease  of  the  nerve ;  and  that  this  is  especially  true  if  deafness 
coexists.  When  tinnitus  is  due  to  organic  disease  of  the  centres,  other 
definite  symptoms  are  rarely  absent  and  indicate  its  seat  and  nature. 

Prognosis. — With  the  exception  of  the  cases  in  which  the  noise  is  due  to 
removable  ear  disease  or  to  easily  remedied  constitutional  disturbance,  the 
prognosis  is  unfavorable.  In  many  cases  the  noises  persist  in  spite  of  all 
treatment,  but  considerable  relief  is  sometimes  obtained,  and  occasionally 
the  symptom  is- removed. 

Treatment. — The  first  element  is  the  treatment  of  any  discoverable 
morbid  process  on  which  tinnitus  may  depend,  directly  or  remotely.  This 
causal  treatment  comprehends,  first,  the  removal,  as  far  as  possible,  of  any 
ear  disease  by  which  the  symptoms  may  have  been  produced  ;  and,  secondly, 
the  treatment  of  any  general  condition  with  which  it  may  be  connected 
directly  or  remotely — anaemia,  defective  nerve  power,  gout,  syphilis.  Tin- 
nitus in  gouty  persons  is  often  lessened  by  alkalies  and  free  purgation.  In 
all  cases  the  general  health  should  be  carefully  attended  to  and  all  influences 
that  increase  the  noise  should  be  avoided.  Those  who  suffer  inconsequence 
of  habitual  exposure  to  sounds,  should  obtain  rest  in  a  quiet  place  and  pro- 
tect themselves  by  obstructing  the  meatus.  If  such  causes  are  not  discover- 
able, or  such  treatment  fails,  the  symptom  itself  must,  be  treated,  and  our 
power  of  influencing  it  is  unfortunately  very  small. 

The  noise  is  sometimes  diminished  by  sedatives  that  lessen  nervous  over- 
action.  Of  these  bromide  has  more  influence  than  any  other  drug.  In  many 
cases  its  effect  is  very  marked,  although  less  than  on  the  giddiness  which  often 
accompanies  the  noise.     It  should  be  given  in  scruple  doses  two  or  three 

*  Williams,  Zeitschr.f.  Okrenheilk.,  xiii,  1884,  p.  99. 
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times  a  day.  Hydrobromic  acid  has  been  recommended,  but  seems  to  have 
no  advantage  over  bromide,  into  which  it  must  be  converted  as  soon  as  it 
enters  the  alkaline  blood,  while  its  acidity  interferes  with  its  administration 
in  adequate  doses.*  The  effect  of  bromide  is  sometimes  increased  by  the 
addition,  to  each  dose,  of  tincture  of  belladonna  ("ix)  or  tincture  of  Indian 
hemp  ("liij-v).  Morphia  by  hypodermic  injection  lessens  the  tinnitus  for  a 
time,  but  is  only  suitable  as  an  occasional  palliative  when  violent  paroxysms 
occur.     No  other  sedative  has  an  appreciable  effect  on  the  noises. 

Counter-irritation  is  unquestionably  useful.  A  blister  behind  the  ear 
often  causes  the  sound  to  be  less  loud  for  a  week  or  ten  days  after  the  appli- 
cation, and  repeated  blisters  sometimes  produce  a  permanent  diminution  in 
the  intensity  of  tinnitus,  although  they  rarely  cause  it  to  cease.  The  effect 
is  manifest  in  cases  of  long  duration,  as  well  as  in  those  of  recent  origin, 
and  cannot  therefore  be  ascribed  merely  to  an  influence  on  inflammatory 
processes. 

Drugs  that  are  known  to  interfere  with  the  functions  of  the  internal  ear 
have  been  given  in  the  endeavor  to  alter  the  morbid  action,  and  in  the  hope 
that  the  disturbance  produced  may  be  antagonistic  to  that  of  the  disease. 
The  only  evidence  of  such  an  influence  is  the  production  of  deafness,  tinni- 
tus, and  vertigo.  These  are  symptoms  common  to  morbid  processes  of 
varied  character  and  seat.  Politzer  noted  long  ago  that  subjective  noise 
was  often  temporarily  reduced,  together  with  hearing  power,  by  quinine. 
Charcot  has  given  quinine  in  sufficient  doses  to  produce  cinchonism,  and 
found  that  in  some  cases,  when  the  toxic  effect  had  passed  away,  the  noises 
were  less.  I  have  tried  this  and  also  salicylate  of  soda  (15  grains  three 
times  a  day)  in  the  same  way  and  have  found  the  influence  of  the  latter 
more  distinct  than  that  of  quinine.  Of  course,  it  is  only  in  chronic 
and  stationary  cases  that  this  treatment  is  admissible,  since  these  drugs 
cause  actual  hyperjemia  of  the  labyrinth  and  are  capable  of  increasing  acute 
disease. f  Lucae  has  advocated  the  treatment  of  tinnitus  by  exposing  the 
patient  daily  for  a  short  or  long  time,  according  to  circumstances,  to  a  sound 
of  the  opposite  character  to  that  which  he  hears — to  a  high  tone  if  the  sub- 
jective tone  is  low,  and  vice  vend.  He  employs  an  electro-magnetic 
tuning  fork  with  resonaters. 

*  The  dose  of  the  solution  of  hydrobromic  acid  usually  prescribed  is  20-60  minims, 
and  this  is  equal  only  to  3-8  grains  of  bromide  of  potassium. 

f  It  has  been  objected  that  this  treatment  is  homoeopathic.  It  is  not  more  homoeopathic 
than  the  treatment  of  psoriasis  by  irritants,  or  the  administration  of  alcohol  to  reduce  the 
rapid  pulse  of  fever,  or  the  application  of  an  alum  lotion  in  conjunctivitis,  or  the  treatment 
of  the  constipation  of  colic  by  opium.  Besides,  to  make  the  production  of  like  symptoms 
a  systematic  ground  of  rejection  of  treatment  is  only  less  irrational  than  to  make  it  a  system- 
atic ground  for  the  adoption  of  treatment.  To  adopt  the  former  system  would  be  to  verify 
the  epithet  of  "  allopath,"  at  present  an  untrue  name,  invented  to  conceal,  by  a  factitious 
contrast,  a  greater  absurdity. 
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GLOSSO- PHARYNGEAL  NERVE. 
The  origin  of  the  glosso-pharyngeal  nerve  is  described  at  p.  484.  It 
leaves  the  surface  of  the  medulla  near  the  highest  fibres  of  the  pneumo- 
gastric.  Its  fibres  are  ultimately  distributed  to  the  back  part  of  the  tongue, 
the  soft  palate,  tonsils,  upper  part  of  the  pharynx  (mucous  membrane  and 
muscles),  to  the  Eustachian  tube  and  to  the  tympanic  cavity.  The  connec- 
tions of  the  nerve  are  important.  The  tympanic  nerve  of  Jacobson  (aris- 
ing from  the  enlargement  on  the  glosso-pharyngeal,  termed  the  "  petrosal 
ganglion  "),  forms,  with  the  sympathetic,  the  tympanic  plexus  in  the  wall 
of  the  middle  ear,  and  gives  two  branches,  one  to  the  large  superficial 
petrosal  nerve,  from  (Meckel's  ganglion  to  the  facial  nerve),  and  the  other 
(the  small  petrosal  nerve)  to  the  otic  ganglion.  Thus  the  glosso-pharyngeal 
nerve  is  connected  certainly  with  the  otic  and  perhaps  also  with  the  spheno- 
palatine ganglion  of  the  fifth  nerve.  Connections  with  the  facial  nerve  are 
effected  by  a  branch  from  the  small  petrosal  nerve  to  the  gangliform  enlarge- 
ment of  the  facial,  sometimes  also  by  a  filament  to  the  trunk  of  the  nerve 
from  the  digastric  branch  of  the  facial,  possibly  by  the  connection  of  the 
nerve  of  Jacobson  with  the  large  superficial  petrosal.  With  the  pneumo- 
gastric,  the  glosso-pharyngeal  nerve  is  connected  at  the  petrous  ganglion, 
and  in  the  pharyngeal  plexus. 

Our  knowledge  of  the  functions  of  the  glosso-pharyngeal  nerve,  and  of  the 
symptoms  of  its  paralysis,  is  less  certain  than  with  regard  to  any  other  cranial 
nerve.  This  is  due  to  the  circumstances  that  the  experimental  study  of  its 
functions  in  animals  is  extremely  difficult,  and  that  in  man  it  is  scarcely 
ever  diseased  alone.  Hence  its  functions  have  to  be  inferred  from  its  ana- 
tomical distribution,  and  the  connection  with  other  nerves  lessens  consider- 
ably the  value  of  conclusions  thus  reached,  because  the  functions  suggested 
by  the  termination  of  its  fibres  may  be  in  part  due  to  its  connections,  and 
may  not  represent  the  functions  of  its  root. 

The  muscular  fibres  of  the  upper  part  of  the  pharynx  are  supplied  by  the 
pharyngeal  plexus,  and  opinion  is  divided  as  to  whether  the  motor  fibres 
come  from  the  glosso-pharyngeal  or  from  the  pneumogastric.  The  glosso- 
pharyngeal nucleus,  however,  contains  large  nerve  cells,  motor  in  aspect,  a 
fact  which  suggests  that  it  may  furnish  the  fibres  for  these  muscles.  Most 
anatomists  think  that  the  fibres  to  the  stylo-pharyngeus  come  from  the  facial, 
by  the  twig  from  the  digastric  branch  of  the  latter.  Whether  the  glosso- 
pharyngeal innervates  any  palatine  muscle  is  not  known.  It  is  probable  that 
it  supplies  sensory  fibres  to  the  upper  part  of  the  pharynx  and  perhaps  also 
to  the  tympanic  cavity.  It  is  not  probable  that  it  is  the  sensory  nerve  for 
the  front  of  the  soft  palate,  palatine  arches,  or  back  of  the  tongue,  since 
these  are  rendered  anassthetic  by  disease  of  the  root  of  the  fifth  nerve.  But 
it  is  generally  believed  that  nausea  is  produced  through  the  agency  of  this 
nerve.  It  is  commonly  regarded  as  the  nerve  of  taste  for  the  back  of  the 
tongue,  palate,  and  the  fauces.  Some  even  believe  that  it  subserves  taste  in 
the  front  of  the  tongue,  although  the  unquestionable  relation  of  this  to  the 
chorda  tympani,  renders  it  necessary  to  assume  that  this  nerve  derives  its 
43 
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taste  fibres  from  the  glossopharyngeal  by  the  connection  between  the  large 
and  small  petrosal  nerves  (see  p.  642).  The  fact  of  most  weight  connecting 
the  function  of  taste  with  the  glosso-pharyngeal  is  that  its  fibres  have  been 
traced  to  the  circumvallate  papillae,  the  nerve  structures  in  which,  believed 
to  subserve  taste,  undergo  degenerative  changes  after  division  of  the  nerve 
trunk.  On  the  other  hand,  there  is  no  instance  on  record  of  loss  of  taste  at 
the  back  of  the  tongue  from  disease  of  the  roots  of  the  glosso-pharyngeal 
nerve,  while  there  is  evidence,  as  mentioned  on  p.  642,  that  disease  of  the 
root  of  the  fifth  nerve  causes  loss  of  taste  on  the  back  as  well  as  the  front  of 
the  tongue,  and  also  on  the  palate  and  palatine  arch.  Hence  it  is  difficult 
to  resist  the  conclusion  that  if  some  of  the  terminal  fibres  of  the  glosso- 
pharyngeal nerve  subserve  taste,  such  fibres  come  ultimately  from  the  fifth 
nerve.  Their  path  must  then  be  from  the  otic  ganglion,  through  the  tym- 
panic plexus,  to  the  petrous  ganglion  of  the  glosso-pharyngeal,  a  circuitous 
path,  but  scarcely  more  so  than  that  which  the  taste  fibres  of  the  chorda 
tympani  undoubtedly  take.  This  view  is  supported  by  the  fact  (mentioned 
on  p.  643)  that  taste  on  the  back  of  the  tongue  may  be  lost  in  disease  of  the 
middle  ear,  a  fact  explicable  on  no  other  hypothesis. 

The  nerve  may  be  diseased  by  any  of  the  intracranial  processes  that 
damage  the  nerve  roots — meningitis,  tumors,  etc.,  and  its  motor  fibres 
participate  in  the  central  degeneration,  etc.,  that  produces  labio-glossal 
paralysis.  It  is  probable  that  the  pharyngeal  symptoms  of  chronic  and 
acute  bulbar  paralysis  (labio-glosso-pharyngeal  paralysis)  are  due  chiefly 
to  interference  with  the  functions  of  this  nerve.  Of  the  symptoms  of 
its  isolated  paralysis  nothing  certain  is  known,  but  it  is  probable  that 
the  upper  part  of  the  pharynx  is  rendered  insensitive  and  weak,  so  that 
deglutition  is  difficult. 


PNEUMOGASTRIC  AND  ACCESSORY  NERVES. 

Of  all  the  cranial  nerves,  the  pneumogastric  has  the  most  extensive  distri- 
bution, supplying  the  pharynx,  larynx,  lungs,  heart,  oesophagus  and  stom- 
ach, and  even,  in  part,  the  intestines  and  the  spleen.  In  some  of  the 
so-called  functional  diseases  of  the  organs  which  it  supplies,  its  action 
is  conspicuously  deranged.  The  symptoms  of  its  disease  are  thus  very 
extensive,  and  it  will  be  well  first  to  describe  them  generally,  and  afterward 
to  consider  in  detail  those  that  merit  separate  description. 

Some  of  the  functions  subserved  by  the  trunk  of  the  pneumogastric  depend 
on  the  fibres  which  it  derives  from  the  spinal  accessory  ;  it  is  convenient  to 
consider  disease  of  these  fibres  in  connection  with  that  of  the  root  of  the 
pneumogastric,  and  to  describe  separately  the  derangement  of  the  spinal 
fibres  of  the  accessory  nerve,  which  supply  the  muscles  of  the  neck. 

The  pneumogastric,  it  will  be  remembered,  arises  from  the  side  of  the 
medulla,  between  the  glosso-pharyngeal  above  and  the  spinal  accessory 
below,  and  to  the  outer  side  of  the  hypoglossal.  Its  origin  is  described  at 
p.  483.    The  trunk  of  the  nerve,  after  receiving  fibres  from  the  spinal  acces- 
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sory,  and  giving  off  some  small  branches  (of  which  the  most  important  is 
one  to  the  external  ear),  passes  down  the  neck,  behind  and  in  the  same 
sheath  with  the  carotid  artery ;  enters  the  thorax  on  the  right  side,  over  the 
subclavian  artery,  and  on  the  left,  between  the  subclavian  and  the  carotid  ; 
passes  through  the  thorax  beside  the  oesophagus ;  and  ends  in  branches  to 
the  stomach,  spleen  and  intestines.  The  most  important  branches  are  the 
pharyngeal,  which,  with  the  glosso-pharyngeal,  forms  the  plexus  of  the  same 
name ;  the  superior  laryngeal ;  the  recurrent  laryngeal,  which  passes  back, 
the  left  around  the  arch  of  the  aorta,  the  right  around  the  subclavian  artery ; 
branches  to  the  oesophagus ;  pulmonary  branches  which,  by  means  of  the 
pulmonary  plexus,  supply  the  lung ;  and  branches  which  form  the  cardiac 
plexus  for  the  heart. 

The  vagus  nerve,  besides  containing  motor  fibres  for  the  pharynx  and 
larynx,  is  the  chief  afferent  nerve  for  the  respiratory  centre.  It  contains 
accelerating  and  inhibitory  fibres  for  this  centre,  but  the  former  prepon- 
derate, so  that  experimental  division  of  the  nerve  in  an  animal  renders  the 
respiration  less  frequent,  but  deeper,  while  stimulation  of  the  divided 
(central)  end  quickens  the  respiration,  and  may  even  arrest  it  in  tetanic 
standstill.  The  inhibitory  fibres  are  contained  chiefly  in  the  superior  laryn- 
geal nerve,  and  their  stimulation  arrests  the  respiration,  the  muscles  being 
relaxed.  It  is  the  inhibitory  nerve  of  the  heart ;  slight  stimulation  increases 
the  diastolic  periods,  and  stronger  stimulation  arrests  the  action  of  the 
heart.  On  division  of  the  nerve  the  cardiac  contractions  are  accelerated. 
It  has  been  said  to  contain  trophic  fibres  for  the  heart  and  lungs,  but  this  is 
not  certain.  The  pneumogastric  is  an  afferent  nerve  for  the  vasomotor 
centre,  the  action  of  which  is  lowered  by  its  stimulation,  so  that  the  arteries 
throughout  the  body  are  relaxed.  It  is  the  motor  and  sensory  nerve  for 
the  oesophagus,  the  sensory  nerve  for  the  stomach,  and  partly  also  the  motor 
nerve  for  the  stomach  and  intestines. 

DERANGEMENT  OF  THE  PNEUMOGASTRIC  GENERALLY. 
Causes. — The  deep  position  of  the  pneumogastric  and  its  branches  pre- 
serves it  from  some  forms  of  damage,  although  its  extensive  course  renders 
it  liable  to  suffer  from  many  causes.  The  nucleus  in  the  medulla  may  be 
damaged  by  local  softening,  hemorrhage,  or  slow  degeneration  ;  but  in  all 
these  cases  other  adjacent  nuclei  suffer  also.  The  nerve,  at  its  origin  from 
the  medulla,  may  be  compressed  by  thickening  of  the  meninges,  growths 
from  the  meninges  or  bones,  or  aneurism  of  the  vertebral  artery.  Derange- 
ment of  its  function,  due  to  syphilis,  is  almost  always  the  result  of  meningeal 
disease  in  this  situation.  Other  adjacent  nerves  commonly  suffer  at  the 
same  time.  The  trunk  of  the  nerve  is  sometimes,  but  rarely,  implicated  in 
punctured  or  gunshot  wounds ;  incised  and  lacerated  wounds  in  its  position 
are  usually  immediately  fatal  from  injury  to  the  large  blood  vessels  to  which 
it  is  contiguous.  In  surgical  operations  the  trunk  and  branches  of  the  nerve 
occasionally  suffer.  The  trunk  has  been  tied  in  ligature  of  the  carotid,  and 
divided  in  the  removal  of  deep-seated  tumors.     In  such  operations  in  the 
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lower  part  of  the  neck  it  is  often  also  difficult  to  avoid  injury  to  the  recur- 
rent laryngeal.  In  excision  of  an  enlarged  thyroid,  both  recurrent  laryn- 
geal have  been  repeatedly  divided,  from  the  time  of  Galen  down  to  the 
present.  Sarcomatous  and  other  tumors,  and  enlarged  glands,  may  com- 
•  press  or  involve  the  nerve  in  almost  any  part  of  its  course  ;  and  interference 
with  its  function  especially  occurs  from  such  disease  in  regions  limited  by 
rigid  structures,  as  in  the  upper  part  of  the  neck  near  the  skull,  and  in  the 
upper  part  of  the  thorax.  Aneurisms  may  compress  the  nerve  or  its  branches; 
and  the  recurrent  laryngeals  suffer  from  this  cause  with  especial  frequency. 
Other  causes  of  paralysis  of  the  recurrent  laryngeals  are  described  in  the 
section  on  paralysis  of  the  larynx.  The  vagus  is,  in  rare  cases,  the  seat  of 
neuromata.  Neuritis  of  the  trunk  of  the  nerve,  due  to  cold,  is  supposed  to 
be  an  occasional  cause  of  symptoms  ;  such  cases  are  extremely  rare,  but  in 
some  acute  forms  of  multiple  neuritis  it  has  certainly  been  involved.  Symp- 
toms of  its  derangement  are  occasionally  produced  by  toxic  influences,  which 
may  act  on  its  nucleus,  but  more  probably  have  led  to  neuritis.  The  vagus 
may  also  suffer  in  diphtheritic  paralysis. 

Symptoms  due  to  paralysis  of  the  vagus  are  more  frequently  met  with  than 
those  which  result  from  its  irritation.  Occasionally  both  are  combined. 
Laryngeal  spasm  and  vomiting  are  the  irritative  symptoms  most  commonly 
met  with,  but  occasionally  cardiac  inhibition  occurs.  Czermak,  for  instance, 
was  able  at  will  to  arrest  his  heart  for  a  few  beats,  by  pressing  a  small  tumor 
of  the  neck  against  his  pneumogastric.  Concato  had  a  patient  in  whom  a 
similar  inhibition  could  be  caused  by  pressure  on  the  right  nerve.  The 
increased  frequency  of  pulse  which  corresponds  to  paralysis  of  the  vagus  has 
been  several  times  noted,  and  has  occasionally  been  associated  with  dimin- 
ished frequency  of  respiration,  although  the  laryngeal  paralysis,  also  result- 
ing, has  usually  obscured  the  effect  on  the  respiratory  movements.  Roux 
tied  the  trunk  of  the  vagus  with  the  left  carotid ;  instantly  respiration  was 
arrested,  but  the  pulse  was  also  retarded  ;  the  ligature  was  immediately 
relaxed,  but  the  patient  died  in  half  an  hour.  Robert  also  tied  the  nerve 
with  the  carotid  ;  the  patient,  who  was  conscious,  immediately  called  out, 
"lam  suffocated  !  "  and  his  voice  became  hoarse;  he  recovered,  but  the 
hoarseness  continued  for  six  months.  An  instructive  example  of  interference 
with  the  functions  of  the  vagus  has  been  recorded  by  Guttmann.  A  lad, 
after  diphtheria,  presented  paralysis  of  the  palate  and  of  one  sterno-mastoid. 
His  respiration  quickly  became  reduced  to  twelve  per  minute,  and  very 
labored,  while  his  pulse  rose  to  120,  and  he  died  in  a  few  hours.  In  many 
other  cases  a  similar  change  in  the  pulse  and  respiration  has  been  noted,  and 
even  a  pulse  rate  of  160-200.  In  the  face  of  these  observations,  and  of 
experiments  on  animals,  it  is  not  easy  to  understand  a  fact  observed  by 
Billroth,  who  excised  half  an  inch  of  one  pneumogastric,  which  was  impli- 
cated in  a  tumor,  without  any  resulting  symptoms. 

The  important  central  relations  of  the  vagus,  above  alluded  to,  cause 
derangement  of  its  function  to  form  part  of  many  so-called  functional  disor- 
ders of  the  central  nervous  system.    Its  nucleus  forms  part  of,  or  is  connected 
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with,  the  respiratory  centre,  which  is  conspicuously  disturbed  in  hydrophobia 
and  some  other  diseases.  The  phenomena  of  "  Cheyne-Stokes  breathing," 
or  "  respiration  of  ascending  and  descending  rhythm,"  are  probably  the 
result  of  lowered  action  of  the  respiratory  or  pneumogastric  centre  (see  p. 
557).  The  central  connections  of  the  vagus,  in  the  hemispheres,  extend  to, 
or  are  connected  with,  those  parts  which  are  concerned  in  emotion,  and  it 
is  probably  through  the  agency  of  this  nerve  that  the  heart's  action  is  affected 
in  excitement  and  fear.  In  many  epileptic  fits  the  central  representations 
of  the  nerve  are  the  parts  through  which  the  consciousness  is  first  affected, 
and  hence  the  so-called  "  epigastric  aura." 

A  similar  disturbance  seems  to  be  the  cause  of  the  globus  hystericus  and 
of  the  laryngeal  spasm,  which  are  conspicuous  in  some  epileptic  and  hys- 
teroid  seizures.  The  nerve  is  closely  connected  with  the  centre  or  nerves 
for  equilibration,  so  that  severe  vertigo,  on  whatever  dependent,  is  often 
followed  by  vomiting.  The  nucleus  is  contiguous  to  the  internal  auditory 
nucleus,  and  part  of  the  auditory  nerve,  that  which  comes  from  the  semi- 
circular canals,  is  known  to  be  concerned  in  the  process  of  regulating  the 
maintenance  of  equilibrium.  In  the  vertigo  that  results  from  disease  of 
this  nerve  or  of  the  canals  (labyrinthine  or  auditory  vertigo)  vomiting  is 
very  common,  and  the  nausea  and  retching  of  sea-sickness  are  probably 
due  to  the  deranged  action  of  the  semicircular  canals  in  consequence  of 
the  motion,  and  this  deranged  action  further  affects  the  pneumogastric  cen- 
tre. It  is  possible  that  the  connection  of  the  vagus  with  the  equilibrial 
nerves  is  by  means  of  the  cerebellum,  disease  of  which  so  constantly  causes 
vomiting,  although  this  connection  has  not  yet  been  definitely  traced.  Con- 
versely, gastric  disturbance  of  the  vagus  is  often  accompanied  with  vertigo, 
especially  when  combined  with  preexisting  imperfect  action  of  the  auditory 
nerve. 

PHARYNGEAL  BRANCHES. 

Branches  of  the  pneumogastric  form,  with  the  glosso-pharyngeal,  the 
"pharyngeal  plexus."  From  this  plexus  the  muscles  and  mucous  mem- 
brane of  the  pharynx  are  supplied.  The  special  distribution  of  the  branches 
of  each  constituent  nerve  is  not  known. 

The  most  common  cause  of  paralysis  of  the  pharynx  is  disease  of  the 
origin  of  the  nerve  in  the  medulla ;  such  disease  commonly  also  involves 
adjacent  nuclei.  Paralysis  may,  however,  result  from  meningeal  disease 
outside  the  medulla,  and  from  disease  of  the  bones  of  the  base  of  the  skull, 
but  it  is  scarcely  ever  due  to  disease  outside  the  skull.  It  occasionally  forms 
part  of  diphtheritic  paralysis. 

Paralysis  of  the  pharynx  is  manifested  by  difficulty  of  swallowing ; 
food,  entering  the  pharynx  from  the  mouth,  lodges  there  instead  of  "descend- 
ing to  the  oesophagus.  Small  particles  or  liquid  may  enter  the  larynx,  and 
cause  spasm  and  even  actual  choking.  Pulpy  food  can  be  swallowed  better 
than  solids  or  liquids.  If  the  paralysis  is  limited  to  the  superior  constrictor, 
liquids  may,  it  is  said,  be  forced  into  the  nose  by  the  contraction  of  the 
middle  constrictor,  but  it  is  doubtful  whether  this  occurs  unless  the  soft 
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palate  is  also  paralyzed.  The  affection  of  the  nerves  on  one  side  causes 
only  slight  difficulty  in  deglutition,  no  doubt  on  account  of  the  circular 
arrangement  of  the  muscular  fibres. 

Paralysis  of  the  pharynx  can  be  confounded  with  other  conditions  only 
in  consequence  of  imperfect  observations.  I  have  known  the  difficulty  in 
swallowing  to  be  attributed  to  malignant  disease,  but  such  a  mistake  ought 
not  to  occur.  If  any  doubt  exists  .as  to  whether  dysphagia  is  due  to  paraly- 
sis or  organic  obstruction,  the  passage  of  a  sound  will  at  once  exclude  the 
latter.  From  pharyngeal  spasm,  paralysis  is  distinguished  by  its  continuous 
character. 

Spasm  of  the  pharynx  is  always  part  of  "  functional  "  disturbance,  and 
does  not  result  from  organic  disease.  It  is  commonly  due  to  hysteria,  and 
probably  occurs  in  the  more  severe  form  of  hysterical  "globus."  It  is 
usually  associated  with  other  hysterical  symptoms,  but  sometimes  occurs 
alone.  As  an  instance  may  be  mentioned  the  case  of  a  gifted  but  highly 
nervous  man,  who  for  many  years  could  only  swallow  food  when  alone;  in 
the  presence  of  others  spasm  of  the  pharynx  always  prevented  deglutition. 
Similar  spasm  occurs  during  the  paroxysms  of  hydrophobia. 

LARYNGEAL  BRANCHES. 

Paralysis  of  the  Larynx. — Paralysis  of  the  larynx  is  a  large  subject,  of 
which  only  the  more  important  outlines  can  be  given  here.  The  organ  is 
innervated  by  two  branches  of  the  vagus,  (i)  The  superior  laryngeal, 
which  arises  high  up  in  the  neck.  It  is  the  sensory  nerve  of  the  larynx 
above  the  vocal  cords,  and  supplies  the  crico-thyroid  muscle  and  the  deflec- 
tors of  the  epiglottis.  (2)  The  inferior  or  recurrent  laryngeal,  which  arises 
in  the  upper  part- of  the  thorax,  and  passes  up  to  the  larynx,  between  the 
trachea  and  oesophagus.  It  gives  sensibility  to  the  larynx  below  the  vocal 
cords  and  to  the  whole  of  the  trachea ;  and  it  supplies  all  the  muscles  of 
the  larynx  except  the  crico-thyroid  and  the  epiglottidean  muscles.  All  the 
motor  fibres  for  the  larynx  come  from  the  spinal  accessory  ;  only  the  sen- 
sory fibres  pass  to  the  medulla  by  the  roots  of  the  pneumogastric  itself. 

In  order  to  understand  the  symptoms  of  laryngeal  paralysis,  it  is  necessary 
to  have  a  clear  conception  of  the  anatomy  of  the  larynx  and  of  the  action 
of  the  muscles.  It  may  be  well,  therefore,  first  to  enumerate,  in  brief  out- 
line, the  facts  which  are  of  the  most  salient  importance. 

The  glottis  is  opened  or  closed  by  the  movement  of  the  posterior  extrem- 
ities of  the  cords  only  (the  anterior  remaining  always  fixed),  and  this' 
movement  is  effected  chiefly  by  the  motion  of  the  arytenoid  cartilages. 
These  cartilages  are  attached  to  the  cricoid  cartilage  by  an  articulation  that 
permits  free  movement.  Each  has  the  form  of  an  irregular  pyramid,  pro- 
longed at  the  base  into  two  processes,  an  anterior  or  vocal  process,  from 
which  the  vocal  cord  extends  to  the  thyroid  cartilage,  and  an  external  or 
muscular  process,  to  which  the  muscles  are  chiefly  attached.  When  the 
latter,  which  is  at  right  angles  to  the  vocal  process,  is  moved  back,  the 
vocal  process  moves  outward,  away  from  its  fellow ;  the  cord  is  abducted, 
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and  the  glottis  opened.  When  the  muscular  process  is  moved  forward,  the 
vocal  process  is  moved  inward  toward  its  fellow ;  the  cord  is  adducted,  and 
the  glottis  closed.  But  these  movements  of  the  cords  are  further  aided  by 
the  movement  of  the  arytenoid  cartilages  away  from  or  toward  each  other. 

The  most  important  muscles  of  the  larynx  and  the  effects  of  their  palsy 
may  be  briefly  described. 

Crico-thyroid. — The  fibres,  outside  the  thyroid  cartilage,  pass  downward 
and  forward  to  the  cricoid,  which  they  draw  back  and  slightly  tilt,  low- 
ering the  posterior  part  of  the  cartilage  with  the  attached  arytenoids,  and 
thus  they  elongate  and  make  tense  the  vocal  cords.  Isolated  paralysis  is 
singularly  rare,  and  there  is  much  uncertainty  about  its  exact  symptoms. 
It  is  said  to  impair  the  production  of  high  notes,  but  if  so  it  is  prob- 
ably because,  without  the  influence  of  the  crico-thyroid,  the  internal  thyro- 
arytenoideus  cannot  act  with  effect.  It  is  probable  that  paralysis  influences 
the  height  of  the  cords  during  the  production  of  high  notes,  but  this  effect 
can  only  be  recognized  when  the  paralysis  is  one-sided  ;  the  arytenoid  car- 
tilage and  vocal  cord  are  higher  on  the  paralyzed  side  than  on  the  other,  on 
account  of  the  obliquity  of  the  cricoid  cartilage,  and  the  posterior  part  of 
the  glottis  is  displaced  toward  the  paralyzed  side  (Riegel). 

Thyro-arytenoid.  — The  fibres  pass  backward,  from  the  posterior  surface  of 
the  front  of  the  thyroid  cartilage,  close  to  and  parallel  with  the  vocal  cord. 
The  inner  fibres  are  connected  with  the  cord,  and  seem  to  influence  the  dis- 
tribution of  tension.  The  outer  fibres  pass  to  the  muscular  process  of  the 
arytenoid,  and,  if  this  cartilage  is  free  to  rotate,  they  draw  the  outer  pro- 
cess forward  and  the  vocal  process  inward,  thus  adducting  the  cord.  The 
inner  fibres,  and  also  the  outer,  if  rotation  is  prevented,  shorten  the  cord. 
Paralysis  of  the  inner  fibres  renders  the  cord  atonic  with  a  concave  edge. 
Paralysis  of  the  outer  fibres  doubtless  lessens  the  power  of  adduction, 
although  in  a  degree  that  is  difficult  to  recognize. 

Lateral  Crico-arytenoid. — The  fibres  pass  from  the  side  of  the  cricoid 
backward  and  upward  to  the  outer  process  of  the  arytenoid  cartilage,  and, 
drawing  this  forward,  move  the  vocal  process  inward  and  adduct  the  cord. 
It  is  the  chief  adductor.  Isolated  paralysis  is  very  rare,  but  would  certainly 
lessen  considerably  the  power  of  adduction  ;  it  is  probable  that  the  cord 
could  still  be  brought  to  the  middle  line  by  the  thyro-arytenbid,  unless 
there  was  secondary  contracture  of  the  abductor. 

Arytenoid. — This,  passing  between  the  arytenoid  cartilages  behind,  draws 
them  together  and  thus  adducts.  In  isolated  palsy  the  vocal  cords  are 
brought  together,  except  behind,  between  the  arytenoid  cartilages,  where  a 
small  triangular  space  remains. 

Posterior  Crico-arytenoid. —  The  fibres  of  the  "posticus"-  muscle  pass 
from  the  posterior  surface  of  the  cricoid  cartilage  outward,  upward,  and  ulti- 
mately forward,  over  the  edge  of  the  cricoid  cartilage  to  the  muscular  pro- 
cess of  the  arytenoid  cartilage.  They  draw  this  back  and  the  vocal  process 
outward,  and  thus  abduct  the  cords  and  open  the  glottis.  It  is  the  only 
special  abductor,  and  is  thus  a  muscle  of  great  importance.  When  it  is  para- 
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lyzed  alone,  abduction  is  impossible  and  the  vocal  cord  is  in  the  middle 
line,  adducted  in  consequence  of  the  unopposed  action  of  the  adductors. 

Thus  the  vocal  cord  is  abducted  chiefly  by  one  muscle,  but  the  widening 
is  increased  by  the  separation  of  the  arytenoid  cartilages  themselves,  effected 
probably  by  the  simultaneous  action  of  the  posterior  fibres  of  the  lateral 
and  outer  fibres  of  the  posterior  crico-arytenoids.  These  fibres  draw  the 
arytenoid  cartilage  downward  and  outward  on  its  convex  articular  surface. 
The  cord  is  adducted,  and  the  glottis  closed,  by  several  muscles ;  by  the 
lateral  crico-arytenoid  and  the  outer  part  of  the  thyro-arytenoid,  which 
rotate  the  cartilage,  and  by  the  arytenoids,  which  bring  the  cartilages 
together.  The  vocal  cords  are  lengthened  and  made  tense  by  the  crico- 
thyroid, shortened  by  the  thyro-arytenoids,  and  made  either  lax  or  tense  in 
parts,  according  as  the  inner  fibres,  of  this  muscle  are  inert  or  active. 

The  muscles  must,  however,  act  in  very  complex  combinations.  The 
different  fibres  of  each  muscle  have  not  all  the  same  direction  and  cannot 
have  the  same  action.  The  difference  may  even  be  such  that  some  fibres  of 
one  muscle  may  have  an  effect  opposed  to  that  of  the  rest,  if  they  act  alone 
or  with  fibres- of  another  muscle.  This  is  illustrated  by  the  fact  already 
mentioned,  that  the  posterior  fibres  of  the  lateral  crico-arytenoideus,  acting 
with  the  outer  fibres  of  the  posterior  crico-arytenoideus,  may  aid  in  abduc- 
tion by  drawing  the  arytenoid  cartilage,  downward.  On  the  other  hand,  if 
the  other  glottis  closers  are  acting  powerfully,  the  highest  (horizontal)  fibres 
of  the  posterior  crico-arytenoideus,  the  chief  glottis  opener,  may  even  aid 
closure  by  helping  to  approximate  the  arytenoid  cartilages.  If  the  action 
may  be  thus  complex  in  simple  opening  and  closing  the  glottis,  how  much 
more  complex  must.it  be  in  the  delicate  and  varied  actions  by  which  is  pro- 
duced the  infinite  variety  of  vocal  sounds  ! 

Causes. — Paralyses  of  the  larynx  fall  into  several  widely  different  catego- 
ries, whether  they  are  considered  in  reference  to. their  symptoms  or  to  their 
causes.     The  chief  causes  are  : — 

(i)  Organic  disease  of  the  centres,  or  of  the  nerves  outside  the  larynx. 
According  to  the  seat  and  character  of  the  disease  the  palsy  may  involve  one 
or  another  group  of  muscles,  and  may  be  unilateral  or  bilateral. 

(a)  The  central  causes  are  usually  nuclear  degeneration,  involving  the 
cells  of  the  highest  roots  of  the  spinal  accessory.  In  rare  cases  the  lesion  is 
acute  central  softening.  In  either  case  the  symptoms  are  usually  associated 
with  paralysis  of  the  tongue  and  lips  as  "  labio-glosso-laryngeal  paralysis," 
chronic  or  acute  ;  it  will  be  remembered  that  the  highest  part  of  the  spinal 
accessory  and  the  hypoglossal  nuclei  are  contiguous,  the  former  behind,  the 
latter  in  front  of  the  central  canal  of  the  cord.  Palsy  from  chronic  degener- 
ation.is  often  associated  with  wasting  in  other  muscles.  Degenerative  paraly- 
sis of  the  larynx  occurs  sometimes  in  disseminated  sclerosis,  in  general 
paralysis  of  the  insane,  and  especially  in  locomotor  ataxy.  After  diphtheria, 
also,  the  larynx  may  be  paralyzed,  probably  in  consequence  of  central 
changes.  The  palsy  in  most  cases  is  bilateral,  and  is  often  abductor;  it  is 
unilateral  only  in  rare  instances. 
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(l>)  Damage  to  the  roots  of  the  nerves  is  also  an  occasional  cause,  com- 
monly of  syphilitic  origin,  sometimes  the  result  of  an  aneurism  or  other 
simple  tumor.  Paralysis  from  this  cause  is  usually  one-sided,  and  often  affects 
half  the  tongue  and  palate  as  well  as  the  vocal  cord. 

(V)  The  long  course  of  the  nerve  trunks  exposes  them  to  damage  from 
many  morbid  processes  and  injuries,  which  have  been  enumerated  in  the 
section  on  general  causation.  The  superior  laryngeal  nerve  is  far  less  liable 
to  suffer  than  the  recurrent.  Disease  of  the  latter  is  the  most  frequent  cause 
of  laryngeal  palsy.  Aneurism  of  the  vessels  round  which  the  nerves  turn 
frequently  compresses  them,  and  the  left  suffers  from  this  cause  more  fre- 
quently than  the  right,  on  account  of  its  course  round  the  aorta.  Other 
causes  of  pressure  are  growths,  and  enlarged  glands  in  the  thorax,  cancer  of 
the  oesophagus,  and  enlargements  of  the  thyroid.  Paralysis  has  been  met 
with  in  some  cases  of  chronic  lung  disease,  and  has  probably  been  produced 
through  the  agency  of  enlargement  of  the  glands ;  the  paralysis  has  been 
unilateral  or  bilateral;  In  all  these  cases,  except  disease  of  the  superior 
laryngeal,  many  muscles  are  of  necessity  paralyzed,  although  the  resulting 
symptoms  are  not  always  the  same. 

(2)  The  laryngeal  muscles  are  often  weakened  by  processes  that,  involving 
no  organic  change  in  nerve  or  centre,  and  passing  away  completely  in  many 
instances,  are  termed  "functional."  The  morbid  process  may  be  central 
or  local  in  its  conspicuous  relations,  although  we  cannot  affirm  that  the  con- 
spicuous relation  always  corresponds  to  the  seat  of  the  morbid  process. 
The  chief  central  causes  are  hysteria,  and  the  nervous  weakness  that  attends 
anaemia  and  follows  prostrating  maladies.  The  local  causes  are  congestion 
and  inflammation  of  the  mucous  membrane,  and  over-use  of  the  larynx, 
especially  in  public  speaking.  We  cannot  altogether  separate  the  two 
classes,  since  local  and  central  disturbance  may  coincide  in  cases  that  appear 
to  be  of  local  origin  ;  hysterical  aphonia,  for  instance,  is  frequently  excited 
by  a  transient  laryngeal  catarrh.  Paralysis  of  the  larynx  has  been  thought 
to  be  occasionally  reflex  in  origin.  Thus,  abduction  palsy,  necessitating 
tracheotomy,  has  developed  without  traceable  cause  during  pregnancy  and 
has  passed  away  after  delivery.* 

(3 )  Paralysis  of  a  single  muscle  on  one  side  results  only  from  local  disease 
affecting  the  minute  branches  to  the  individual  muscles.  Laryngeal  growths, 
cellulitis,  and  ulceration  of  the  cartilages  are  occasional  causes ;  but  palsy  of 
this  nature  is  not  common.  Cold  has  been  supposed  to  excite  a  rheumatic 
neuritis  of  these  branches,  but  the  evidence  of  this  is  not  conclusive. 

Symptoms. — The  larynx  is  the  organ  of  voice  and  the  gate  of  the  air 
passages.  By  the  aid  of  the  laryngoscope  its  action  in  these  two  functions 
can  be  directly  observed.  The  evidence  of  paralysis  is  correspondingly 
threefold.  (1)  Voice  may  be  changed  or  lost;  (2)  the  entrance  of  air  in 
respiration  may  be  impeded ;  or  the  closure  of  the  glottis  in  cough  may  be 
impaired ;  (3)  the  defective  movement  can  be,  in  part  at  least,  directly 

*  Aysaguer,  L'  Union  Mid.,  March  31st,  1885. 


690 


CRANIAL   NERVES. 


observed.  The  phonic  and  respiratory  functions  are  subserved  by  the  same 
muscles  and  the  same  nerves,  but  by  centres  that  no  doubt  differ  in  ana- 
tomical connection  if  not  in  locality. 

The  vocal  cords  assume  after  death  a  position  of  slight  abduction  from 
the  middle  line— a  little  nearer  together  than  they  are  during  ordinary 
breathing.  This  position  must,  therefore,  be  regarded  as  that  of  muscular 
relaxation— of  the  rest  that,  during  life,  they  may  approximate,  but  never 
actually  attain.  During  phonation  the  cords  are  brought  together  and  made 
tense;  the  degree  of  approximation  and  tension  varies  according  to  the 
note  produced.  In  breathing,  the  cords  are  separated  during  inspiration, 
the  extent  of  abduction  being  proportioned  to  the  force  of  the  inspiration  ; 
during  expiration  they  are  brought  a  little  nearer  together  than  the  cadaveric 
position. 

If  there  is  complete  paralysis  of  all  the  muscles,  or  (what  is  the  common 
condition)  of  all  except  the  crico-thyroids,  the  vocal  cords  assume  the  cadav- 
eric position,  from  which  they  cannot  be  moved  (Fig.  277).  They  are 
not  approximated  on  an  attempt  to  phonate,  nor  do  they  recede  on  deep 
inspiration.    Hence,  vocal  sounds  cannot  be  produced.    In  deep  inspiration 


Fig.  277. 


Total  palsy  of  both  cords. 
Cadaveric  position. 


Fig.  278. 


Fig.  279. 


Similar  palsy  of  left  vocal  cord: 


Bilateral  abduction 
paralysis. 


the  current  of  air  may  bring  the  cords  a  little  nearer  together  than  normal, 
and  may  cause  slight  stridor.  Instead  of  the  natural  explosive  cough  there 
is  only  a  sudden  rush  of  air  through  the  glottis.  If  only  one  cord  is  para- 
lyzed, this  cord  alone  is  motionless  in  the  "cadaveric  position"  (Fig. 
278),  the  other  moves  normally.  Some  phonation  may  still  be  possible, 
because  the  unaffected  cord  may  be  over-adducted  beyond  the  middle  line, 
but  the  voice  is  low  pitched,  and  often  hoarse.  The  abduction  of  the  healthy 
cord  during  inspiration  prevents  stridor.  But,  unless  the  palsy  is  slight, 
the  glottis  cannot  be  closed  with  sufficient  firmness  to  effect  an  explosive 
cough.  Complete  paralysis  is  met  with  in  central  disease,  in  disease  of  the 
trunk  of  the  vagus,  or  in  disease  of  the  recurrent  laryngeal.  The  escape  of 
the  crico-thyroid  in  the  latter  case  does  not  materially  modify  the  condition 
of  the  larynx. 

In  other  cases  of  paralysis,  instead  of  complete  loss  of  movement,  with 
the  cords  in  the  cadaveric  position,  they  are  nearer  together  and  cannot  be 
abducted,  even  as  far  as  the  cadaveric  position  (Fig.  279).  They  can  be 
brought  closer  together  in  phonation  and  cough,  and  when  the  effort  ceases 
they  recede  a  little,  but  the  normal,  wide  recession  during  inspiration  does 


PNEUMOGASTRIC   NERVE.  691 

not  take  place.  There  is  paralysis  of  the  abductors;  the  posterior  crico- 
arytenoids. The  slight  recession  that  may  occur  is  due  to  the  elasticity  of 
the  attachments  of  the  cords.  The  position  of  the  cords,  and  the  amount 
of  recession,  depend  on  the  duration  of  the  paralysis.  The  adductors, 
unopposed,  undergo  secondary  contracture,  and  with  this  the  glottis 
becomes  permanently  narrower,  until  there  may  be  only,  at  widest,  a  narrow 
chink  between  the  cords.  The  tensors  are  still  active  as  well  as  the  adduc- 
tors, and  hence  voice  is  little  affected.  The  cords  are  indeed  always  in  the 
position  for  phonation.  The  chief  symptom  is  the  effecton  respiration.* 
The  normal  recession  of  the  cords  during  inspiration  does  not  take  place, 
and  they  are  even  brought  still  nearer  together  by  the  pressure  of  the 
in-rushing  air.  Hence,  inspiration  is  accompanied  by  a  whistling  stridor, 
often  very  loud  ;  the  hindrance  to  the  entrance  of  air  brings  into  action  the 
extraordinary  muscles  of  respiration,  and  inspiration  occupies  a  longer  time 
than  normal.  On  account  of  the  shape  of  the  cords  expiration  is  unim- 
peded ;  the  current  of  air  even  tends  to  separate  them.  The  absence  of  any 
affection  of  the  voice  often  misleads  the  diagnosis,  and  the  obstruction  is 
referred  to  the  trachea.  But  the  symptoms  differ  from  this  in  the  absence  of 
expiratory  stridor,  and  the  movement  of  the  larynx  up  and  down  during 
breathing  is  greater  than  is  ever  seen  in  tracheal  stenosis.  The  symptoms 
are  indeed  so  characteristic  that  the  diagnosis  can  be  made  with  certainty, 
even  without  the  aid  of  the  laryngoscope,  and  they  are  so  striking  that, 
once  witnessed,  they  can  scarcely  be  mistaken,  and  can  never  be  forgotten. 
The  urgent  dyspnoea  and  loud  stridor,  accompanied  as  they  may  be  with 
lividity  of  the  face  and  coldness  of  the  extremities,  are  alarming.  The 
danger  is  not  apparent  o.nly ;  the  slightest  catarrhal  swelling  of  the  cords 
suffices  to  occlude  the  narrowed  glottis,  and  prompt  laryngotomy  alone  may 
save  the  patient  from  death  by  suffocation.  This  account  is  true,  however, 
only  of  bilateral  palsy.  If  the  paralysis  is  unilateral,  the  affected  cord  is 
near  the  middle  line  and  motionless  ;  the  other  recedes  during  respiration, 
sometimes  to  a  greater  degree  than  normal ;  the  symptoms  are  slight  and 
may  even  be  absent.  The  recession  of  the  unaffected  cord  prevents  both 
stridor  and  dyspnoea. 

This  paralysis  of  abduction  may  be  due  to  central  disease  or  to  local 
causes.  It  has  been  known  to  follow  a  simple  laryngeal  catarrh.  In  some 
cases  its  etiology  is  uncertain.  Both  posterior  muscles  have  been  found 
destroyed  by  degeneration  when  all  the  other  laryngeal  muscles  were  healthy. 
It  is  possible  that  these  obscure  cases  are  also  of  central  origin.  But  a 
similar  paralysis  of  abduction  may  be  produced  by  disease  of  the  recurrent 
laryngeal,  although  this  nerve  contains  fibres  for  the  adductors  as  well  as  the 
abductors.  Instead  of  the  cadaveric  position  of  the  cord  and  the  complete 
immobility  found  in  many  cases  of  disease  of  the  recurrent,  the  cord  is  near 

*  Hence  this  palsy  was  termed  by  Tiirck  "  respiratory  paralysis,"  as  distinguished  from 
"phonic  paralysis,"  in  which  the  voice  is  affected,  while  the  conditions  in  which  both  func- 
tions are  disturbed  have  been  termed  "  mixed  paralysis."  This  somewhat  loose  division 
hardly  deserves  the  wide  adoption  it  has  obtained. 
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the  middle  line ;  further  adduction  is  still. possible,  but  there  is  no  abduc- 
tion, and  if  both  nerves  are  affected  the  symptoms  above  described  are 
present  in  characteristic  degree.  Much  ingenuity  has  been  expended  in 
attempting  to  explain  why  the  abductors  should  surfer  chiefly  from  disease, 
such  as  the  pressure  of  an  aneurism,  which  presumably  affects  all  the  fibres 
of  the  nerve.  Some  have  suggested  that  the  adductors  must  be  supplied 
also  by  the  superior  laryngeal,  an  hypothesis  unsupported  by  anatomy.  It 
has  also  been  suggested  that  the  fibres  for  the  abductors  may  be  superficial  in 
the  nerve,  and  so  suffer  first,  or  have  some  mysterious  special  proclivity  to 
disease.*  Others  have  remarked  that  the  abductors  suffer  most,  just  as  the 
abductors  and  extensors  of  a  limb  suffer  more  in  hemiplegia  than  the  adduc- 
tors and  flexors — a  doubtful  analogy  which  affords  no  explanation. 

The  fact  that  disease  of  the  recurrent  laryngeal,  affecting  all  fibres 
apparently  equally,  may  influence  abduction  more  than  adduction,  must  be 
taken  in  connection  with  another  fact,  that  electrical  stimulation  of  the 
recurrent  nerve  causes  adduction  of  the  cord.  In  the  former  case  we  are 
justified  in  presuming  that  all  the  muscles  supplied  under-act,  in  the  latter 
case  it  is  certain  that  all  over-act;  in  each  case  there  is  adduction.  It  is 
probable  that  the  explanation  will  be  found  in  the  relative  bulk  and  arrange- 
ment of  the  two  sets  of  fibres.  The  adductors  are  more  numerous  than  the 
abductors,  are  probably  more  bulky,  are  certainly  more  varied  in  arrange- 
ment, and  perhaps  act  at  greater  mechanical  disadvantage.  The  direction 
of  fhe  fibres  of  the  posterior  crico-arytenoids  seems  less  favorable  to  their 
action  on  the  arytenoid  cartilages  than  that  of  the  lateral  muscles,  and  when 
the  cords  are  adducted  the  relative  disadvantage  of  the  posterior  muscles 
must  be  increased.  Thus  an  equal  reduction  of  absolute  power  may  cause  a 
far  greater  impairment  of  the  abductors  than  of  the  adductors.  Hence  it  is 
better  to  speak  of  this  condition  as  an  impairment  or  loss  of  abduction, 
rather  than  as  paralysis  of  the  abductors.  The  abduction  palsy  with  narrow 
glottis  probably  results  from  damage  to  the  recurrent  nerves,  which  is 
incomplete  in  degree,  although  not  necessarily  partial  in  distribution.  The 
complete  palsy  with  cadaveric  position  of  the  glottis  is  the  consequence  of 
complete  paralysis  of  the  nerve.  Thus,  the  latter  has  been  observed  to 
follow  the  former  as  the  disease  progressed  (Schech,  Rosenbach). 

It  has  been  suggested  (first  by  Riegel)  that  the  adduction  in  disease  of  the 
recurrent  might  be  the  result  of  secondary  contracture  in  the  unopposed 
crico-thyroid,  which,  as  a  tensor  and  elongator  of  the  cords,  must  tend  to 
bring  the  cord  and  vocal  process  into  a  straight  line.  The  chief  difficulty 
in  accepting  this  explanation  is  that  the  adduction  is  not  invariable,  as  it 
should  be  were  it  the  result  of  a  secondary  contracture  of  the  unopposed 
crico-thyroid.  Nevertheless,  secondary  contracture  may  play  a  part  in  the 
phenomena  of  some  cases.  If  the  narrow  glottis  ever  persists  after  palsy 
has  become  complete,  it  may  be  from  secondary  contracture  and  shortening 
of  the  adductors,  perpetuated  by  tissue  changes  in  them. 

*  See  on  this  subject  Semon,  Archives  of  Laryngoscopy,  rSSi,  vol.  ii,  No.  3. 
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Disease  of  one  recurrent-  nerve  usually  affects  only  the  corresponding 
vocal  cord.  Paralysis  of  both  cords,  when  produced  by  organic  disease, 
is  usually  due  to  disease  of  both  recurrent  nerves  or  to  central  changes. 
But  three  cases  are  on  record  in  which  both  cords  were  paralyzed,  although 
only  one  recurrent  nerve  was  found  to  be  compressed  or  otherwise  dis- 
eased.* In  two  cases  the  paralysis  was  greater  on  the  side  of  the  lesion 
than  on  the  other.  The  paralysis  of  the  opposite  cord  is  supposed  to  be 
due  to  an  influence  on  the  centre. 

Paralysis  of  abduction  also  occurs  in  hysteria,  although  rarely;  it  is 
always  bilateral.  The  characteristic  symptoms  are  present,  inspiratory  stri- 
dor, often  intense,  with  unimpaired  phonation.  Most  recorded  cases  have 
recovered,  but  the  inspiratory  dyspnoea  may  be  alarming  in  its  intensity, 
and  it  is  probable  that  death  has  occurred  in  more  than  one  instance. 
In  a  case  of  morphia  habit  and  hysteria")"  the  patient  suffered  from  loud 
inspiratory  stridor,  absent  during  expiration,  not  interfering  with  phonation, 
and  due  to  abductor  paralysis.  It  disappeared  entirely  while  the  patient 
was  under  the  influence  of  morphia,  but  reached  an  alarming  intensity  when 
morphia  had  been  withheld  for  twelve  hours,  the  stridor  being  audible  all 
over  the  house.  Amaurosis  and  some  mental  derangement  coincided  with 
the  stridor.  She  recovered  rapidly  under  treatment,  which  consisted  in  a 
modification  of  the  Weir-Mitchell  system,  the  gradual  withdrawal  of  mor- 
phia, and  the  hypodermic  injection  of  strychnine.  The  abductor  paralysis 
has  been  mistaken  for  spasm,  on  account  of  the  stridor  that  accompanies  it  : 
but  the  circumstance  that  expiration  is  noiseless,  or  nearly  so,  and  speech 
unaffected,  effectually  distinguishes  it  from  spasm.  It  is  probable  that  many 
cases  of  so-called  hysterical  spasm  of  the  glottis  have  been  really  abductor 
P^sy.  , 

In  adductor  paralysis  the  cords  are  apart  and  cannot  be  brought  together. 
The  state  in  which  the  cords  are  in  the  cadaveric  position,  and  cannot  be 
moved,  should  not  be  spoken  of  as  adductor  paralysis,  because,  although 
these  muscles  are  paralyzed,  all  the  other  muscles  are  paralyzed  also.  The 
term  should  be  applied  only  to  the  cases  in  which  there  is  still  the  power 
of  abduction  in  deep  inspiration,  but  no  power  of  bringing  the  cords  nearer 
together  than  the  cadaveric  position.  Thus  defined,  adductor  paralysis  is 
rarely  due  to  organic  disease  of  the  nerves  or  centres. J  It  is  most  common 
as  a  partial  paralysis ;  the  cords  are  not  brought  together  in  phonation,  and 
the  patient  is  therefore  voiceless,  but  they  can  be  brought  together  in 
coughing.  Hence  this  has  been  termed  "  phonic  paralysis  "  (Tiirck).  It 
is  common  in  hysteria,  in  which  it  causes  the  so-called  "hysterical  aphonia," 
and  it  results  also  from  over-use  of  the  voice,  and  from  catarrhal  laryngitis. 

*  Baumler,  Johnson,  Sommerbrodt.  The  case  of  Sommerbrodt  was  one  of  traumatic 
damage. 

f  Seen  with  Mr.  W.  L.  Winterbotham,  of  Bridgewater.  The  diagnosis  of  the  laryngeal 
condition  was  confirmed  by  Dr.  Morell  Mackenzie. 

J  Navratil,  Berlin,  klin.  Wochenschrift,  i86g,  Nos.  36  and  37.  The  same  fact  has  been 
recently  emphasized  by  Dr.  Semon,  Arch,  of  Laryngology,  loc.  cit. 
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It  is  also  said  sometimes  to  result  from  cold  without  laryngitis  (Bose).  In 
hysterical  aphonia  the  patient  is  sometimes  able  to  sing,  although  she  can 
only  speak  in  a  whisper  (v.  Bruns). 

Another  form  of  partial  adductor  palsy  is  due  to  loss  of  power  in  the 
arytenoideus ;  the  result  is  defective  closure  of  the  posterior  part  of  the 
glottis,  and  hoarseness  or  loss  of  voice.  Little  is  known  of  the  symptoms 
and  causes  of  paralysis  of  the  tensors  of  the  vocal  cords,  beyond  the  fact 
that  palsy  of  the  internal  fibres  of  the  thyro-arytenoideus  causes  the  edge  of 
the  cord  to  be  concave.  The  eifect  on  the  voice  is  similar  to  that  of  the 
preceding  palsy,  and  the  two  are  sometimes  associated. 

For  the  exact  diagnosis  of  these  laryngeal  palsies  the  examination  of  the 
larynx  by  means  of  the  laryngoscope  is  essential.  But  it  may  be  useful 
to  compare  the  symptoms  presented  by  the  chief  forms  of  paralysis,  since 
they  often  suggest  very  clearly  the  nature  of  the  affection.  In  the  follow- 
ing table  the  symptoms  are  enumerated  in  the  first  column,  the  condition 
seen  with  the  laryngoscope  in  the  second,  and  the  form  of  paralysis  in  the 
third.  The  inability  to  effect  an  explosive  cough  is  of  great  significance  as 
evidence  of  a  palsy  of  organic  origin,  in  the  absence,  of  course,  of  organic 
disease  of  the  larynx.  Entire  loss  of  voice,  as  well  as  of  cough,  suggests 
bilateral  palsy  of  grave  organic  nature,  but  without  loss  of  cough  it  indicates 
unimportant  adduction  palsy.  Loss  of  cough  without  loss  of  voice  suggests 
paralysis  of  one  cord.  Loud  inspiratory  stridor  without  loss  of  voice 
means  abduction  paralysis. 


SYMPTOMS. 

SIGNS. 

LESION.. 

No  voice;  no  cough ; 
stridor  only  on  deep 
inspiration. 

Voice  lowpitched  and 
hoarse  ;    no  cough  ; 
stridor    absent   or 
slight     on    deep 
breathing. 

Voice  little  changed ; 
cough   normal;    in- 
spiration   d  i  ffi  c  u  1 1 
and  long,  with  loud 
stridor. 

Symptoms    inconclu- 
sive, little  affection 
of  voice  or  cough. 

No  voice  ;  perfect 
cough  ;  no  stridor 
or  dyspnoea. 

Both    cords    moderately    abducted 
and  motionless. 

One  cord  moderately  abducted  and 
motionless,  the  other  movingfreely, 
and  even  beyond  the  middle  line 
in  phonation. 

Both  cords  near  together,  and  dur- 
ing inspiration  not  separated,  but 
even  drawn  nearer  together. 

One  cord  near  the  middle  line  not 
moving    during    inspiration,    the 
other  normal, 

Cords  normal  in  position  and  mov- 
ing normally  in  respiration,  but  not 
brought  together  on  an  attempt  at 
phonation. 

Total    bilateral 
palsy. 

Total  unilateral 
palsy. 

Total  abductor 
palsy. 

Unilateral  abduc- 
tor palsy. 

Adductor  palsy. 

Anmsthesia  of  the  larynx  is  rare.     It  results  from  disease  of  the  superior 
laryngeal  nerve,  or  the  roots  of  the  vagus ;  it  is  occasionally  met  with  in 
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degenerations  of  the  medulla,  but  is  then  usually  incomplete.  It  may  form 
part  of  hemianesthesia  of  hysterical  or  cerebral  origin.  In  the  latter  case 
reflex  action  is  unimpaired ;  in  disease  of  the  nerve  or  medulla  it  is  lost. 
General  anaesthesia  about  the  entrance  to  the  larynx  is  said  to  have  been 
met  with  in  hysterical  aphonia. 

SPASM  OF  THE  LARYNX. 

The  common  form  of  spasm  of  the  laryngeal  muscles  is  that  of  the  adduc- 
tors. The  muscles  that  close  the  glottis  are  more  powerful  than  those  that 
open  it,  no  doubt  because  firm  closure  is  necessary  for  the  process  of  cough- 
ing, and  in  order  to  fix  the  thorax  during  muscular  effort.  Moreover,  the 
reflex  mechanism  is  connected  chiefly  with  the  glottis  closers,  doubtless  to 
protect  the  air  passages  from  foreign  bodies  or  to  aid  in  the  expulsion,  by 
coughing,  of  any  irritant  substances  that  have  gained  an  entrance.  Hence, 
any  nerve  irritation,  direct,  central,  or  reflex,  causes  closure,  and  it  is  not 
surprising  that  spasm  accompanies  a  large  number  of  laryngeal  diseases, 
varying  in  its  prominence  according  to  the  irritative  nature  of  the  disease 
and  the  excitability  of  the  reflex  mechanism.  The  latter  is  far  more  intense 
in  children  than  in  adults,  and  hence  in  them  the  slightest  laryngeal  catarrh 
gives  rise  to  spasm.  Attacks  occur  especially  at  night,  when  the  reflex 
mechanism,  released  by  sleep  from  the  control  of  the  higher  centres,  is  in 
its  most  active  state.  Spasm  may  occur  from  irritation,  not  only  of  the 
superior  laryngeal  nerve,  but  also  from  that  of  the  vagus  below,  as  when  the 
latter  is  compressed  by  a  tumor  in  the  upper  part  of  the  chest ;  the  afferent 
impression  is  due  to  irritation  of  the  sensory  fibres  from  the  trachea.  Reflex 
spasm  is  always  bilateral.  Direct  spasm  from  irritation  of  one  recurrent 
laryngeal  usually  involves  only  one  vocal  cord,  but  in  a  few  cases  spasm  so 
excited  has  been  bilateral.  This  may  be  explained  either  by  the  irritation 
of  some  afferent  fibres,  or  (according  to  Krishaber)  by  spasm  of  the  aryte- 
noideus,  which  is  a  bilateral  muscle. 

Simple  spasm  occurs  in  rickety  children,  in  whom  the  nervous  system  is 
in  a  condition  of  excessive  reflex  excitability.  In  this  form,  which  is  termed 
"laryngismus  stridulus,"  the  vasomotor  and  cardiac  centres  of  the  medulla 
are  also  deranged  ;  the  child,  on  some  exciting  cause,  as  a  start,  a  peripheral 
impression,  or  even  without  apparent  cause,  suddenly  turns  pale,  is  unable 
to  get  its  breath  for  a  few  seconds,  and  then,  the  spasm  relaxing,  air  is 
drawn  through  the  slowly-opening  glottis  with  a  crowing  noise.  Paroxysmal 
attacks  of  laryngeal  spasm  sometimes  occur  in  adults,  usually  in  the  night. 
They  are  apparently  analogous  to  attacks  of  asthma,  the  spasm  affecting  the 
larynx  instead  of  the  bronchial  tubes.  The  sufferer  wakes  up  with  a  feeling 
of  suffocation,  intense  difficulty  of  breathing,  and  loud  laryngeal  stridor, 
which  after  a  few  minutes  passes  away.  During  the  duration  of  the  spasm 
the  distress  may  be  extreme,  the  patient  tears  open  his  clothes,  and  may 
seem  at  the  point  of  death.  Such  occasional  attacks  have  been  known  to 
recur  from  time  to  time  during  many  years.  They  have  been  known  to 
replace  attacks  of  migraine  (Liveing),  and  are  occasionally  met  with  in  the 
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subjects  of  locomotor  ataxy,  in  whom  they  have  been   termed  "  laryngeal 
crises  "  (see  p.  301). 

The  paroxysms  of  laryngismus  stridulus  probably  differ  only  in  degree 
from  the  general  convulsions  that  are  also  common  in  rickety  children.  In 
most  epileptic  convulsions,  laryngeal  spasm  also  occurs,  and  determines  the 
character  of  the  initial  "epileptic  cry."  During  the  paroxysms  of  hydro- 
phobia there  is  also  spasm  of  the  glottis. 

Lastly,  spasm  of  the  larynx. is  met  with  in  certain  general  neuroses,  in 
tetany*  rarely,  in  hysteria  occasionally.  In  the  latter  it  may  occur  in 
paroxysmal  or  more  continuous  form.  The  paroxysmal  form  constitutes  one 
variety  of  hysteroid  convulsion.  Instances  of  this  are  described  in  the 
chapter  on  hysteria.  The  continuous  form  is  very  rare.  There  is  stridor 
with  inspiration  and  expiration,  the  voice  is  feeble,  and  there  may  be  hys- 
terical rapid  breathing.  The  diagnosis  from  hysterical  abduction  paralysis 
rests  on  the  fact  that  the  stridor  in  spasm  accompanies  inspiration  as  well  as 
expiration,  and  the  voice  is  more  altered  than  in  abduction  palsy,  in  which 
also  the  loud  whistling  inspiration  contrasts  with  the  almost  noiseless  expira- 
tion. The  laryngeal  symptoms  usually  partake  of  the  character  of  the  other 
disturbances  that  may  be  present ;  the  spasm  is  accompanied  by  other 
spasmodic  or  convulsive  symptoms ;  the  paralysis,  by  loss  of  power  or  of 
sensibility.  It  is  probable  that  some  cases  of  supposed  spasm  have  been 
really  instances  of  abduction  paralysis. 

A  rare  condition  of  functional  spasm  has  been  described, f  in  which 
spasm  is  excited  by  attempts  to  speak.  It  is,  so  to  speak,  the  converse  of 
phonic  paralysis.  In  the  latter  the  cords  cannot  be  brought  together  in 
speaking  ;  in  the  functional  spasm  they  are  brought  together  too  forcibly. 
Either  the  patient  cannot  speak  or  speaks  at  first  in  an  altered  voice,  which 
ceases  altogether  when  a  greater  effort  is  made,  on  account  of  the  increased 
spasm  that  the  effort  induces.  Apart  from  attempts  to  speak  there  is  no 
laryngeal  disturbance.  It  has  been  termed  "spastic  aphonia  "  or  "  phonic 
laryngeal  spasm"  by  Schnitzler,  "spastic  dysphonia"  by  Schech,  and 
"coordinated  laryngeal  spasm"  by  Nothnagel,  because  he  observed  it  to 
accompany  other  voluntary  movements  of  the  larynx  besides  those  of  speech, 
while  it  was  absent  in  all  involuntary  and  automatic  movements.  The 
spasm  may  be  attended  with  pain  in  the  larynx  and  even  in  the  upper  part 
of  the  thorax  (Jurasz).  The  affection  has  been  compared  to  writers'  cramp, 
but  differs  from  this  in  its  general  etiological  relations,  and  irf  its  greater 
amenability  to  treatment.  A  closer  analogy  to  writers'  cramp  was  presented 
by  a  case  reported  by  Gerhardt,  in  which  the  patient  had  actually  suffered 
from  writers'  cramp  and,  at  the  age  of  fifty,  learned  to  play  the  flute. 
The  act  of  blowing  the  flute  brought  on  laryngeal  spasm  and  an  unintended 
voice  sound,  accompanied  by  muscular  contractions  in  the  arm  and  angle  of 
the  mouth. 


*  Killian,  Monatsschr.  f.  Ohrenkr.,  etc.,  18S4. 

t  Schnitzler  (1875),  Schech  (1879),  Nothnagel  (1881),  Fritsche,  Jurasz  (1880). 
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PULMONARY  BRANCHES. 
The  influence  of  general  disturbance  of  the  pneumogastric  on  the  respi- 
ratory movements,  and  the  spasm  that  results  from  irritation  of  the  afferent 
pulmonary  nerves,  have  been  already  described.  The  muscular  fibres  of 
the  bronchi  are  supplied  by  this  nerve,  and  their  paroxysmal  contraction 
in  asthma  has  been  thought  to  be  produced  through  its  agency.  It  has 
also  been  asserted  that  the  plain  muscular  fibres,  said  to  exist  in  the  pulmonary 
tissue,  are  supplied  by  the  pneumogastric  (Gerlach),  and  their  contraction  has 
been  assumed  to  explain  a  peculiar  form  of  emphysema  observed  in  a  case 
of  compression  of  the  pneumogastric  (Tuczek)  ;  but  the  compression  caused 
also  deep  breathing  of  a  costo-superior  type,  and  the  emphysema  may  have 
been  merely  the  result  of  the  energetic  movement  consequent  on  the  stimu- 
lation of  the  respiratory  centre.  The  pneumogastric  is  commonly  believed  to 
contain  vasomotor  fibres  for  the  vessels  of  the  lungs,  but  Brown-Sequard 
and  Franck  have  separately  shown  that  these  fibres  are  contained, 
not  in  the  vagus,  but  in  the  sympathetic.  Vascular  lesions  of  the  lungs 
have,  however,  been  observed  after  section  of  the  vagus.  Michaelson  noted 
rapid  congestion  and  hemorrhage  ;  it  is  possible  that'this  may  have  been  of 
reflex  origin,  produced  through  the  agency  of  the  sympathetic.  But  in 
man,  acute  lesions  of  the  pons  sometimes  causes  rapid  vascular  changes  in 
the  lungs  ;  in  one  case  of  hemorrhage  into  the  pons,  fatal  in  two  hours,  I 
found  intense  congestion  with  extravasation  into  the  left  lung,  and  hemor- 
rhages in  the  left  extremity  of  the  stomach.  After  section  of  the  vagus, 
animals  die  from  chronic  pneumonia,  and  hence  the  vagus  has  been  supposed 
to  be  a  trophic  nerve  for  the  lungs.  But  the  changes  have  been  accounted 
for  by  the  entrance  into  the  bronchi  of  food  from  the  pharynx,  in  conse- 
quence of  the  obstructive  paralysis  of  the  oe  ophagus,  and  the  paralysis  of 
the  larynx  (Traube,  Steiner).  All  admit  that  this  is  one  cause  of  the  pul- 
monary affection,  but  opinions  differ  as  to  the  extent  of  its  influence. 

CARDIAC  BRANCHES. 
The  inhibitory  effect  of  irritation,  and  the  acceleration  of  the  heart's  action 
that  results  from  lessened  action  of  the  vagus,  have  been  before  alluded  to. 
Increased  frequency  has  been  several  times  observed  in  cases  of  local  disease 
of  the  vagus  in  the  thorax,  compression  by  mediastinal  tumors,  etc.  In  a 
case  of  phthisis,  for  instance,  in  which  the  pulse  was  at  first  occasionally, 
and  afterward  constantly,  frequent  (130-148),  Meixner  found  the  left  vagus 
enclosed  in  a  mass  of  enlarged  glands  in  the  upper  opening  of  the  thorax.  The 
vagus  is  also  the  afferent  nerve  from  the  heart,  and  although  we  are  normally 
unconscious  of  the  cardiac  action,  some  of  the  disordered  sensations  of  dis- 
ease are  apparently  produced  through  its  agency.  In  some  anginal  attacks 
the  heart's  action  is,  for  a  time,  arrested  or  retarded,  and  in  a  few  cases 
these  symptoms  have  been  found  associated  with  organic  disease  of  the  car- 
diac plexus.  Thus,  in  a  case  in  which,  during  paroxysms  of  intense  anginal 
anguish,  the  heart's  action  was  arrested  for  four  or  six  pulsations,  Heine 
found  a  tumor  involving  the  cardiac  plexus.  In  a  case  recorded  by  Blandin 
44 
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anginal  attacks  were  associated  with  a  small  tumor  of  the  vagus.  Further, 
there  are  afferent  fibres  from  the  heart,  inhibiting  the  action  of  the  vaso- 
motor centre,  and  these  are  probably  disturbed  in  some  anginal  seizures. 

After  disease  or  injury  of  the  vagus,  the  heart  has  been  found  in  a  state  of 
fatty  degeneration,  and  hence  it  has  been  thought  that  the  vagus  contains 
trophic  fibres  for  the  cardiac  substance. 

GASTRIC  BRANCHES. 

The  branches  to  the  oesophagus  are  rarely  diseased  except  in  cases  of  affec- 
tion of  the  nerve  trunk  or  of  the  centre.  In  very  rare  cases  such  disease 
has  caused  difficulty  in  swallowing,  simulating  stricture.  Spasm  of  the 
oesophagus  is  far  more  frequent.  The  vagus  is  the  sensory  nerve  for  the 
stomach.  Its  fibres  are  very  sensitive  to  any  local  irritation,  and  not  rarely 
the  seat  of  spontaneous  neuralgia.  Hunger  is  generally  believed  to  be  a 
pneumogastric  sensation,  and  complete  loss  of  the  sensations  of  hunger  and 
thirst  was  noted  in  a  case  of  softening  of  the  root  of  the  vagus  from  an 
aneurism  of  the  vertebral  artery  (Johnson).  Appetite,  however,  is  not 
always  lost  in  animals  when  the  pneumogastrics  have  been  divided  (Reid). 
In  some  cases  of  disease  of  the  nerve  excessive  appetite  has  been  present. 
This  symptom,  for  instance,  was  noted  in  one  case,  in  conjunction  with 
dyspnoea,  noisy  breathing  and  vomiting  of  unaltered  food  ;  post-mortem 
both  pneumogastrics  were  found  atrophied  (Swan).  In  another  case  of 
insatiable  appetite,  small  neuromata  were  found  on  the  nerve.  It  is  possible 
that  the  symptom  may  be  partly  the  result  of  the  defective  digestion  of 
food. 

The  pneumogastric  is  also  in  part  the  motor  nerve  of  the  stomach  ;  after 
its  section  the  contractions  of  the  organ  are  lessened,  although  not  alto- 
gether arrested.  Vomiting  is  probably  produced  through  its  agency,  by 
varied  reflex  and  central  irritation.  In  the  latter  case  (as  in  meningitis) 
the  vomiting  is  sometimes  extremely  rapid.  I  have  known  paroxysmal 
vomiting  to  result  from  the  intermitting  pressure  of  a  tumor  on  the  vagus ; 
and  Boinet,  having  exposed  the  vagus  in  an  operation  in  the  neck,  noted 
that  whenever  he  touched  the  nerve  the  patient  vomited. 

The  vagus  accelerates  the  contraction  of  the  intestines,  but  no  intestinal 
symptoms  have  been  observed  from  its  disease. 


Prognosis. — The  prognosis  in  every  case  depends  chiefly  upon  the  nature 
of  the  disease  that  interferes  with  the  function  of  the  nerve.  It  is  good 
only  when  the  disturbance  is  not  due  to  organic  disease.  In  the  diseases  in 
which  the  local  symptoms  form  part  of  a  wider  functional  disturbance,  as  in 
the  case  of  hysteria,  the  prognosis  is  described  in  the  account  of  those 
diseases. 

Diagnosis. — The  chief  symptoms  on  which  the  diagnosis  of  disease  of 
the  vagus,  in  any  given  case,  depends,  are  the  laryngeal  paralysis,  retarded 
respiration,  accelerated  or  retarded  action  of  the  heart,  and  vomiting.    The 
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diagnosis  of  the  seat  of  the  disease  rests  upon  the  distribution  of  the  symp- 
toms, and  on  the  associated  disturbance.  Disease  of  the  trunk  of  the  vagus 
is  much  less  common  than  disease  of  its  branches  or  roots.  Paralysis  of  one 
vocal  cord,  for  instance,  is  almost  always  the  result  of  pressure,  either  on  the 
recurrent  laryngeal  or  on  the  roots  of  the  spinal  accessory  at  the  medulla. 
In  the  former  case  there  are  indications  of  disease  in  the  thorax  ;  in  the  latter 
other  nerves  suffer,  especially  the  hypoglossal.  Bilateral  paralysis  of  the  larynx, 
if  considerable,  suggests  central  disease — degeneration  of  the  nuclei  in  the 
medulla  ;  if  slight,  it  may  be  of  local  origin  and  independent  of  a  lesion  of 
the  nerve  itself,  as  in  the  case  of  the  •'  phonic  "  adduction  palsy.  Disease 
of  both  recurrent  laryngeals  is  very  rare,  but  it  must  be  remembered  that 
disease  of  one  recurrent  has  been  known  to  influence  both  cords.  In  most 
cases  of  pressure  on  the  nerve,  the  compressing  disease  causes  other  obtru- 
sive indications  of  its  presence  and  position,  the  chief  exception  being 
deeply-seated  tumors  of  the  thorax. 

Treatment. — The  chief  element  in  treatment  is  to  remove  the  morbid 
process  by  which  the  damage  to  the  nerve  is  produced  ;  the  measures  to  be 
employed  must  vary  according  to  the  nature  of  the  process,  and  have  been 
already  fully  described  in  connection  with  the  other  cranial  nerves.  The 
frequency  with  which  a  lesion  of  the  nerve  roots  is  due  to  syphilis  must  be 
especially  remembered.  Central  degenerative  processes  are,  for  the  most 
part,  beyond  the  influence  of  drugs ;  their  treatment,  as  far  as  it  is  prac- 
ticable, is  described  in  the  section  on  glosso-labial  paralysis. 

The  chief  division  of  the  pneumogastric  for  which  special  treatment  may 
be  necessary  is  that  for  the  larynx.  The  causes  of  organic  damage  to  the 
recurrent  nerves  are  generally  grave  progressive  diseases,  such  as  cancer  or 
aneurism,  beyond  the  effective  range  of  medicine  or  surgery.  The  fact  that 
scrofulous  enlargement  of  lymphatic  glands  is  an  occasional  cause  of  com- 
pression of  the  recurrent  nerves  should  be  remembered,  and  cod-liver  oil, 
iodide  of  potassium  and  arsenic  should  be  given  whenever  it  is  probable 
or  even  possible  that  the  disease  is  of  this  nature.  Moreover,  here  also 
syphilis  may  be  at  work. 

In  paralysis  secondary  to  inflammation  of  the  larynx  or  to  cold,  the  appro- 
priate treatment  for  the  laryngeal  disease  should  be  combined  with  stimu- 
lating applications  or  blisters  to  the  exterior  of  the  larynx.  The  insufflation 
of  strychnine  has  been  recommended,  but  the  amount  absorbed  is  uncertain 
and  variable,  and  dangerous  symptoms  have  ensued.  It  is  probable  that  all 
the  good  which  strychnia  can  accomplish  is  to  be  obtained  from  its  adminis- 
tration by  the  stomach  or  the  skin.  Hypodermic  injections  are  unquestion- 
ably useful  in  laryngeal  palsy  ;  gr.  -fa—g^  °f  tne  nitrate  may  be  injected  daily. 
It  is  of  especial  value  in  hysterical  paralysis,  in  phonic  paralysis  and  in  diph- 
theritic palsy. 

Electricity  has  been  used  in  various  ways:  (i)  One  electrode  has  been 
introduced  into  the  larynx  and  placed  near  the  paralyzed  muscle,  with  the 
guidance  of  the  laryngoscopic  mirror,  the  other  electrode  being  placed  out- 
side the  larynx.     (2)  A  double  laryngeal  electrode  has  been  used,  with  two 
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small  rheophores  close  together.  (3)  One  electrode  has  been  placed  in  the 
pharynx  at  the  back  of  the  larynx,  the  other  outside.  (4)  Both  poles  have 
been  placed  outside  the  larynx,  and  the  current  passed  through  it.  The 
intralaryngeal  application,  even  in  the  most  skillful  hands,  is  not  pleasant 
to  the  patient,  and  can  only  be  borne  for  a  few  seconds  at  a  time.  The 
percutaneous  method  is  painful,  although  far  less  so  than  the  other;  a 
stronger  current  can  be  borne,  and  for  a  longer  time,  and  if  the  current 
cannot  be  localized  with  the  same  precision,  the  muscles  can  be  more  effect- 
ually stimulated.  The  positive  rheophore  may  be  pressed  behind  the  jaw, 
and  the  negative  pressed  firmly  and  moved  down  the  side  of  the  larynx  and 
trachea.  In  thin  persons,  at  least,  the  superior  and  inferior  nerves  may  be 
thus  directly  stimulated.  Either  faradaism  or  voltaism  may  be  applied 
externally  ;  in  organic  disease  of  the  nerve  the  latter  only  will  influence  the 
muscle.  But  the  value  of  electricity  in  organic  disease  of  the  nerves  is 
probably  not  great.  In  functional  palsy,  phonic  paralysis  and  the  like,  the 
nerves  not  being  degenerated,  faradaism  can  be  employed  and  is  often  dis- 
tinctly useful.  It  is  highly  probable  that  the  chief  results  obtained  by 
electricity  are  due  to  the  stimulation  of  the  sensory  nerves,  and  to  the  indi- 
rect influence  thus  exerted  on  the  centres. 

In  the  gravest  form  of  laryngeal  palsy,  paralysis  of  the  postici,  the  utility 
of  electricity  is  practically  limited  to  hysterical  cases,  and  even  in  them  it 
must  be  employed  with  some  caution.  The  separate  stimulation  of  the 
postici  can  only  be  effected  by  the  intrapharyngeal  method,  the  electrode 
being  placed  at  the  back  of  the  cartilage,  a  little  on  one  side  of  the  middle 
line.  Any  other  method  of  application  will  stimulate  the  adductors  far 
more  than  the  abductors,  and  so  increase  the  perilous  constriction  of  the 
glottis.  Even  the  intrapharyngeal  method  is  not  free  from  this  danger.  All 
stimulation  of  the  sensory  nerves  has  a  reflex  action  chiefly  on  the  adductors, 
by  virtue  of  the  central  reflex  mechanism  for  guarding  the  air  passages 
against  the  entrance  of  foreign  bodies.  Hence,  even  the  intrapharyngeal 
application  is  in  danger  of  doing  more  harm  indirectly  than  good  directly. 

In  some  cases  of  phonic  paralysis,  careful  laryngeal  gymnastics  have  been 
found  of  service,  as  in  making  the  patient  utter  or  sing  certain  simple  vowel 
sounds  without  complicating  articulation.  Treatment  by  manipulation  of 
the  larynx  was  proposed  some  years  ago  by  Oliver,*  and  has  been  found 
useful  by  Gerhardt  and  others.  It  consists  in  pressing  firmly  with  the  thumb 
and  forefinger  on  each  side  of  the  thyroid  cartilage,  at  the  upper  and  hinder 
part.  During  the  compression  the  patient  is  made  to  utter  a  simple  sound, 
and  then  is  often  able  to  speak,  at  first  in  a  weak,  and  afterward  in  a 
stronger  voice.  Vocalization  once  effected,  the  patient  is  often  able  to 
continue  to  speak.  Laryngoscopy  examination  during  the  compression 
shows  that  the  manipulation  approximates  the  arytenoid  cartilages  and  the 
vocal  cords,  and  at  the  same  time  makes  them  tense.  The  treatment  of 
hysterical  aphonia  is  described  in  the  chapter  on  that  disease. 


*  American  Journal  of Medical  Science,  April,  1870,  p.  305. 
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In  the  treatment  of  laryngeal  spasm  the  most  important  thing  is  the 
removal  of  the  condition  on  which  it  depends,  by  the  treatment  of  any 
local  laryngeal  irritation  and  of  any  diathetic  state  which  exalts  the  irrita- 
bility of  the  central  nervous  system.  Bromide  of  potassium  or  ammonium 
at  once  lessens  the  irritability,  and  cocain  applied  as  a  spray  has  a  like 
action,  but  these  are,  in  most  instances,  palliative  only.  Useful  as  they  are 
in  removing  spasm  for  a  time,  it  is  necessary  also  to  strengthen  the  nerve 
centres  by  tonics  in  order  to  prevent  a  recurrence.  The  spasm  is  usually 
removed  for  a  time  by  the  inhalation  of  chloroform,  and  often  by  nitrite  of 
amyl.  Ten-grain  doses  of  chloral  have  been  recommended  by  Johnson  as  a 
substitute  for  chloroform,  but  chloral  is,  as  a  rule,  inferior  to  bromide. 
Spasm  due  to  local  laryngeal  irritation  is  often  relieved  by  a  necklet  of  ice  ; 
a  long  narrow  tube  is  made  with  gutta-percha  tissue,  the  edges  being  stuck 
together  by  means  of  chloroform,  and  this  is  filled  with  small  pieces  of  ice  and 
placed  round  the  neck. 

SPINAL  ACCESSORY  NERVE. 

(EXTERNAL  PART.) 

Of  the  two  parts  of  which  the  spinal  accessory  nerve  consists,  the 
"accessory"  part  (which  arises  from  the  medulla  oblongata,  and,  joining 
the  pneumogastric,  supplies  the  larnygeal  muscles)  has  been  already  described. 
The  "spinal"  portion,  as  it  is  termed  from  its  origin,  or  "external  por- 
tion," as  it  is  sometimes  called  from  its  distribution,  is  virtually  a  series  of 
fibres  of  the  motor  cervical  nerves,  that  have  the  'unusual  course  of  ascend- 
ing to  the  cranial  cavity  and  leaving  it  again  with  one  of  the  cranial  nerves 
to  be  distributed  to  the  cervical  muscles.  The  root  fibres  arise  from  the 
middle  of  the  lateral  column  of  the  cord,  but  the  fibres  pass  through  this, 
and  spring  from  the  nerve  cells  of  the  anterior  cornu,  just  as  do  the  anterior 
roots  of  the  cervical  nerves.  As  the  fibres  have  the  same  origin  as  the  motor 
cervical  nerves,  so  they  have  the  same  distribution — to  two  cervical  mus- 
cles, the  sterno-mastoid  and  trapezius,  which  are  supplied  in  part  by  this 
nerve,  and  in  part  by  the  cervical  nerves.  The  nerve  usually  perforates  the 
sterno-mastoid,  and  supplies  this  muscle  almost  entirely,  the  other  nerves 
to  it  being  unimportant  branches  from  the  second  and  third  cervical  pairs. 
The  fibres  can  be  traced  almost  down  to  the  lower  border  of  the  trapezius, 
but  this  muscle  receives  a  larger  supply  from  the  cervical  and  upper  dorsal 
nerves.  Only  paralysis  of  the  nerve  is  here  described.  The  muscles  supplied 
by  it  are  frequently  the  seat  of  spasm,  which  produces  the  condition  known 
as  "  torticollis."  But  the  spasm  often  passes  beyond  the  distribution  of  this 
nerve,  and  is  therefore  more  conveniently  considered,  in  connection  with 
other  forms  of  spasm,  at  a  later  page. 

Causes. — The  nuclear  gray  matter  from  which  the  nerve  arises  may  par- 
ticipate in  central  degeneration,  causing  wasting  in  these  muscles,  associated 
with  more  extensive  muscular  atrophy  (see  p.  350).  The  nerve  may  be 
damaged  in  the  neighborhood  of  the  foramen  magnum  by  local  meningitis 
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and  compression,  and  both  nerves  may  be  thus  affected.  At  the  side  of  the 
medulla  the  external  part  often  suffers  with  the  hypoglossal  and  with  the 
fibres  for  the  larynx.  Outside  the  skull  it  may  be  damaged  by  wounds, 
by  deep-seated  tumors,  by  caries  of  the  higher  cervical  vertebrae,  and  by 
abscesses  springing  from  the  cervical  glands,  and  sometimes,  although 
rarely,  by  rheumatic  neuritis. 

Symptoms.— The  effect  of  disease  of  the  nerve  is  paralysis  of  the  muscles 
supplied  by  it.  If  the  trunk  of  the  nerve  is  diseased,  the  sterno-mastoid 
suffers  much  more  than  the  trapezius,  and  the  latter  chiefly  in  its  higher  parts. 
Wasting  almost  always  accompanies  the  loss  of  power.  The  paralysis  of  the 
sterno-mastoid  is  shown  by  an  absence  of  the  normal  prominence  of  the 
muscle  in  movements  of  the  head,  and  by  defective  power  of  rotation  of  the 
head  to  the  side  opposite  to  the  paralysis.  Paralysis  of  one  sterno-mastoid 
does  not  cause  any  deviation  of  the  head  when  at  rest,  but  such  deviation 
may  arise  from  secondary  contraction  of  the  unopposed  muscle  on  the  other 
side.     There  is  no  such  thing  as  a  pure  paralytic  torticollis. 

The  only  part  of  the  trapezius  that  is  completely  paralyzed  by  disease  of 
the  spinal  accessory  nerve  is  the  highest  portion,  which  descends  from  the 
occipital  bone  to  the  acromion.  Instead  of  the  nearly  straight  contour 
which  this  muscle  gives  to  the  outer  side  of  the  neck  in  the  normal  condition, 
the  neck  presents  a  concave  curve,  and  the  difference  between  the  two  sides 
is  brought  out  strongly  by  a  deep  inspiration,  the  action  in  which  this 
muscle  is  chiefly  employed.  The  weakening  of  the  second  part  of  the 
trapezius  allows  the  shoulder  to  fall  a  little  ;  the  scapula  recedes  from  the 
spine  and  is  rotated,  the  lower  angle  inward,  in  consequence  of  the  unop- 
posed action"  of  the  rhomboids  and  the  levator  anguli  scapulae.  Elevation 
of  the  arm  is  also  impaired,  because  the  deltoid  has  lost  some  of  the  support 
from  which  it  acts.  But  the  middle  part  of  the  trapezius  is  never  completely 
paralyzed  from  disease  limited  to  the  accessory  nerve,  by  reason  of  the 
additional  innervation  from  the  spinal  nerves. 

In  bilateral  paralysis  of  these  muscles  the  power  of  supporting  the  head  in 
the  upright  posture  is  impaired.  If  both  sterno-mastoids  are  affected,  the 
head  tends  to  fall  backward  ;  if  both  trapezii,  it  readily  sinks  forward,  so 
that  the  chin  rests  on  the  sternum.  Such  defective  power  of  support  of  the 
head  is  not  uncommon  in  children  in  consequence  of  chronic  meningitis 
about  the  foramen  magnum,  damaging  both  spinal  accessory  nerves ;  and 
it  is  conspicuous  in  many  cases  of  progressive  muscular  atrophy  (Fig.  128). 
In  recent  cases  of  injury  to  the  nerve,  the  muscles  present  the  characteristic 
reaction  of  nerve  degeneration.  In  central  disease  the  reaction  varies,  as  it 
does  elsewhere  in  progressive  muscular  atrophy. 

The  distribution  of  the  symptoms  differs  according  to  the  seat  of  the  dis- 
ease. When  this  is  in  the  central  gray  matter  other  muscles  are  always 
involved,  and  the  distribution  of  the  paralysis  in  the  region  of  the  spinal 
accessory  varies  much.  As  a  rule,  the  highest  part  of  the  trapezius  suffers 
later  than  the  rest  of  the  muscle,  and  for  this  reason  Duchenne  called  it  the 
ultimum  moriens.     But  this  rule  is  not  invariable ;  I  have  known  this  part 
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to  be  the  first  to  suffer.  In  disease  of  the  trunk  of  the  nerve  all  parts  are 
involved.  Not  infrequently  the  nerve  is  damaged,  by  local  disease  or 
injury,  after  it  has  passed  through  the  sterno-mastoid,  and  then  this  muscle 
escapes,  and  the  trapezius  alone  suffers.  When  the  lesion  involves  the  intra- 
cranial or  jugular  part  of  the  nerve,  it  is  common  for  the  internal  or  acces- 
sory portion  to  be  likewise  affected,  and  there  is  then  paralysis  of  the  vocal 
cord  on  the  same  side.  If  the  lesion  is  within  the  skull  the  hypoglossal 
is  frequently  damaged  also,  and  sometimes  the  palate  (see  p.  706). 

Treatment. — The  treatment  of  paralysis  of  the  external  part  of  the  spinal 
accessory  is,  first,  that  of  the  morbid  process  by  which  it  has  been  damaged, 
and,  secondly,  the  stimulation  of  the  paralyzed  muscles  by  electricity  for  the 
purpose  of  maintaining  or  improving  their  nutrition  during  the  recovery  of 
the  nerve.  The  current  must  be  used  to  which  the  muscles  most  readily 
respond. 

HYPOGLOSSAL  NERVE. 
The  hypoglossal  nerve,  the  motor  nerve  for  the  tongue  and  for  most  of 
the  muscles  connected  with  the  hyoid  bone,  arises  from  the  medulla  oblon- 
gata beside  the  olivary  body.  Its  origin  has  been  already  described  (p. 
482).  The  fibres  within  the  skull  are  close  to  those  of  the  spinal  accessory 
and  pneumogastric,  a  relation  that  is  resumed  for  a  short  distance  in  the 
upper  part  of  the  neck,  after  the  passage  of  the  nerve  through  a  separate 
foramen  in  the  occipital  bone.  The  nerve,  however,  soon  leaves  its  deep 
position  to  course  forward  to  its  distribution.  Its  most  important  connec- 
tion is  with  the  petrous  ganglion  of  the  pneumogastric.     The  function  of 

the  nerve  is  purely  motor. 

PARALYSIS. 

Causes. — (1)  Nuclear  disease  is  usually  degeneration,  rarely  acute  soft- 
ening from  vascular  occlusion.  It  forms  part  of  bulbar  paralysis,  acute  and 
chronic,  and  has  occurred  in  rare  cases  of  locomotor  ataxy.  The  affection 
is  almost  always  bilateral,  the  two  nuclei  being  so  near  together  that  even 
an  acute  lesion  scarcely  ever  affects  one  only,  but  unilateral  disease  has 
been  met  with  in  degeneration  of  the  nucleus  in  tabes,*  and  in  a  case  of 
acute  apoplectiform  onset. f  The  lips  and  throat  suffer  also  in  nuclear 
palsy.  (2)  Supra-nuclear  disease,  involving  the  motor  tract  anywhere 
between  the  medulla  and  the  lowest  part  of  the  ascending  frontal  convolu- 
tion, and  of  any  nature,  may  paralyze  the  tongue  on  the  opposite  side. 
(3)  Infra-nuclear  disease  :  (a)  within  the  medulla,  the  root  fibres  are  occa- 
sionally damaged  by  softening  or  by  a  tumor,  usually  in  association  with 
the  contiguous  motor  tract  to  the  opposite  limbs ;  (b)  outside  the  pons,  the 
fibres  of  origin  are  damaged  by  meningitis,  simple  or  syphilitic,!  and  by 

*  Raymond  and  Artaud,  Arch,  de  Phys.,  No.  3, 1884.  The  degeneration  was  proved  post- 
mortem, f  Hirt,  Berl.  kl.  Wochenschr.,  18SS,  No.  26. 

X  A  good  example  of  damage  by  chronic  meningitis  is  recorded  by  Hayem  and  Girau- 
deau,  Rev.  de  Med.,  March,  1883. 
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•growths.  In  thickening  of  the  bones  of  the  skull  the  nerve  may  be  com- 
pressed within  its  foramen.  In  its  course  outside  the  skull  the  nerve  is 
occasionally  damaged   by  deep-seated  tumors,  by  mischief  communicated 

from  caries  of  the  highest  cervical  vertebrae, 

fig.  280.  or   js  injured  by  penetrating  wounds.     It  is 

-<s£>o^  rarely  the  seat  of  rheumatic  neuritis.* 

f^P{:00f:jj)^  Symptoms. — The  effects  of  disease  of  the 

ft'?*"  v  i\  hypoglossal  nerve  are  motor  only  ;  no  loss  of 

/fj  %u       sensation  results.     In  paralysis  of  one  hypo- 

i'^/^/St     J^^.W.       glossal  nerve  the  tongue  at  rest  is  in  its  nor- 

(ifj    <«a>      *'-<!ii  ■,  %!',      mal  position  in  the  mouth,  but    its   root  is 

7\-  ,,J<'      higher  on  the  paralyzed  than  on  the  unpara- 

,/(*""fw-  -       _-S:f)      lyzed  side,  in  consequence  of  the  loss  of  the 

V.  ,  i.'^pit, ,'":  \fy       tonic  contraction  of  the  posterior  fibres  of  the 

|i     '"'  {'      f/       $'  hyo-glossus.     Within   the   mouth    the   move- 

%'  '"'"'-'    ;','$■'  ment  is  deficient  toward  .the  paralyzed  side. 

<f;n.    -.->■' 4jMk  When    protruded   (Fig.    280),   however,   the 

/  ,       Hv^t' ;f^!  tongue  deviates  toward  the  affected,  and  from 

..,-*"'         .    ./ vf  i  .•  x-- .  the   unaffected   side,   because,  in   protrusion, 

;  - '!  the   tongue    is   pushed    out   by  the   fibres  of 

the  genio-glossus,  and  is  pushed  toward  the 

Paralysis  and  wasting  of  the  right  half  of  weaker  side.    The  point  of  the  tonerue  is  often 

the  tongue,  due  to  disease  of  the  hypo-  x  ° 

glossal  nerve.  curved  toward  the  affected  half.     In  complete 

bilateral  paralysis,  the  tongue  lies  motionless 
within  the  mouth,  and  cannot  be  protruded.  Articulation  is  impaired  in 
proportion  to  the  degree  of  paralysis,  but  slightly  in  unilateral  palsy,  even 
when  this  is  considerable,  and  considerably  in  bilateral  palsy  even  when 
this  is  slight.  Mastication  is  hindered,  because  the  tongue  fails  to  keep  the 
food  between  the  teeth,  and  the  loss  of  the  propelling  power  of  the  tongue 
may  make  it  difficult  for  the  patient  to  get  the  food  into  the  throat.  The 
nutrition  of  the  tongue  varies  according  to  the  seat  of  the  disease ;  when 
above  the  nucleus,  wasting  is  absent  or  insignificant ;  but  when  the  nucleus 
or  nerve  fibres  are  diseased,  the  tongue  wastes  and  shrinks.  The  wasting  is 
of  the  muscular  tissue ;  the  mucous  membrane  is  thrown  into  conspicuous 
irregular  folds,  prominent  ruga?  with  deep  furrows  between  them.  Sensa- 
tion is  not  impaired,  nor  is  taste  except  in  slight  degree  in  consequence  of 
inability  to  move  sapid  substances  about  in  the  mouth. 

Diagnosis. — The  position  of  the  lesion  is  indicated  by  the  associations  of 
the  paralysis.  If  the  disease  is  in  the  motor  tract  above  the  nucleus  (pons, 
crus,  or  hemisphere),  there  is  hemiplegic  weakness  on  the  side  of  the  paraly- 
sis of  the  tongue.  In  disease  of  the  nucleus,  the  paralysis  is  commonly 
bilateral,  is  associated  with  paralysis  of  the  lips  and  throat,  and  there  is 
usually  wasting.     Disease  of  the  fibres  of  origin  within  the  medulla  is  asso- 

*A  case  of  isolated  affection  of  this  nerve  in  a  lad,  aged  thirteen,  possibly  a  rheumatic 
neuritis,  has  been  recorded  by  Erb  (Deut.  Arck.f.  Id.  Med.,  xxxvii,p.  265). 
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ciated  with  paralysis  of  the  opposite  limbs,  so  that  the  tongue  deviates  from 
the  paralyzed  side.  When  the  disease  is  at  the  surface  of  the  medulla,  the 
paralysis  is  commonly  unilateral,  and  is  associated  with  paralysis  of  the  cor- 
responding half  of  the  palate  and  vocal  cord.  In  disease  of  the  fibres  of 
origin  within  or  outside  the  medulla,  there  is  commonly  wasting.  The 
diagnosis  of  the  pathological  cause  of  the  paralysis  rests  on  the  course  of  the 
affection,  and  on  the  presence  of  any  causal  and  associated  condition. 

Prognosis. — This  is  usually  unfavorable,  on  account  of  the  character  of 
the  disease,  which  damages  the  nerve  or  centre.  Even  in  syphilitic  cases 
recovery  is  often  incomplete. 

Treatment.— The  treatment  of  paralysis  of  the  hypoglossal  nerve  is  that 
of  the  causal  disease.  Tonics,  counter-irritation,  iodide  of  potassium  and 
mercury,  with  occasionally  the  application  of  electricity  to  the  tongue,  are 
the  most  important  remedies  to  be  employed,  according  to  the  etiological 
indication.  The  most  convenient  method  of  applying  electricity  is  by 
means  of  a  tongue  depressor  in  a  wooden  handle,  the  blade  being  insulated 
by  .a  coating  of  sealing  wax  where  it  comes  in  contact  with  the  lips. 

SPASM  OF  THE  TONGUE. 

The  tongue  participates  in  certain  forms  of  general  spasm,  such  as  those 
of  epilepsy  and  chorea.  The  tongue-biting  in  epileptic  attacks  is  due  to  the 
organ  being  jerked  between  the  teeth  by  the  genio-glossus,  when  the  jaws 
are  brought  together  by  the  spasm  in  the  masseters.  Spasm  occurs  also 
in  some  forms  of  stuttering.  A  peculiar  affection,  allied  to  stuttering,  in 
which  an  attempt  to  speak  brought  on  spasm  in  the  tongue  and  muscles 
attached  to  the  hyoid  bone,  was  described  by  Fleury*  under  the  name  "  aph- 
thongia."  It  is  especially  excited  by  emotion,  and  has  been  compared  to 
writers'  cramp. 

The  tongue  is  a  not  infrequent  seat  of  spasm  in  hysteria,  in  which  protru- 
sion may  occur  during  paroxysmal  convulsive  attacks,  or  rarely  without 
spasm  elsewhere.  More  frequent  in  this  disease  is  spasmodic  deviation  of 
the  tongue  when  it  is  put  out.  I  have  seen  this  as  an  isolated  symptom 
in  a  child,  continuing  for  some  weeks,  and  also  in  association  with  some 
forms  of  hysterical  spasm  about  the  face.  Thus,  in  the  case  of  hysterical 
ptosis,  shown  in  Fig.  270,  the  tongue  deviated  to  the -left  on  protrusion, 
and  continued  to  do  so  as  long  as  the  affection  of  the  eyelids  lasted.  In 
another  case,  a  young  woman,  similar  deviation  to  the  left  was  associated 
with  persistent  tonic  spasm,  by  which  the  left  angle  of  the  mouth  and  the 
lower  lip  were  drawn  downward  and  outward.  It  is  probable  that  some 
other  cases  of  spasm  of  the  tongue,  recorded  as  idiopathic,  were  due  to  the 
same  disease.     A  girl,  "f"  aged  nine,  suffered   for  some  months  from  attacks, 

*  Fleury,  Gaz.  Hebd.,  i86j.  No.  16.  The  case  (in  a  man)  was  complicated  by  con- 
vulsions, and  other  indications  of  cerebral  disturbance.  It  is  possible  that  the  symptoms 
were  of  functional  origin,  as  similar  spasm  certainly  was  in  cases  (of  children)  recorded  by 
Panthel  {Deut.  Klinik.,  1855)  and  Vallin  {Gaz.  Hebd.,  /86s,  No-  J7)- 

f  Dochmann,  Berl.  kl.  Wochensch.,  1803,  No.  I. 
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recurring  every  ten  minutes,  and  sometimes  during  sleep,  in  which  the 
tongue  was  protruded  in  tonic  spasm,  and  toward  the  end  of  the  attack  the 
tip  was  turned  upward ;  if  the  mouth  was  shut  at  the  time  the  tongue  was 
firmly  pressed  against  the  teeth.  Her  own  explanation  was  that  she  felt  an 
irresistible  desire  to  protrude  the  tongue.  In  another  instance  of  a  girl 
suffering  from  peculiar  hallucinations,  whenever  the  tongue  was  protruded  it 
presented  very  rapid  movements  of  protrusion  and  retraction.* 

Spasm  in  the  tongue  seems  to  be  sometimes  caused  by  irritation  of  the  fifth 
nerve.  In  one  instance,  during  each  paroxysm  of  neuralgia  in  the  lingual 
nerve,  there  was  spasm  of  the  tongue. f  In  another  case,  dental  caries  with 
ulceration  of  the  gums  seemed  to  be  the  cause  of  attacks  of  spasm, 
in  which  the  tongue  was  as  hard  as  a  piece  of  wood,  and  was  curved  upward 
with  the  tip  toward  the  palate.  The  spasm  afterward  spread  to  the  face, 
neck  and  arm,  and  ceased  on  the  removal  of  the  teeth. J 

Paroxysmal  clonic  spasm  in  the  tongue  has  been  occasionally  met  with. 
A  man,  aged  thirty-three,  was  liable  to  attacks  of  protrusion  of  the  tongue, 
which  was  pushed  out  forty  or  fifty  times  a  minute.  Each  attack  was  preceded 
and  accompanied  by  peculiar  sensations  in  the  left  side  of  the  tongue  and 
gums.  The  spasm  seemed  to  be  greatest  in  the  left  half  of  the  tongue, 
and  it  spread  to  the  left  side  of  the  face,  where  there  was  slight  loss  of 
power.  Mastication  excited  spasm ;  speaking  did  not.  Remak,  who 
recorded  the  case,§  thought  the  spasm  was  probably  of  cortical  origin,  and 
the  contiguity  of  the  facial  and  lingual  centres  gives  support  to  the  opinion. 
The  attacks  ceased  under  iodide  and  electrical  treatment.  Somewhat  simi- 
lar paroxysms  of  clonic  spasm  were  limited  to  the  tongue  in  a  case  described 
by  Berger.||  A  sense  of  tension  in  the  organ  preceded  each  attack,  which 
lasted  one  or  two  minutes.  The  attacks  occurred  during  sleep,  as  well 
as  by  day,  and  continued  during  a  year  and  a  half.  The  patient  was  a 
woman,  aged  twenty-eight;  she  was  anaemic,  and  recovered  when  treated 
with  iron  and  change  of  air.  In  another  case,  a  man,  aged  forty,  had  suf- 
fered for  two  years  from  attacks  in  which  the  tongue  was  pushed  out  and 
drawn  back  more  deliberately.  The  intervals  between  the  attacks  varied 
from  a  few  hours  to  several  weeks. ^[ 

It  seems  clear,  from  these  meagre  facts,  that  spasm  in  the  tongue  is  gen- 
erally paroxysmal,  and  dependent  on  functional  states  of  the  nervous  system 
that  are  removable  by  tonic  treatment.  It  thus  differs  essentially  from 
spasm  in  the  face  and  neck. 

PARALYSIS  OF  THE  PALATE. 
The  movement  of  the  palate   that  is  of  chief  medical  importance  is  its 
elevation,  which  is  best  seen  when  the  patient  utters  a  long  "Ah  !"— the  base 


*  Erb,  Krank.  der  Ptriph.  Nerv.,  2  Aufl.,  1876,  p.  296. 

f  Romberg,  Lehrbuch;^  Auf.,  1857,  p.  388. 

X  Mitchell,  Med.. Chit:  Trans.,\o\.  iv,  p.  75. 

\  Berl.  klin.  Wockenschr.,  1883,  No.  34. 

||  Neur.  Centralbl,  1882,  p.  49.  \  Ibid. 
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of  the  palate  is  then  drawn  up,  so  that  a  depression  is  formed  in  the 
middle  line  of  the  upper  half  of  the  palate.  It  is  probable  that  this  move- 
ment is  produced  chiefly  by  the  levators,  each  of  which  spreads  out  toward 
the  middle  line,  and  there  blends  with  its  fellow.  If  this  movement  is  lost 
on  one  side,  when  the  patient  utters  the  sound  the  middle  of  the  soft  palate 
is  drawn  a  little  toward  the  unaffected  side,  and  a  depression  is  formed  on  this 
side  of  the  middle  line  instead  of  in  the  middle  line  itself.  The  difference 
between  the  height  of  the  edge  of  the  palate  on  each  side,  at  rest,  is  of  little 
significance,  since  a  difference  is  very  common  in  health  ;  loss  of  action  of 
one  side  of  the  azygos  uvulse  is  also  seldom  to  be  recognized  in  cases  of 
unquestionable  paralysis  of  the  palate.  In  bilateral  palsy,  however,  the  palate 
hangs  lower  than  normal,  and  the  uvula  is  long  and  flaccid.  The  effect  of 
palsy  of  the  palate  is  to  permit  the  regurgitation  of  liquids,  from  the  throat 
into  the  nose,  and  to  interfere  with  speech  by  causing  a  persistent  nasal  reso- 
nance, and  by  preventing  the  compression  of  air  necessary  for  the  articula- 
tion of  the  explosive  labial  consonants.  ■  Paralysis  of  one  side  of  the  palate 
does  not  usually  cause  symptoms,  and  is  only  discovered  by  an  examination 
of  the  throat. 

The  origin  of  the  nerve  supply  to  the  palate  is  one  of  the  most  obscure 
questions  connected  with  the  anatomy  of  the  cranial  nerves.  The  levator 
palati  and  azygos  uvulse  are  said  to  be  supplied  from  the  Vidian  nerve,  and 
the  tensor  palati  from  the  otic  ganglion  of  the  fifth.  The  fibres  from  the 
Vidian  are  commonly  thought  to  be  derived  from  the  facial  nerve,  but 
we  have  already  seen  reason  to  doubt  the  truth  of  this  opinion.  It  is  certain 
that  the  movement  of  the  palate  just  described',  of  which  the  one-sided  loss 
is  the  most  definite  and  frequent,  is  innervated  from  one  of  the  nerves  that 
arise  from  the  medulla  oblongata.  Whenever  disease  at  the  surface  of  the 
medulla  damages  the  hypoglossal  and  spinal  accessory  nerves  so  as  to  para- 
lyze the  tongue  and  vocal  cord  on  the  same  side,  it  will  almost  always  be 
found  that  this  movement  of  the  palate  is  lost.*  It  is  certain,  therefore,  that 
it  depends  on  one  of  these  nerves,  or  on  the  glosso-pharyngeal ;  the  inter- 
communication between  the  various  nerves  is  so  considerable,  and  the  precise 
origin  of  the  palatine  nerves  is  so  uncertain,  that  a  supply  from  either  of 
these  nerve  roots  is  possible,  f  On  the  whole,  it  is  perhaps  easiest  to  conceive 
that  the  fibres  are  ultimately  derived  from  the  spinal  accessory.  Fibres  from 
this  nerve  may  pass  to  the  palate  by  the  branch  that  the  pneumogastric  gives 
to  the  pharyngeal  plexus.  In  some  cases  of  this  paralysis  the  external  mus- 
cles supplied  by  the  spinal  accessory  are  wasted.  The  same  combination  of 
palsy  of  tongue,  palate  and  larynx  occurs  also  from  disease  within  the 
medulla,  damaging  the  bulbar  nuclei,  and  is  considered  in  another  section. 
The  causation  and  treatment  of  unilateral  paralysis  of  the  palate  are  the 
same  as  diseases  of  the  tongue,  already  described. 


*  This  fact  was  first  pointed  out  by  Hughlings  Jackson,  London  Hosp.  Rep.,  vol.  i,  1864. 
f  That  the  spinal  accessory  is  the  nerve  for  this  movement  of  the  palate  is  suggested  by 
S.  Mackenzie,  British  Med.  Journal,  March  3d,  1883. 
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LOCALIZATION  OF  CEREBRAL  DISEASE. 

(RELATION  OF  LOCALITY  TO  SYMPTOMS.) 

The  chief  facts  regarding  the  relation  of  symptoms  to  locality  of  lesion 
have  been  already  incidentally  described  in  the  account  of  the  functions  ot 
the  brain  and  of  the  symptoms  themselves.  It  is  convenient,  however,  to 
recapitulate  the  various  symptoms  that  are  caused  by  disease  in  the  several 
parts  of  the  brain,  so  far  as  these  are  known,  and  are  of  importance  in  diag- 
nosis. The  variations  that  depend  upon  the  nature  of  the  lesion  will  be 
described  in  the  account  of  the  special  diseases.  The  chief  precautions  that 
have  to  be  observed  in  drawing  conclusions  from  observed  facts  have  been 
mentioned  on  p.  457.*  It  should  be  remembered  that  the  symptoms,  and  the 
way  in  which  they  come  on,  constitute  evidence  as  to  the  seat  of  the  disease. 
The  mode  of  onset  indicates  its  nature,  and  the  nature  of  the  lesion  is  only 
of  localizing  significance  in  so  far  as  some  lesions  are  more  common  than 
others  in  certain  parts.  But  this  indication  is  less  frequently  of  value  than 
is  its  converse ;  the  seat  of  the  lesion  may  make  one  morbid  process  more 
probable  than  another. 

Cerebral  Cortex. — It  is  convenient  to  consider  seriatim  the  several 
regions  into  which  the  cortex  is  commonly  divided,  beginning  with  that  in 
which  disease  most  frequently  causes  conspicuous  symptoms. 

Central  Region,  i.  <?.,  the  ascending  frontal  and  parietal,  anterior  two-thirds 
of  superior  parietal  lobule,  and  paracentral  lobule  on  the  inner  surface. 
Destruction  causes  hemiplegia  on  the  opposite  side,  permanent,  with  second- 
ary degeneration  of  the  pyramidal  tract,  and  rigidity  of  the  limbs ;  a  par- 
tial lesion  affects  face,  arm,  or  leg,  according  to  its  position  (see  p.  514).! 
Partial  lesions  are  very  common,  first  on  account  of  the  wide  extent  of  the 
central  region,  and  secondly,  because  the  region  is  supplied  by  different 
arterial  branches,  and  softening  from  arterial  occlusion  is  a  common  lesion. 
Partial  palsy,  "  monoplegia,"  is  far  more  common  from  disease  of  the  cor- 
tex than  from  disease  more  deeply  seated  ;  hence,  it  always  suggests  a  cor- 
tical lesion,  but  does  not  prove  it.  The  leg  is  probably  affected  alone  only 
in  disease  of  the  medial  cortex  (paracentral  lobule),  or  when  disease  of  the 
outer  surface  is  close  to  the  longitudinal  fissure.  Disease  between  the  lon- 
gitudinal fissure  and  the  level  of  the  lower  frontal  sulcus  paralyzes  the  arm, J 
which  is  affected  alone  if  the  lesion  is  limited  to  the  middle  third  of  the 
convolutions  (Fig.  281).  Probably  disease  at  the  junction  of  the  ascending 
frontal  and  highest  frontal  paralyzes  the  foot  more  than  the  rest  of  the  leg, 

*  Ferrier,  "Localization  of  Cerebral  Disease,"  London,  1878. 

f  The  most  important  writings  on  the  subject  of  cerebral  localization  are  by  NOthnagel, 
in  his  admirable  and  exhaustive  "  Topische  Diagnostik  der  Gehirnkr.,"  1879 ;  Ferrier, 
"  Gulstonian  Lectures  on  Localization  of  Cerebral  Disease,"  London,  1878;  Charcot  and 
Pitres,  Revue  de  Med.,  1877,  1878,  1879,  a,lcl  1883,  and  Allen  Starr,  Ani'r.  Journ.  of  Med. 
Science,  1884  and  1885. 

%  The  arm  has  been  paralyzed  by  a  lesion  only  a  few  millimetres  from  the  longitudinal 
fissure. 
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and  a  lesion  in  the  highest  part  of  the  arm  region  affects  the  shoulder  more 
than  the  rest  of  the  arm.  In  drawing  conclusions  from  the  preponderant 
palsy  of  the  extremity  of  either  limb,  great  care  is  necessary,  because  this 
part  is  less  represented  in  the  other  hemisphere  than  are  the  muscles  of  the 
upper  parts  of  the  limbs,  and  the  latter  recover  some  power  by  compensation 
(see  p.  514).  Disease  of  the  ascending  frontal,  opposite  the  upper  half  of 
the  inferior  frontal,  causes  paralysis  of  the  lower  part  of  the  face,  except  the 
lips,  which  suffer,  with  the  tongue,  in  disease  of  the  lowest  part  of  the 
ascending  frontal  (Fig.  282).  But  the  bilateral  representation  of  the  lips 
renders  the  effect  of  one-sided  disease  inconspicuous.  Disease  in  the  same 
region  sometimes  causes  transient  weakness  of  the  opposite  masseter.  On 
the  whole,  the  paralyzing  effects  of  limited  lesions  of  the  central  region 
correspond  very  closely  in  differeht  cases.  Apparent  exceptionsare  some- 
times due  to  the  depth  to  which  the  disease  penetrates.  Lesions  are  seldom 
confined  to  the  gray  substance,  and  if  they  extend  deeply  into  the  white 
substance  they  may  interrupt  the  fibres  from  another  region  of  the  cortex 
that  is  not  diseased. 


Fig.  281. — Position  of  a  tumor  in  the  middle  of  the  central  convolution  which  caused  convulsions  beginning 
in  the  left  arm,  and  afterward  paralysis  of  the  arm  without  implication  ot  leg  or  face.  (Miiller,  Trans. 
Int.  Med.  Congress,  London,  1881.) 

Fig  282. —  Position  of  a  small  hemorrhage  which  caused  paralysis  of  the  tongue  and  lower  part  of  the 
face.     (Ballet,  Prog.  Med.  1880,  p.  762.) 

Irritating  disease,  and  also  stationary  partial  lesions,  in  the  central  cortex 
cause  convulsion,  which  begins  locally  in  the  leg,  arm,  or  face,  or  according 
as  the  disease  is  in  or  near  the  region  destruction  of  which  causes  palsy  of 
the  part.  Thus,  disease  of  the  middle  third  of  the  central  convolutions  often 
causes  convulsions  beginning  in  the  hand.  According  to  its  degree,  the 
resulting  convulsion  may  be  confined  to  the  part  whose  centre  is  irritated, 
or  may  spread  through  the  whole  side,  or  may  be  bilateral ;  the  second  side 
being  affected  after  the  first  (see  p.  524).  This  local  commencement  is  the 
great  characteristic  of  convulsions  from  cortical  disease.  Rarely  a  lesion 
elsewhere,  either  an  acute  lesion  or  chronic  irritating  disease,  such  as  tumor, 
causes  such  convulsions.  But  a  stationary  lesion  of  acute  onset  never  causes 
recurring  convulsions  unless  it  is  in  the  cortex.  Hence,  initial  convulsions 
of  this  character  suggest  cortical  disease,  but  recurring  convulsions  from  a 
stationary  lesion  prove  it.  But  while  these  convulsions  are  thus  of  great 
general  significance,  the  indication  they  afford  as  to  the  exact  seat  of  the 
disease  is  not  always  precise  ;  it  is  less  precise  than  is  paralysis ;  because 
cortical  disease  causing  local  palsy  must  involve  the  centre  concerned,  but 
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such  disease  causing  local  convulsion  may  be  only  near  the  centre.  The 
convulsion  may  begin  by  a  sensation  or  by  spasm,  the  significant  indication 
is  the  part  in  which  the  discharge  commences,  irrespective  of  its  nature. 
Thus,  if  the  fit  begins  with  tingling  in  the  foot,  and  the  sensation  seems  to 
pass  up  the  leg  and  side,  and  down  the  arm,  and  then  the  hand  begins  to 
twitch  in  spasm,  the  phenomena  indicate  disease  in  or  near  the  leg  centre. 
Further,  certain  centres  seem  to  be  more  readily  discharged  than  others,  and 
an  influence  that  exalts  irritability  in  a  considerable  area  may  be  first  mani- 
fested in  these  centres,  not  because  the  morbid  state  is  greater  in  them  than 
elsewhere,  but  because  they  respond  to  it  more  readily.  The  centre  that 
influences  the  movement  of  the  head  and  eyes  to  one  side  is  apparently  the 
most  sensitive  of  all  the  cortical  motor  centres,  because  the  fits  of  idiopathic 
epilepsy  commonly  begin  by  this  movement;  hence,  such  commencement 
of  a  convulsion  due  to  organic  disease  is  of  little  localizing  significance. 
Persistent  tonic  or  clonic  spasm  is  seldom  met  with  from  cortical  lesions. 
Clonic  spasm  in  the  face  resulted  from  the  small  lesion  shown  in  Fig.  275. 
In  a  case  recorded  by  Lepine,*  a  lesion  beneath  the  lower  part  of  the 
ascending  frontal  caused  trismus  during  the  two  days  the  patient  lived. 
Disease  of  the  central  cortex  often  causes  loss  of  the  sense  of  posture  in  the 
part  paralyzed,  but  as  this  loss  also  occurs  in  disease  of  the  motor  path  in 
the  internal  capsule,  its  diagnostic  significance  is  not  great.  Cutaneous 
sensibility  is  often  impaired  by  disease  of  the  central  region,  and  the  sensory 
paralysis  corresponds  in  seat  to  the  motor  palsy,  but  is  always  very  much 
slighter  in  degree,  and  is  chiefly  marked  on  the  extremity  of  the  affected  limb.f 
It  may  be  absent,  and  hemiansesthesia  never  results  from  disease  limited  to 
this  part.     Tactile  sensibility  is  more  impaired  than  is  sensibility  to  pain. 

There  are  commonly  no  definite  mental  symptoms  that  can  be  specially 
ascribed  to  disease  of  this  region. 

Prefrontal  Lobe. — A  lesion  at  the  posterior  extremityof  the  upper  frontal, 
at  its  junction  with  the  ascending  frontal,  may  cause  paralysis  of  the  foot,  or 

convulsion  beginning  in  the  foot ;  but 
with  this  exception  no  motor  paralysis 
results  from  disease  of  this  region,  even 
when  it  extends  up  to  the  ascending 
frontal.  The  extensive  lesion  shown 
in  Fig.  283  produced  no  palsy.  If  the 
movement  of  the  head  and  eyes  to  one 
side  is  represented  in  this  region,  as  is 
suspected  from  the  results  obtained  by 
experiments  upon  animals,  the  loss  in 
man  so  quickly  passes  away  by  the 
compensation  by  the  other  hemisphere 


Fig.  283. 


Extensive  softening  of  cortex  of  left  prefrontal  lobe 
which  caused  no  motor  or  sensory  symptoms. 


*  Revue  de  Mid.,  Oct.,  1882. 

f  References  to  the  evidence  of  this  will  be  found  in  the  chapter  on  the  functions  of  the 
cortex.  A  series  of  cases  of  disease  of  the  central  region  with  loss  of  sensation  is  recorded 
by  Petrina,  Prag.  Zeitschr.f.  Heilk.,  ii,  1887,  No.  5. 
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that  the  symptom  is  not  of  localizing  value.  Local  convulsions  are  some- 
times caused  by  irritating  disease  adjacent  to  the  ascending  frontal.  Dis- 
ease of  the  third  frontal,  on  the  left  side,  impairs  voluntary  speech  in  the 
manner  already  described  (p.  546),  and  a  similar  effect  is  produced  by  dis- 
ease of  the  corresponding  region  on  the  right  side  in  left-handed  persons, 
and  in  those  who  have  recovered  speech  after  destruction  of  the  left  motor 
speech  region.  No  sensory  symptoms  are  caused  by  disease  in  the  prefrontal 
lobe,  but  in  some  cases  considerable  mental  change  has  been  observed, 
various  in  character,  but  sufficiently  frequent  to  be  of  some  significance.  It 
is  greatest  when  both  frontal  lobes  are  diseased. 

Parietal  Lobe. — The  symptoms  produced  by  disease  of  the  ascending 
parietal  and  the  superior  parietal  lobule  have  been  mentioned  already.  The 
posterior  extremity  of  the  latter,  adjacent  to  the  parieto-occipital  fissure,  has 
been  found  diseased  when  no  motor  or  sensory  symptoms  had  been  observed. 
Ptosis,  on  the  opposite  side,  is  said  to  be  specially  related  to  lesions  of  the 
lower  parietal  lobule  (Landouzy  and  Grasset),  and  the  opinion  is  supported 
by  a  considerable  number  of  cases.  Disease  of  the  posterior  part  of  the 
inferior  lobule  probably  causes  "crossed  amblyopia,"  and  on  the  left  side 
interferes  with  the  visual  perception  of  words,  and  if  bilateral  perhaps  causes 
mind  blindness.  Extensive  disease  of  the  whole  parietal  lobe  seems  to  impair 
sensibility  in  the  trunk  and  limbs  on  the  opposite  side.  Such  an  isolated 
effect  has  not  been  observed,  but  it  is  certain  that  disease  involving  the  parie- 
tal as  well  as  the  central  cortex  causes  more  complete  hemianaesthesia  than 
does  a  lesion  that  is  confined  to  the  central  region. 

Occipital  Lobe. — Disease  of  the  apical  region,  and  especially  of  the  cuneus, 
causes  hemianopia.  Possibly,  disease  of  the  anterior  part  of  this  lobe  causes 
color  hemianopia.  No  motor  or  other  sensory  symptoms  are  known  to  be 
produced  by  disease  elsewhere  in  this  lobe. 

Temporo- sphenoidal  Lobe. — Only  one  symptom  is  caused  by  disease  of  the 
outer  aspect:  deafness  in  the  opposite  ear  when  the  disease  involves  the 
hinder  half  of  the  highest  convolution,  and  an  auditory  aura  if  convulsions 
are  caused  by  a  lesion  in  or  near  this  part.  The  deafness  is  not  permanent, 
and  the  auditory  sensation  is  not  of  precise  localizing  significance,  because 
the  disease  may  be  on  any  side  of  the  auditory  centre.  Disease  of  the 
highest  (uncinate)  convolution  on  the  medial  surface,  near  the  apex  of  the 
lobe,  may  disturb  the  sense  of  smell  on  the  same  side  (see  p.  461). 

Lastly,  extensive  lesions  of  the  cortex  around  the  fissure  of  Sylvius,  extend- 
ing over  a  considerable  area  of  the  central,  parietal  and  temporal  lobes  (such 
as  is  shown  in  Fig.  185,  p.  463)  may  cause  hemiplegia  and  hemianesthesia 
involving  all  the  special  senses,  the  opposite  eye  being  rendered  amblyopic. 

White  Substance  of  the  Hemisphere.  Centrum  Ovale. — Disease 
of  the  white  substance  causes  symptoms  resembling,  on  the  one  hand,  those 
of  the  cortex,  and  on  the  other  those  of  the  internal  capsule,  according  as 
the  seat  of  the  lesion  approaches  one  or  the  other  of  these  structures.  Thus, 
a  lesion  beneath  a  given  part  of  the  central  convolutions  produces  paralysis 
similar  in  distribution  to  that  which  is  caused  by  disease  of  the  corresponding 
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region  of  the  cortex.  Hemiplegia  is  produced  by  lesions  that  interrupt  the 
fibres  which  converge  from  the  central  region  to  the  motor  part  of  the 
internal  capsule.  One  important  difference,  however,  exists :  the  local  con- 
vulsions, that  are  so  frequent  and  characteristic  a  symptom  of  a  cortical 
lesion,  are  met  with  in  disease  of  the  white  substance  only  when  an  irritat- 
ing lesion  is  situated  just  beneath  the  gray  substance,  so  as  to  irritate  this 
directly.  General  convulsions  are  rare,  and  occur  chiefly  in  disease  that 
increases  intracranial  pressure.  The  loss  of  speech  that  results  from  disease 
of  the  fibres  passing  from  the  third  frontal  convolution  to  the  internal  cap- 
sule is  transient,  unless  the  lesion  is  just  beneath  the  cortex.  Its  various 
characters  have  been  described  at  p.  527.  Anaesthesia  occurs  chiefly  from 
extensive  lesions  beneath  the  parietal  and  central  regions,  but  in  most  cases 
in  which  considerable  hemiansesthesia  results  from  disease  of  the  white  sub- 
stance, this  extends  down  to  the  neighborhood  of  the  posterior  part  of  the 
internal  capsule.  Hemianopia  may  be  caused  by  disease  of  the  white  sub- 
stance of  the  occipital  lobe. 

Corpus  Callosum. — The  chief  lesion  that  occurs  in  the  corpus  callosum 
is  tumor,  but  this  almost  always  extends  into  one  or  both  hemispheres. 
Mental  dullness  and  bilateral  weakness  in  the  limbs,  greater  on  one  side, 
have  been  present  in  many  cases  ;  but  it  is  probable  that  these  symptoms  are 
due  to  the  pressure  on  or  extension  into  the  cerebral  hemispheres.  We  do 
not  yet  know  of  any  symptoms  that  are  the  result  of  the  damage  to  the  cal- 
losal  fibres,  and  it  is  certain  that  the  symptoms  that  have  been  present  are 
indistinguishable  from  those  produced  by  multiple  tumors.* 

Central  Ganglia  and  Internal  Capsule. — Internal  Capsule. — Disease 
limited  to  the  anterior  part  of  the  capsule,  between  the  caudate  nucleus  and 
the  anterior  extremity  of  the  lenticular  nucleus — so  as  not  to  involve  the 
"  angle  "  at  the  junction  of  the  two  parts — is  very  rare,  and  we  do  not  yet 
know  whether  it  causes  definite  symptoms.")"  Disease  of  the  angle  and  pos- 
terior segment  causes  hemiplegia  of  the  common  type,  the  lower  part  of  the 
face,  the  tongue,  the  arm  and  the  leg  being  all  involved,  and  if  the  disease 
is  on  the  left  side  there  may  be  at  first  defect  of  speech.  The  latter  is 
transient ;  the  hemiplegia  is  permanent  if  the  lesion  continues  (except  only 
such  recovery  as  may  occur  by  compensation),  and  the  paralyzed  limbs  are 
the  seat  of  late  rigidity.  At  the  onset  there  may  be  deviation  of  the  head 
and  eyes,  but   there  is  no  permanent  and    complete  palsy  of  any  cranial 


*  Some  interesting  cases  of  tumor  of  the  corpus  callosum  have  been  published  by  Bristowe, 
Brain,  1884,  p.  315,  but  the  diagnostic  indications  formulated  by  him  are  no  exception  to 
the  statement  in  the  text.  A  remarkable  case  of  extensive  hemorrhage  into  the  corpus  cal- 
losum has  been  recorded  by  Erb  (  Virch.  Arch.,  Bd.  97,  329),  but  the  hemorrhage  occurred 
apparently  during  the  course  of  cerebro-spinal  meningitis,  in  the  symptoms  of  which  any 
effects  of  the  callosal  hemorrhage  were  lost.  The  history  hardly  seems  to  warrant  the  con- 
clusion that  no  symptoms  were  produced. 

f  Raymond  and  Artaud  believe  that  the  speech  path  is  in  the  anterior  segment  {Arch,  de 
Neurolo^ie,  1884),  but  it  is  doubtful  whether  this  path  is  separate  from  that  for  the  tongue 
and  lips  in  the  angle  of  the  capsule. 
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nerve.  Convulsions  may  attend  the  onset  of  an  acute  lesion,  but  are  infre- 
quent, and,  as  in  other  parts  except  the  cortex,  they  do  not  recur  after  the 
disease  has  reached  a  stationary  stage.  The  palsy  is  thus  the  typical,  com- 
mon form,  the  details  of  which  have  been  described  at  p.  509.  Most  cases 
of  simple  hemiplegia  are  due  to  disease  of  this  part,  and  we  must  therefore 
assume  that  this  region  is  diseased,  unless  there  are  other  symptoms  to 
indicate  a  different  seat  of  the  disease.  But  hemiplegia  from  disease  of 
the  capsule  is  not  always  complete ;  we  have  seen  (p.  469)  that  the  path 
for  the  face  and  tongue  seems  to  pass  chiefly  at  the  angle,  that  for  the 
arm  in  the  anterior,  and  that  for  the  leg  in  the  middle  third  of  the  posterior 
limb.  Small  lesions  may  therefore  affect  chiefly  one  or  the  other  of  these 
parts,  but  there  is  scarcely  ever  an  actual  limitation  of  the  palsy.  Hemian- 
sesthesia  may  accompany  the  hemiplegia,  from  implication  of  the  separate 
sensory  path  in  the  hinder  third  ;  such  sensory  loss  sometimes  accompanies 
hemiplegic  weakness  in  which  the  leg  suffers  most,  a  fact  which  is  explained 
by  the  contiguity  of  the  fibres  for  the  leg  and  the  sensory  path.  The 
hemianaesthesia  produced  by  a  considerable  lesion  of  the  path  in  the  capsule 
may  be  complete,  and  involve  the  special  senses  as  well  as  the  skin  and  the 
muscles;  the  loss  of  vision  is  hemianopia,  as  before  explained.  Smell  may 
also  be  lost  on  the  anaesthetic  side.  This  region  is  the  "  sensory  crossway  " 
of  Charcot.  But  the  special  senses  may  escape,  even  when  the  cutaneous 
loss  is  great.  At  the  deliberate  onset  of  an  acute  lesion,  tingling  and  other 
sensations  are  far  more  common  than  they  are  when  the  disease  is  limited 
to  the  motor- part  of  the  capsule.  If  the  hemianesthesia  is  partial,  from 
incomplete  disease,  pains  are  often  felt  in  the  affected  limbs,  sometimes 
during  the  rest  of  life. 

Corpus  Striatum. — Acute  lesions  of  either  caudate  or  lenticular  nucleus 
generally  cause  hemiplegia,  but  this  is  permanent  only  if  the  internal  cap- 
sule is  directly  damaged.  If  the  lesion  is  confined  to  the  gray  substance  of 
either  nucleus  there  are  usually  no  persistent  symptoms,  motor  or  sensory. 
If  the  lesion  is  small,  and  is  at  a  distance  from  the  white  fibres  of  the  cap- 
sule, there  may  even  be  no  initial  hemiplegia.  I  have  seen  a  narrow  ver- 
tical band  of  central  softening,  extending  from  the  anterior  to  the  posterior 
extremity  of  the  lenticular  nucleus,  when  no  trace  of  hemiplegia  could  be 
detected  before  death,  and  a  careful  history  had  elicited  no  account  of  any 
previous  paralysis.  Chronic  lesions,  such  as  tumor,  often  develop  in  the 
gray  nuclei  without  causing  paralysis.  From  these  facts  it  is  probable  that 
no  sensory  or  motor  palsy  is  produced  by  disease  of  the  gray  matter,  and 
that  the  hemiplegia  which  occurs  at  the  outset  of  acute  lesions  is  due  to  the 
interference  of  the  motor  fibres  in  the  internal  capsule.  In  a  few  cases,  of 
which  some  have  been  recorded  by  Demange,*  mobile  spasm,  choreoid 
movement,  has  been  observed  when  the  lesion  involved  the  posterior  part 
of  the  lenticular  nucleus,  but  in  most  cases  the  internal  capsule  was  also 
damaged. 

*  Revue  de  Med.,  May,  1883. 
45 
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Optic  Thalamus. — Slight  hemiplegia  has  been  observed  when  the  disease 
has  been  in  the  middle  third  of  the  thalamus,  but  is  absent  if  the  lesion  is  small 
or  near  the  ventricular  surface  ;  hence,  there  is  a  strong  presumption  that 
the  loss  of  power  is  due  to  interference  with  the  motor  part  of  the  internal 
capsule,  which  is  adjacent  to  the  middle  third.  In  disease  of  this  part  of 
the  thalamus  another  motor  symptom'  has  been  occasionally  observed, 
mobile  spasm  and  incoordination  on  the  opposite  side,  chiefly  in  the  hand. 
The  symptom  usually  succeeds  transient  hemiplegia.  In  one  such  case  I 
found  a  small  cicatrix  of  old  softening,  limited  to  the  thalamus,*  and  several 
other  similar  cases  are  on  record.  In  one  there  was  softening  in  the  lower 
part  of  the  thalamus,  adjacent  to  the  crus.f  It  seems  probable  that  the 
initial  hemiplegia  is  due  to  the  interference  with  the  capsular  fibres,  and 
that  the  subsequent  spasm  is  in  some  way  the  direct  result  of  the  disease  of 
the  thalamus.  Sensation  is  not  impaired  by  lesions  limited  to  the  thalamus, 
but  hemiansesthesia  occurs  when  the  disease  extends  into,  the  internal  cap- 
sule outside  the  pulvinar.  In  such  cases  there  may  also  be  hemianopia,  but 
this  symptom  may,  as  we  have  seen,  be  caused  by  disease  limited  to  the 
posterior  part  of  the  thalamus  itself. 

It  has  been  thought  that  muscular  sensibility  is  specially  impaired  by 
thalamic  lesions  (Meynert),  but  the  evidence  does  not  satisfactorily  exclude 
the  adjacent  capsule.  Diminution  of  reflex  action  has  been  thought  to  be 
another  effect,  but  it  is  met  with  in  disease  of  other  parts  of  the  brain. 
Vasomotor  symptoms  do  not  seem  to  result  from  thalamic  lesions. 

Corpora  Quadrigemina. — Lesions  whose  influence  is  confined  to  the 
corpora  quadrigemina  are  so  rare  that  there  is  considerable  doubt  as  to  the 
symptoms  produced.  It  has  been  thought  that  disease  of  the  anterior  pair 
causes  loss  of  sight  and  loss  of  action  of  the  pupils,  but  in  most  of  the  cases 
on  which  the  opinion  is  based  the  disease  was  a  tumor,  and  optic  neuritis 
coexisted. J  Ataxy  of  movement  has  been  present  in  some  cases  of  disease 
of  the  posterior  tubercles,  but  it  resembled  closely  that  due  to  disease  of  the 
.  middle  lobe  of  the  cerebellum,  implication  of  which  may  possibly  have  been 
the  cause  of  the  symptoms.  Loss  of  the  upward  movement  of  the  eyes  was 
produced,  in  one  case  under  my  care,  by  a  small  growth  at  the  junction  of 
the  hinder  tubercles  with  the  valve  of  Vieussens,  but  the  folia  of  the  latter 
were  also  involved.  In  most  cases  of  disease  of  the  tubercula,  causing  palsy 
of  the  ocular  movements,  the  lesion  has  extended  so  deeply  as  to  involve 
the  nuclei  of  the  third  nerves. 

Crus  Cerebri. — The  characteristic  symptom  is  hemiplegia,  involving  the 
lower  part  of  the  face  as  well  as  the  limbs,  and  accompanied  by  palsy  of  the 
third  nerve  on  the  opposite  side,  i.  <?.,  on  the  side  of  the  lesion,  the  two 

*  Med.-Chir.  Trans.,  1876,  p.  318. 

\  Greiff,  Arch.  f.  Psych.,  Bd.  xiv,  p.  598.  Choreoid  movements  set  in  suddenly,  with 
transient  hemiplegia  and  hyperesthesia. 

\  One  case  of  acute  lesion  causing  these  symptoms  has  been  recorded  by  Dr.  Bastian,  but 
at  present  it  stands  alone. 
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symptoms  coming  on  at  the  same  time.  The  affection  of  the  third  nerve  is 
usually  complete,  but  now  and  then  is  partial ;  sometimes  the  fibres  for  the 
internal  ocular  muscles  have  escaped.  Convulsions  are  seldom  met  with, 
but  some  spasm  has  been  observed  in  cases  of  tumor.  Loss  of  sensation 
accompanies  the  motor  palsy  when  the  lesion  extends  into  the  upper  region 
of  the  crus,  and  is  sometimes  accompanied  by  tingling  and  other  signs  of 
sensory  irritation.  Vasomotor  disturbance  is  occasionally  conspicuous  in 
the  paralyzed  limbs.  Hemianopia  is  much  less  common  than  might  be 
expected  from  the  contiguity  of  the  optic  tract,  and  has  been  met  with 
chiefly  in  cases  of  tumor. 

Partial  lesions  in  or  near  the  middle  line,  beneath  the  corpora  quadri- 
gemina,  may  cause  the  symptoms  of  acute  nuclear  ophthalmoplegia  described 
at  p.  616. 

Pons. — Unilateral  lesions  of  the  pons  often  cause  palsy  of  the  limbs  on 
one  side  and  of  the  fifth,  facial,  or  sixth  nerve  on  the  other,  the  "  alternate 
hemiplegia"  described  at  p.  515.  But  a  lesion  may  be  so  placed,  generally 
in  the  upper  part  of  the  pons,  that  the  cranial  nerves  and  nuclei  escape, 
and  the  hemiplegia  is  then  indistinguishable  from  that  which  results  from 
disease  of  the  internal  capsule.  An  important  unilateral  symptom  is  the 
loss  of  the  conjugate  movement  of  both  eyes  toward  the  side  of  the  lesion, 
described  at  p.  610.  Bilateral  lesions  are  not  uncommon ;  the  limbs  or 
face,  on  both  sides,  may  then  be  involved.  Difficulty  in  swallowing  and  in 
articulation  is  common,  but  is  less  pronounced  and  prolonged  than  in  lesions 
of  the  medulla  oblongata.  Convulsions  are  rare  in  chronic,  but  common  in 
acute  lesions,  and  have  often  a  peculiar  character ;  both  arms  or  both  legs 
may  be  chiefly  involved,  or  there  may  be  semi-convulsive  paroxysms  of 
coughing.  Sometimes  there  is  rigidity  of  the  limbs  or  of  the  muscles  sup- 
plied by  the  fifth  nerve.  Choreoid  movements  have  been  noted  in  rare 
cases;  in  one  instance  there  was  rhythmical  spasm  on  voluntary  movement 
(Bastian).  Loss  of  sensibility  in  the  limbs  and  trunk  is  sometimes  asso- 
ciated with  the  motor  palsy,  in  consequence  of  the  implication  of  the  teg- 
mental region  of  the  pons.  The  region  supplied  by  the  fifth  nerve  usually 
escapes  on  the  side  of  the  hemiplegia,  but  is-  anaesthetic  on  the  side  of  the 
lesion,  if  this  is  so  placed  as  to  involve  the  fifth  nerve.  In  the  latter  case, 
pain  in  the  same  region  is  occasionally  a  prominent  symptom.  Vasomotor 
symptoms  are  seldom  conspicuous.  Ophthalmitis  is  met  with  when  the 
fibres  of  the  fifth  nerve  are  affected,  but  much  less  frequently  than  when  the 
disease  involves  the  trunk  of  the  nerve.  Acute  irritating  disease,  especially 
hemorrhage,  may  cause  strong  contraction  of  the  pupils,  and  a  lesion  that 
extends  into  the  upper  part  of  the  pons,  beneath  the  corpora  quadrigemina, 
may  paralyze  the  internal  or  external  ocular  muscles.  Auditory  symptoms 
are  seldom  met  with;  rarely  there  has  been  deafness  on  the  side  of  the 
lesion,  or  a  subjective  sensation  of  sound  has  attended  the  onset  of  an  acute 
process.  Giddiness  occurs  chiefly  when  the  disease  is  in  the  neighborhood 
of  the  middle  peduncle  of  the  pons.  Vomiting  is  not  specially  frequent. 
Disturbance  of  respiration  and  of  the  action  of  the  heart,  glycosuria  and 
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albuminuria  are  sometimes  observed.  Hyperpyrexia  is  not  uncommon 
immediately  after  the  onset  of  an  acute  lesion  of  the  pons,  and  scarcely  ever 
attends  disease  elsewhere. 

Medulla  Oblongata.— Severe  acute  lesions  of  the  medulla  are  quickly 
fatal  by  interference  with  the  respiratory  or  cardiac  centres,  and,  on  account 
of  the  small  size  of  the  medulla,  and  the  close  proximity  of  the  structures,  a 
hemorrhage  usually  has  this  effect  even  when  of  small  size.  The  chief  acute 
lesion  that  may  give  rise  to  a  diagnostic  problem  is  softening  from  vascular 
obstruction.  Motor  symptoms  in  the  limbs  are  often  bilateral,  and  some- 
times involve  especially  the  upper  or  lower  limbs  ;  if  one-sided,  the  tongue 
may  be  paralyzed  on  the  side  opposite  to  the  lesion,  if  this  is  in  the  anterior 
part  of  the  medulla,  so  as  to  involve  the  pyramid  and  the  root  fibres  of  the 
hypoglossal  nerve.  The  face  (with  the  exception  of  the  lips)  always  escapes. 
The  most  characteristic  symptoms  are  those  that  are  due  to  the  interference 
with  the  bulbar  nerves,  the  hypoglossal,  glosso-pharyngeal  and  spinal  acces- 
sory. Such  symptoms  are  seldom  unilateral,  because  they  usually  depend 
on  interference  with  the  nuclei,  and  these  lie  for  the  most  part  near  the 
middle  line,  and  suffer  on  both  sides.  Hence,  the  resulting  palsy  com- 
monly involves  the  orbicularis  oris  (which  is  supplied  from  nerve  cells  near 
the  hypoglossal  nucleus),  the  tongue,  palate,  pharynx  and  sometimes  the 
larynx,  with  impairment  of  articulation  and  of  deglutition.  The  paralysis 
often  amounts  to  almost  complete  loss  of  articulation,  but  loss  of  power  in 
the  pharynx  is  seldom  absolute,  perhaps  because  the  glosso-pharyngeal 
nucleus  is  farther  from  the  middle  line  than  are  those  of  the  hypoglossal  and 
spinal  accessory  nerves.  The  resulting  symptoms  are  described  more  fully 
in  a  separate  section  on  the  bulbar  paralysis  that  results  from  nuclear  degen- 
eration, and  acute  lesions  of  the  medulla. 

Bilateral  Lesions  in  the  motor  region  cause  paralysis  on  both  sides,  and 
if  the  disease  is  situated  in  the  centres  for  the  muscles  of  bilateral  use,  which 
recover,  by  compensation,  when  one  hemisphere  is  diseased,  the  paralysis  of 
these  muscles  is  great  in  degree ;  in  completeness  it  resembles  that  caused 
by  disease  lower  down  the  motor  path  where  the  two  paths  are  near  together. 
Thus,  disease  of  the  highest  part  of  the  central  regions,  which  sometimes 
results  from  meningeal  hemorrhage  during  birth,  causes  palsy  of  the  legs 
closely  resembling  that  due  to  disease  of  the  spinal  cord.  Disease  of  the 
lowest  part  of  each  ascending  frontal  convolution  causes  bilateral  palsy  of 
the  lips,  tongue  and  throat,  closely  resembling  labio-glossal  paralysis — 
"  pseudo-bulbar  paralysis,"  it  is  termed.  So,  too,  in  the  sensory  regions  in 
which  compensation  occurs ;  complete  deafness  may  be  caused  by  disease  of 
each  first  temporal  convolution.  In  the  few  cases  on  record  in  which  the 
symptoms  commonly  due  to  disease  of  both  hemispheres  are  produced  by 
disease  on  one  side,  it  is  probable  that  there  is  a  congenital  or  old-standing 
defect  on  the  other  side,  so  that  the  apparent  exceptions  do  not  really  con- 
travene the  common  rule.  Bilateral  disease  of  the  occipital  lobes  may  cause 
absolute  blindness,  a  compound  of  double  hemianopia ;  it  has  almost  always 
developed  in  two  distinct  attacks. 
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Cerebellum. — Disease  of  the  middle  lobe  of  the  cerebellum  causes 
unsteadiness  of  movement — a  reeling  gait  and  often  a  difficulty  in  standing, 
a  tendency  to  sway  which  renders  difficult  the  maintenance  of  equilibrium. 
Sometimes,  but  not  often,  there  is  a  tendency  to  fall  backward.  There  is 
not  the  irregular  movement  of  the  legs  that  characterizes  locomotor  ataxy, 
although  in  some  cases  of  tabes  the  unsteadiness  closely  resembles  that  of 
cerebellar  disease.  In  walking,  the  tendency  to  oscillation  may  give  a  zigzag 
direction  to  the  walk,  and  the  resemblance  to  the  gait  of  a  drunken  person 
is  often  close.  The  arms  are  usually  steady ;  rarely  they  present  some  jerky 
incoordination.  The  unsteadiness  is  due  to  damage  to  the  middle  lobe, 
either  from  disease  in  it,  or  from  compressing  disease  in  one  hemisphere.  If 
a  lesion  in  one  hemisphere  does  not  compress  the  middle  lobe,  this  symptom 
is  absent,  and  such  a  lesion  seems  per  se  to  cause  no  symptoms  by  which  it 
can  be  recognized.  Other  symptoms  of  cerebellar  disease  occur  also  in  many 
different  intracranial  maladies,  but  are  more  frequent  in  disease  of  the  cere- 
bellum than  in  disease  elsewhere,  so  that  they  have  a  slight  localizing  value ; 
such  are  giddiness  and  vomiting,  but  these  occur  only  in  active  diseases  that 
irritate  or  compress,  e.  g.,  in  tumor  and  at  the  onset  of  acute  vascular  lesions. 
The  unsteadiness  is  not  necessarily  related  to  vertigo ;  the  two  are  sometimes 
associated,  but  the  unsteadiness  may  be  extreme  when  there  is  no  subjective 
sense  of  giddiness.  Nystagmus  is  frequent  in  cases  of  tumor,  and  is  perhaps 
directly  due  to  the  disease  of  the  cerebellum.*  In  the  same  cases  (of  tumor) 
the  knee  jerk  cannot  be  obtained ;  its  loss  is  not  usually  constant ;  a  slight 
movement  can  be  elicited  at  times,  and  at  other  times  none.  We  are  not  at 
present  able  to  explain  this  curious  symptom.  Since  it  is  observed  only  in 
cases  of  irritating  disease,  it  is  probably  the  result  of  some  influence  exerted 
on  the  spinal  centres  on  which  the  knee  jerk  immediately  depends.  We  may 
note  that  the  path  from  the  sensory  muscle  nerves — on  which  the  myotatic 
irritability  immediately  depends — probably  goes  to  the  cerebellum,  and  the 
centripetal  impressions  from  the  muscles  influence  cerebellar  coordination. 
It  is  interesting  also  to  compare  the  loss  of  the  muscle  reflex  action  in  cere- 
bellar disease  with  the  loss  of  superficial  reflex  action  in  disease  of  the  cere- 
bral hemisphere;  each  is  apparently  the  result  of  an  influence  exerted  on  the 
spinal  reflex  centres. 

Many  other  symptoms  are  produced  by  cerebellar  disease  that  exerts  pres- 
sure. The  pyramidal  tracts  are  often  compressed,  and  hence  the  limbs  are 
weakened,  and  the  weakness  is  accompanied  by  the  usual  increase  of  myotatic 
irritability.  Thus,  in  one  case  of  cerebellar  tumor  there  may  be  no  knee 
jerk,  and  in  another  it  may  be  increased.  The  cranial  nerves  often  suffer 
from  the  pressure,  especially  the  sixth  nerves.  Occasionally  there  are  other 
signs  of  pressure  on  the  medulla  oblongata,  such  as  difficulty  of  articulation, 
etc.  These  symptoms,  which  are  almost  confined  to  morbid  growths,  are 
described  more  fully  in  the  chapter  on  intracranial  tumors. 

*  It  was  in  a  case  of  tumor  of  the  cerebellum  that  the  curious  rhythmical  spasm  in  the 
pharynx,  mentioned  on  p.  628,  was  observed. 
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Convulsions  are  rare  in  disease  of  the  cerebellum,  but  have  occurred 
occasionally,  epileptiform  in  type.  Tetanoid  rigidity,  with  bending  back  of 
the  head,  constant  or  paroxysmal,  has  been  met  with,  and  has  been  ascribed 
to  the  cerebellar  disease  (Hughlings  Jackson).  But  it  occurs  only  in  tumor, 
and  is  met  with  also  in  cases  of  infiltrating  glioma  of  the  pons,  so  that  per- 
haps it  is  an  indirect  pressure  effect.  Hemorrhage  into  the  cerebellum 
sometimes  extends  into  the  side  of  the  pons,  and  the  symptoms  may  be  indis- 
tinguishable from  those  of  an  acute  lesion  in  the  latter  situation. 

Cerebellar  Peduncles.— 1The  superior  and  inferior  peduncles  are  scarcely 
ever  the  seat  of  isolated  disease.  The  middle  peduncle  is  sometimes  sepa- 
rately damaged,  but  the  lesion  often  involves  also  either  the  side  of  the  pons  or 
the  adjacent  cerebellar  hemisphere.  The  chief  symptom  is  vertigo,  a  sensa- 
tion of  movement  and  actual  movement,  but  this  is  present  only  in  irritating 
lesions.  The  sensation  is  often  most  intense ;  the  movement  may  be  merely 
an  involuntary  motion  of  the  head  and  eyes,  or  there  may  be  a  strong  ten- 
dency to  an  actual  rotation  of  the  trunk  on  its  long  axis,  a  forced  movement 
sometimes  present  whether  the  patient  is  lying  or  standing,  sometimes  chiefly 
marked  in  the  upright  posture,  when  it  may  cause  the  patient  to  turn  round 
and  round.  Occasionally  the  eyes  are  in  an  abnormal  position,  one  being 
on  a  different  level  from  the  other.  With  these  symptoms  there  is  often  evi- 
dence, of  damage  to  the  side  of  the  pons,  symptoms  of  paralysis  of  the  fifth 
nerve,  with  or  without  hemiplegic  weakness*.  A  stationary  lesion  may  cause 
no  symptoms. 

The  chief  disease  of  the  ventricles  that  gives  rise  to  localizing  symptoms 
is  hemorrhage,  in  the  account  of  which  these  symptoms  are  considered. 
Of  the  diseases  that  affect  the  base,  the  local  diagnosis  in  hemorrhage  and 
inflammation  is  subordinate  to  that  of  the  morbid  process,  and  the  indica- 
tions of  the  position  of  morbid  growths  are  considered  in  the  chapter  on 
intracranial  tumors. 


DISEASES  OF  THE  MEMBRANES  OF  THE  BRAIN. 

CONGESTION. 

Active  congestion  of  the  membranes  of  the  brain  constitutes  the  first  stage 
of  inflammation,  and  has  been  supposed  to  exist  as  an  independent  condi- 
tion in  some  cases,  chiefly  in  children,  in  which  there  are  acute  cerebral 
symptoms — headache,  delirium,  convulsions,  coma — ending  sometimes  in 
recovery,  sometimes  in  death.  In  the  latter  cases  indications  of  meningeal 
hyperemia  have  been  found.  It  is  assumed  that  in  all  these  cases  the  con- 
dition is  one  of  active  congestion  of  the  membranes.  In  fatal  cases  the 
symptoms  are  similar  to  those  of  rapid  meningitis,  and  it  is  probable  that 
the  condition  is  of  this  nature.  In-other  cases  it  is  possible  that  the  con- 
gestion involves  the  whole  brain  or  part  of  the  brain.  The  treatment  of 
congestion  of  the  membranes,  if  it  can  be  recognized,  is  that  of  meningitis. 
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INFLAMMATION,  MENINGITIS. 
Of  the  three  membranes  that  enclose  the  brain,  only  two  are  patholog- 
ically separable,  since  the  arachnoid  and  pia  mater  always  suffer  together. 
The  separate  inflammation  of  the  dura  mater  is  termed  "pachymeningitis,'" 
and  is  much  less  common  than  the  affection  of  the  pia-arachnoid,  which  is 
commonly  meant  when  "meningitis"  is  spoken  of.  The  affection  of  the  soft 
membranes  has  been  of  late  termed  "  leptomeningitis,"  in  more  precise  anti- 
thesis to  pachymeningitis. 

INFLAMMATION  OF  THE  DURA  MATER :   PACHYMENINGITIS. 

In  the  dura  mater  there  are  two  layers,  a  thin  layer  with  a  smooth  epitheli- 
ated  surface,  and  a  thicker,  looser,  outer  layer,  which  serves  as  a  periosteum 
for  the  bones.  Inflammation  may  affect  primarily  either  of  these  layers,  and 
thus  constitute  what  has  been  termed  external  and  internal  pachymeningitis. 
The  former  is  the  most  common. 

External  Pachymeningitis  is  almost  always  secondary  to  injury  or  to 
adjacent  disease,  and  is  very  rare  in  children.  The  injury  that  causes  it  is 
usually  a  blow  on  the  skull,  often  one  that  fractures  the  bone,  and  causes  an 
effusion  of  blood  between  the  bone  and  the  dura  mater.  The  disease  is  usually 
caries  or  necrosis  of  the  bone,  sometimes  involving  only  the  outer  table  ; 
caries  of  the  petrous  bone  is  an  occasional  cause.  The  disease  results,  in 
rare  cases,  from  mischief  outside  the  skull,  as  erysipelas,  probably  by  the 
mechanism  of  the  veins  of.  the  diploe.  Very  rarely  the  meningitis  occurs 
without  any  traceable  cause.  The  anatomical  changes  consist  at  first  in  red- 
ness and  cedematous  swelling  of  the  tissue,  which  soon  becomes  first  dis- 
colored and  then  infiltrated  with  pus,  which  may  accumulate  in  considerable 
quantity  between  the  dura  mater  and  the  bone.  Very  rarely  pus  forms 
between  the  two-  layers  of  the  dura  mater.  The  inflammation  may  spread  to 
the  inner  layer,  and  even  from  this  to  the  pia  mater,  so  that  the  two  become 
glued  together  by  lymph.  If  the  inflammation  subsides  without  the  forma- 
tion of  pus,  there  remains  a  thickening  of  the  outer  layer  of  the  dura  mater, 
firmly  connecting  it  with  the  skull,  and  into  this  tissue  osteophytic  growths 
may  extend  from  the  bone. 

The  symptoms  of  the  secondary  inflammation  are  usually  lost  in  those  of 
its  cause.  When  distinct  symptoms  exist,  they  are  usually  gradual  in  their 
onset,  and  consist  in  headache,  delirium  and  sometimes  convulsions.  When 
there  is  a  collection  of  pus  compressing  the  motor  region  of  the  cortex, 
there  may  be  paralysis  of  the  opposite  limbs.  ■  There  may  be  fever,  but  often 
there  is  no  elevation  of  temperature  that  can  be  referred  to  the  meningeal 
inflammation.  The  condition  is  serious,  but  not  quite  so  grave  as  most  other 
forms  of  meningitis.  The  treatment  is  first  and  chiefly  that  of  the  local 
disease  or  injury  exciting  the  intracranial  inflammation,  and  secondly,  the 
same  measures  as  are  suitable  for  other  forms  of  meningitis,  in  so  far  as  they 
are  compatible  with  the  treatment  of  the  cause  of  the  disease.  If  there  is 
reason  to  suspect  the  formation  of  pus  between  the  bone  and  the  dura  mater, 
this  may  be  let  out  by  trephining. 
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Internal  Pachymeningitis  is  met  with  in  two  forms,  purulent  and  hem- 
orrhagic, the  latter  giving  rise  to  what  has  long  been  termed  "  haematoma  of 
the  dura  mater."  Both  are  uncommon;  the  former,  indeed,  is  extremely 
rare. 

Purulent  Internal  Pachymeningitis  is  usually  associated  with  a  similar 
inflammation  either  of  the  outer  layer  or  of  the  pia  mater.  In  one  or  two 
cases  it  has  been  met  with  as  an  apparently  primary  condition.  The  symp- 
toms have  been  similar  to  those  of  purulent  inflammation  of  the  pia  mater. 

"  HEMORRHAGIC  INTERNAL  PACHYMENINGITIS  ;"  HEMATOMA  OF  THE 
DURA  MATER  ;  MENINGEAL  BLOOD  TUMOR. 

A  peculiar  formation  that  extends  over  the  brain,  commonly  over  both 
hemispheres,  and  consists  of  membranous  layers  with  the  remains  of  blood 
between  them,  has  long  been  known  by  this  name.  The  malady  is  very 
rare,  and  it  is,  indeed,  of  interest  chiefly  as  a  pathological  curiosity  and 
enigma,  for  it  has  seldom  been  even  suspected  during  life,  and  we  do  not 
know  whether  it  can  be  influenced  by  treatment.  It  is  commonly  described 
as  a  result  and  variety  of  inflammation  of  the  dura  mater,  because  Virchow, 
in  1854,  brought  forward  evidence  to  show  that  this  was  its  origin.  It  had 
previously  been  ascribed  to  primary  hemorrhage,*  and  this  view,  advocated 
by  Prescott  Hewett,  in  1845, t  nas  been  recently  revived  by  Huguenin  ;  the 
question  is  still  undecided.  Provisionally,  however,  the  disease  may  be  kept 
in  its  place  among  the  varieties  of  inflammation.  The  disease  is  so  uncom- 
mon, J  that  a  brief  notice  of  it  may  suffice ;  Huguenin's  exhaustive  description 
of  the  malady  in  Ziemssen's  "  Handbuch  "§  is  accessible  to  all  readers  likely 
to  be  interested  in  the  subject. 

Causes. — The  condition  is  met  with  chiefly  in  males,  less  than  one-fourth 
of  the  cases  having  been  in  females.  It  is  least  rare  in  old  age  ;  more  than 
half  the  cases  occur  in  persons  above  fifty  years  of  age  ;  forty  per  cent,  are 
over  sixty,  and  just  a  quarter  are  over  seventy.  Considering  the  compara- 
tively small  proportion  of  persons  who  reach  the  age  of  seventy,  this  propor- 
tion shows  that  the  tendency  to  the  disease  is  enormously  increased  by  the 
tissue  changes  incidental  to  age.  In  early  life  it  is  relatively  as  well  as  abso- 
lutely infrequent,  and  occurs  chiefly  in  infancy,  as  frequently  in  the  first  year 
of  life  as  between  one  and  twenty  years  of  age.  The  affection  is  commonly 
secondary  ;  some  cases  have  followed  an  injury  to  the  head,  but  the  diseases 
to  which  it  is  most  frequently  consecutive  are  some  forms  of  chronic  insanity 
(especially  general  paralysis  of  the  insane)  and  chronic  alcoholism.  It  is 
said  also  to  have  followed  some  acute  and  chronic  blood  diseases,  especially 
acute  rheumatism  and  smallpox,  scurvy  and  profound  ansemia. 

*  By  Houssard,  Baillarger,  and  others.  f  Med.-Chir.  Tram.,  1845. 

%  Its  rarity,  at  any  rate  outside  asylums,  may  be  judged  from  the  fact  that  during  the  forty 
years  in  which  the  Pathological  Society  has  received  the  curiosities  of  metropolitan  necros- 
copy, not  a  single  specimen  has  been  brought  before  the  Society  from  any  London  hospital. 

<j  Bd.  xi,  p.  342  (1st  ed.) ;  vol.  xii,  of  the  American  translation. 
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Pathology. — The  condition  is  bilateral  in  about  half  the  cases.  Within 
the  dura  mater,  between  it  and  the  arachnoid,  and  commonly  adherent  to 
both,  are  layers  of  peculiar  membranous  tissue.  This  extends  over  the 
greater  part  of  one  or  of  both  hemispheres.  The  tissue  is  soft  and  red  at  first, 
afterward  paler  and  firmer.  There  may  be  several  layers,  even  six  or  seven, 
adherent  at  the  edges,  so  as  to  form  a  series  of  sacs,  which  contain  blood, 
liquid  or  coagulated,  or  in  various  stages  of  degeneration ;  and  ultimately 
there  may  remain  only  colored  serosity,  in  which  crystals  of  cholesterine  are 
sometimes  found.  Occasionally  the  membranes  are  adherent  in  places,  so 
as  to  render  the  cavities  loculated.  The  red  tint  of  the  membranes  depends 
on  minute  vessels,  and  on  the  presence  of  degenerating  blood;  the  increased 
consistency  and  pallor  of  the  later  stage  is  due  to  the  development  of  a  deli- 
cate fibrous  tissue.  The  nature  of  the  earliest  stage  of  the  disease  is  a  matter 
on  which  some  doubt  exists;  Virchow  and  Huguenin  have  investigated  con- 
ditions which  they  believe  to  be  the  initial  stage  of  the  disease,  and  the 
former  finds  in  it  a  process  of  inflammation,  the  latter  a  simple  extravasation 
of  blood.  Virchow  believes  that  a  delicate  vascular  membrane  is  formed  by 
inflammation,  and  that  into  this  hemorrhage  takes  place.  Huguenin  has 
found  a  primary  layer  of  hemorrhage  in  some  cases  of  general  paralysis,  and 
believes  .that  this  slowly  becomes  organized,  as  blood  clots  may  do  elsewhere. 
It  must  be  admitted  that  the  latter  theory  agrees  well  with  the  etiological 
conditions,  especially  with  the  occurrence  of  the  disease  in  old  age,  when 
hemorrhage  is  more  frequent  than  inflammation.  In  the  cases  of  general 
paralysis  Huguenin  has  traced  degeneration  in  the  walls  of  the  veins  of  the 
convexity,  from  which,  he  believes,  the  blood  comes.  In  atrophy  of  the 
brain,  with  which,  in  the  old,  the  condition  is  often  associated,  the  external 
support  to  the  veins  must  be  lessened.  In  many  of  the  general  diseases  by 
which  it  is  said  to  be  caused,  meningeal  hemorrhage  has  been  known  to 
occur.  It  is  possible,  however,  that  both  views  are  correct,  and  that  inflam- 
mation, in  some  cases,  takes  part  in  the  production  of  the  condition. 

Symptoms. — In  some  cases  of  haematoma  in  general  paralysis,  no  symp- 
toms have  been  present  other  than  those  that  are  common  in  this  disease  when 
no  unusual  condition  is  found  after  death.  In  other  cases  there  have  been 
apoplectiform  seizures,  recurring,  and  ascribed  to  the  hemorrhages  that 
occur  from  time  to  time  in  the  cavities  of  the  hsematoma,  and  there  have 
been  more  persistent  symptoms  of  depressed  cerebral  function — somnolence 
or  coma,  with  contracted  pupils  and  general  muscular  weakness.  Optic 
neuritis  sometimes  occurs  toward  the  close.  Headache  has  been  a  promi- 
nent symptom  in  many  cases,  and  has  been  sometimes  limited  to  the  ver- 
tex in  the  early  stage.  Convulsions  are  not  common,  but. have  occasionally 
occurred,  generally  on  one  side.  In  many  cases  there  is  hemiplegia,  seldom 
complete,  with  or  without  early  contracture.  The  unilateral  symptoms 
occur  when  the  disease  is  confined  to,  or  greater  on,  one  hemisphere  of-  the 
brain.  In  children  the  disease  is  said  to  run  an  acute  course,  with  convul- 
sions and  sometimes  fever.  It  is  doubtful  whether,  in  them,  the  malady 
can  be  diagnosed.    In  other  cases,  symptoms  of  impairment  of  the  functions 
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of  the  brain  and  headache,  following  or  coinciding  with  a  cause  of  hsematoma, 
may  lead  to  a  suspicion  of  its  existence,  and  this  may  be  strengthened  by 
the  occurrence  of  apoplectic  seizures.  An  injury  is  the  cause  that  would  give 
most  weight  to  the  symptoms,  because  it  is  after  injury,  rather  than  in  cases 
of  chronic  degeneration,  that  the  symptoms  have  most  distinctly  suggested 
the  condition.  But  all  the  symptoms  of  hematoma,  including  the  apoplectic 
seizures,  may  be  caused  by  a  glioma  of  the  brain  substance.  The  malady 
has  caused  death  in  most  instances.  One  case  of  recovery  is  on  record ; 
the  subject  was  a  drinker,  who  was  murdered  six  months  after  the  cerebral 
symptoms  had  passed  away,  and  in  whom  the  remains  of  the  disease  were 
found. 

Treatment. — The  part  which  extravasation  of  blood  manifestly  takes  in 
the  production  of  the  morbid  state  suggests  treatment  calculated  to  arrest 
hemorrhage ;  rest,  moderate  elevation  of  the  head  and  shoulders,,  and  the 
application  of  cold  to  the  head.  Moderate  purgation  and  diuresis  may  also 
be  employed.  The  assumption  that  inflammation  constitutes  one  factor  in 
the  pathology  of  hematoma  has  suggested  leeching  and  counter-irritation, 
especially  in  children,  but  in  them  treatment  is  generally  powerless  to  arrest 
the  rapid  course  of  the  disease. 

INFLAMMATION   OF  THE  PIA  MATER  (PIA-ARACHNOID)— (MENINGITIS; 

LEPTOMENINGITIS). 

Certain  varieties  of  meningitis  are  commonly  distinguished  :  (i)  Accord- 
ing to  the  seat,  whether  this  is  at  the  convexity,  or  at  the  base,  or  in  the 
ventricles;  the  seat  entails  considerable  differences  in  the  symptoms,  with- 
out any  difference  in  the  nature  of  the  inflammation.  (2)  According  to 
the  origin  of  the  inflammation,  whether  primary  or  secondary  to  local  cause. 
(3)  According  to  the  nature  of  the  inflammation,  whether  simple,  purulent, 
tubercular  or  syphilitic.  The  symptoms  of  all  forms  have,  however,  much 
in  common,  and  in  all  cases  the  problem  in  diagnosis  is  first  to  ascertain  the 
existence  of  meningitis  and  then  to  distinguish  its  seat  and  nature.  Hence, 
it  is  more  useful  to  consider  all  forms  together,  noting  as  we  go  on  the 
differences  between  them,  than  to  give  a  separate  account  of  each  variety. 
Four-fifths  of  the  statements  that  must  be  made  about  each  are  true  of  all. 
Epidemic  cerebro-spinal  meningitis  is  separately  described. 

ACUTE  MENINGITIS. 
Causes. — Acute  meningitis  occurs  at  all  ages,  but  is  most  common  in 
children  between  one  and  ten  years  of  age.  Only  one  form  is  less  frequent 
in  children  than  in  adults — meningitis  of  the  convexity,  and  this  relation  is 
due  chiefly  to  the  common  traumatic  origin  of  this  form.  Taking  all  forms 
together,  the  disease  is  more  frequent  in  males  than  in  females,  but  the 
several  varieties  exhibit  some  differences  in  this  respect.  Hereditary  ten- 
dency is  active  chiefly  in  causing  the  tubercular  form.  Station  in  life,  occu- 
pation, climate  and  season  are  influential  only  to  a  small  extent  as  deter-, 
mining  some  of  the  causes.     The  direct  causes  are  very  numerous. 
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Direct  Causes,  (i)  Traumatic  influences  of  various  kinds,  acting  directly 
on  the  membrane. 

(2)  Adjacent  disease,  especially  that  which  is  attended  with  suppuration, 
often  causes  purulent  meningitis.  The  adjacent  disease  may  be  (a)  outside 
the  dura  mater,  as  injury  and  disease  of  the  bone,  especially  caries  of  the 
petrous  bone,  or  it  may  be  outside  the  skull,  as  erysipelas  and  other  suppura- 
tive diseases  of  the  scalp.  In  several  recorded  cases,  traumatic  inflamma- 
tion of  the  eye  has  set  up  a  fatal  meningitis  ;  probably  the  inflammation  has 
passed  up  the  sheath  of  the  nerve,  just  as  inflammation  often  passes  down  the 
sheath  from  the  membranes  to  the  optic  disc.  (b~)  The  adjacent  disease 
may  be  in  the  brain,  a  tumor  or  an  abscess,  very  rarely  hemorrhage  or  soft- 
ening. An  abscess  may  cause  meningitis  without  rupture,  but  rupture  always 
causes  intense  purulent  inflammation.  Tumors  situated  near  the  surface 
often  cause  adjacent  inflammation,  and  adhesions  between  the  dura  and  pia 
mater  may  be  thus  produced  over  the  growth. 

(3)  Acute  general  diseases  are  sometimes  attended  with,  meningitis,  (a) 
acute  specific  diseases,  measles,  scarlet  fever,  smallpox,  typhoid  fever.  The 
complication  is,  however,  rare  in  any  of  them.  It  is  least  rare  in  smallpox, 
perhaps  on  account  of  the  septicemic  influence  of  the  extensive  cutaneous 
suppuration.  It  is  extremely  rare  in  typhoid  fever,  according  to  pathological 
evidence,  although  its  existence  is  often  erroneously  inferred  from  intensity 
of  delirium.  (J>)  It  occasionally  occurs  in  the  course  of  two  diseases  excited 
by  cold,  pneumonia  and  acute  rheumatism.*  It  was  thought  at  one  time 
to  be  frequent  in  acute  rheumatism,  on  the  ground  of  cerebral  symptoms 
that  are  now  ascribed  to  hyperpyrexia.  In  some  cases  in  which  meningitis 
actually  exists,  it  is  perhaps  produced  by  the  agency  of  endocarditis.  The 
meningitis  that  coexists  with  pneumonia  is  probably  often  due  to  the  cause 
of  the  inflammation  of  the  lung.  It  is  usually  purulent,  and  is  of  consider- 
able pathological  importance,  as  an  instance  of  the  dependence  of  menin- 
gitis on  a  morbid  blood  state,  perhaps  allied  to  that  which  causes  the 
epidemic  cerebro-spinal  form,  (r)  Septicaemia  often  causes  meningitis, 
whatever  be  the  source  of  the  blood  poisoning,  •  whether  external  injury, 
internal  abscess,  softening  of  caseated  glands,  septic  puerperal  processes,  the 
softening  of  clots,  or  ulcerative  endocarditis.  It  may  be  due  in  part  to  the 
micrococcal  embolism  of  minute  vessels,  and  it  is  not  uncommon  in  such 
cases  to  meet  with  minute  extravasations  in  the  pia  mater,  with  pale  centres, 
characteristic  of  this  mechanism.  Sometimes  local  meningitis  exists  near 
the  plug  in  a  large  vessel,  when  the  source  of  the  plug  is  a  septic  form  of 
endocarditis.  From  all  these  causes  the  inflammation  is  often  purulent, 
almost  invariably  in  the  cases  of  septic  origin. 

(4)  Insolation  is  an  occasional  cause,  and  influences  chiefly  the  convexity. 
The  meningitis  that  results  is  usually  simple,  and  not  purulent.     In  cases  of  . 
rapid  death,  only  indications  of  congestion  may  be  discoverable. 

*This,  and  many  other  forms  of  meningitis,  are  often  termed  "metastatic,"  perhaps  the 
most  inaccurate  designation  that  could  be  found,  implying,  as  it  does,  that  the  morbid  pro- 
cess leaves  its  original  seat  and  goes  to  the  part  secondarily  affected. 
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(5)  Excessive  mental  work  is  usually  regarded  as  an  occasional,  although 
rare  cause  of  meningitis.  This  cause  may  certainly  be  followed  by  acute 
cerebral  symptoms,  rapidly  fatal,  but  it  is  possible  that  the  inflammation 
affects  the  whole  brain,  and  not  the  membranes  only  (see  Hyperemia  of 
the  Brain). 

(6)  Specific  Processes. — The  most  common  cause  of  acute  meningitis  is 
the  growth  of  tubercles  in  the  membranes,  which  is  usually  attended  with 
inflammation,  the  degree  and  intensity  of  which  varies  much  in  different 
cases.  Syphilis  is  also  a  cause  of  meningitis,  but  the  inflammation  is  usually 
chronic,  not  acute. 

Lastly,  meningitis  may  occur  either  at  the  convexity  or  the  base,  for 
which  no  cause  can  be  discovered. 

Causation  in  Relation  to  Place. — Meningitis  limited  to  the  convexity  may 
result  from  local  adjacent  disease,  from  insolation,  or  from  general  disease 
(acute  specifics,  pneumonia  and  septicaemia)  ;  but  in  the  last  class  the 
inflammation  is  often  general,  and  involves  the  membranes  at  the  base  as 
well  as  over  the  convexity  of  the  hemispheres,  and  frequently  also  the  mem- 
branes of  the  spinal  cord.  Meningitis  limited  to  the  base  is  rare  except  in 
association  with  tubercles,  but  occasionally  results  from  adjacent  disease, 
basal  growths,  disease  of  bone  or  syphilis,  and  sometimes  simple  inflamma- 
tion occurs  precisely  like  that  caused  by  tubercles.  Limited  ventricular 
meningitis  occurs  especially  in  young  children,  sometimes  during  or  after 
acute  diseases,  such  as  the  exanthemata.     In  adults  it  is  extremely  rare. 

Etiology  according  to  Nature. — Simple  meningitis  may  result  from  any  of 
the  above-mentioned  causes,  except,  perhaps,  septicaemia;  the  etiological 
facts  above  mentioned  are  therefore,  in  general,  applicable  to  this  form. 

Purulent  meningitis  is  usually  the  result  of  adjacent  suppuration  or  of 
septicaemia.  It  frequently  occurs  in  cases  of  caries  of  the  cranial  bones, 
especially  of  the  petrous  bone.  The  communications  between  the  middle 
and  internal  ear  and  the  intracranial  cavity  (described  in  the  chapter  on 
cerebral  abscess)  facilitate  the  passage  of  septic  inflammation  to  the  mem- 
branes. It  may  be  caused  by  suppurative  inflammation  of  the  ear  when 
there  is  no  external  discharge.  Suppurating  disease  of  the  nose  is  another 
occasional  cause.  It  frequently  results  from  distant  suppuration,  causing 
septicaemia.  The  meningitis  that  occurs  in  acute  general  disease  is  also 
occasionally  purulent.  When  associated  with  inflammation  of  the  lungs, 
there  is  sometimes  reason  to  regard  both  as  the  consequences  of  a  com- 
mon cause  (see  Epidemic  Cerebro-spinal  Meningitis). 

Tubercular  meningitis  occurs  at  all  ages,  but  is  most  common  in  children, 
especially  between  the  ages  of  two  and  ten  years.  In  infancy  it  is  not  com- 
mon, although  it  has  been  met  with  as  early  as  six  weeks  after  birth.  It  is 
not  rare  in  early  adult  life,  and  is  occasionally  met  with  in  middle  life,  but 
scarcely  ever  during  the  second  half.  In  children,  general  tuberculosis 
almost  always  exists,  but  the  indications  of  this  may  be  slight  and  the  men- 
ingeal disease  may  have  the  aspect  of  a  primary  affection.  In  later  life  dis- 
tinct indications  of  phthisis  usually  precede  the  meningitis,  but  are  sometimes 
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absent  in  young  adults.  In  some  collections  of  cases  males,  in  others 
females,  have  preponderated.  It  is  probable  that  there  is  little  difference  in 
the  proclivity  of  the  two  sexes,  at  any  rate  after  puberty.  It  is  generally 
thought  that  in"  childhood  males  suffer  rather  more  frequently  than  girls.* 
Hereditary  tendency  is  of  unquestionable  importance.  Most  cases  occur  in 
families  in  which  there  is  a  clear  history  of  phthisis  or  of  infantile  tuberculo- 
sis, sometimes  evidenced  chiefly  by  the  early  death  of  many  children.  The 
disease  is  common  in  all  classes  of  society.  Imperfect  nourishment  and  bad 
air  no  doubt  aid  in  its  development,  but  the  cases  are  very  numerous  in 
which  no  accessory  cause  can  be  traced.  A  distinct  excitant  is  also  rare; 
although  excessive  brain  work  or  a  blow  on  the  head  sometimes  precedes  the 
onset,  and  may  help  to  determine  a  greater  disturbance  of  the  meninges  than 
of  other  parts  that  are  also  affected  by  the  general  disease ;  it  is  doubtful 
whether  it  does  more  than  this.  Frequently,  however,  the  disease  develops 
during  the  impairment  of  general  health  due  to  some  other  malady.  It 
sometimes  follows  "scrofulous"  diseases  of  bones  and  joints,  chronic 
enlargement  of  glands,  or  tuberculous  tumors  of  the  brain  ;  and  it  occasion- 
ally occurs  as  a  sequel  to  some  other  acute  disease,  especially  measles  (the 
influence  of  which  in  causing  tuberculosis  is  well  known),  whooping  cough, 
broncho-pneumonia,  diarrhoea,  typhoid  fever,  etc.  Very  seldom  it  comes 
on  in  the  midst  of  apparent  health. 

Chronic  Meningitis. — Diffuse  chronic  meningitis  is  generally  the  result  of 
alcoholism;  occasionally  it  is  due  to  injury.  Focal  chronic  meningitis, 
when  not  traumatic,  is  syphilitic  in  most  cases ;  perhaps  in  all  except  the 
rare  instances  in  which  local  tubercular  growths  are  attended  with  local 
chronic  inflammation.  In  children  chronic  basal  meningitis  is  not  uncom- 
mon in  the  posterior  fossa. 

Anatomical  Characters. — The  changes  may  affect  all  parts  of  the  mem- 
branes or  only  the  convexity  or  the  base.  When  the  cause  is  adjacent  dis- 
ease, the  neighboring  region  of  the  membranes  may  suffer  alone.  Certain 
changes  are  common  in  all  forms  of  meningitis.  The  earliest  is  a  diffuse 
reddening  of  the  pia  mater,  due  to  the  injection  of  finer  vessels  than  are 
distended  by  the  mechanical  influence  of  the  mode  of  death.  Soon  there 
occurs  opacity  of  the  membranes,  recognizable  most  readily  in  the  arachnoid. 
It  occurs  also  along  the  vessels  of  both  arachnoid  and  pia  mater,  distinctly 
in  consequence  of  distention  of  their  lymphatic  sheaths.  It  is  well  seen  over 
the  sulci  of  the  convexity,  and  the  spaces  at  the  base  of  the  brain.  Collec- 
tions of  yellowish-white  or  semi-purulent  lymph  form  at  these  parts,  and 
around  the  nerve  trunks,  the  sheaths  of  which  may  be  distinctly  reddened. 
In  the  early  stage  of  purulent  meningitis,  these  collections  may  be  puncti- 
form,  and  may  resemble  very  closely  tubercular  granulations  in  the  pia 
mater ;  by  coalescence  they  constitute  irregular  semi-purulent  areas.      In 

*  The  Registrar-General's  returns  for  the  twenty-five  years  ending  1872  give  the  deaths 
from  hydrocephalus  in  males  under  five  as  91,681,  and  females  66,708.  Probably  the  chief 
cause  of  death  returned  as  "  hydrocephalus  "  during  these  years  was  tubercular  meningitis. 
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cases  of  some  duration  the  purulent  spots  may  have  undergone  caseation  or 
induration,  the  latter  chiefly  in  simple  meningitis.     The  nerve  trunks  are 
often  involved,  and  under  the  microscope  the  inflammation  may  be  found 
either  limited  to  the  sheath  or  infiltrating  the  substance  of  a  nerve  that  has 
been  paralyzed.     Minute  hemorrhages  may  be  seen  in  the  nerve,  and  its 
fibres  may  be  in  various  stages  of  acute  degeneration.    Sometimes  no  change 
can  be  found.-    The  inflammation  may  spread,  on  the  one  hand,  to  the  dura 
mater,  and  on  the  other,  to  the  substance  of  the  brain.    The  inner  surface  of 
the  dura  mater  may  be  reddened,  and  even  covered  with  a  layer  of  lymph, 
which  may  glue  it  to  the  pia-arachnoid.     The  superficial  layer  of  the  brain 
is  often  reddened,  and  even  spots  of  softening  may  be  seen  within  it.    Some- 
times it  contains  punctiform  hemorrhages.     The  fluid  in  the  subarachnoid 
space  is  increased  in  quantity,  and  is  often  turbid.     Indications  of  inflam- 
mation may  also  be  present  in  the  ventricles  ;  the  lining  membrane  may  be 
swollen  and  opaque,  sometimes  even  covered  with  a  layer  of  lymph  (ependy- 
mitis);  the  subjacent  brain  tissue  may  be  softened.    The  choroid  plexus  and 
velum  interpositum  may  also  present  signs  of  inflammation.      The  lateral 
ventricles  often  contain  a  great  excess  of  fluid,  which  may  be  turbid,  with 
flocculi  of  lymph.    It  may  be  so  considerable  as  to  distend  the  ventricles  and 
flatten  the  convolutions,  a  circumstance  that  suggested  the  name  "  acute 
hydrocephalus,"  formerly  applied  to  all  these  cases.     The  ventricular  effu- 
sion seems  to  be  the  result,  in  some  cases,  solely  of  the  ventricular  inflam- 
mation, but  often  there  is  also  a  collection  of  lymph  about  the  openings  by 
which  the  fourth  ventricle  communicates  with  the  space  around  the  brain, 
and  the  obstruction  to  these  must  increase  the  ventricular  distention,  and 
may  often  cause  it  when  there  is  no  inflammation  of  the  lining  membrane  ; 
when  there  is  such  obstruction,  the  third  ventricle,  aqueduct  and  fourth 
ventricle  are  also  conspicuously  distended.      In  the  so-called  ventricular 
meningitis  effusion  into  the  ventricles  and  slight  traces  of  inflammation  are 
all  that  is  found  ;  the  external  membranes  are  normal.     Although  the  traces 
of  inflammation  are  slight,  the  acute  and  febrile  course  of  the  disease  is  con- 
sistent only  with  its  inflammatory  nature.     In  all  forms,  if  the  inflammation 
of  the  ependyma  passes  away,  permanent  thickening  of  the  lining  membrane 
may  remain,  and  there  may  even  be  adhesions  closing  the  cavity  of  the  pos- 
terior cornu.     A  permanent  excess  of  liquid  may  be  left  in  the  cavities. 

In  purulent  meningitis  the  membranes  are  covered  with  a  layer  of  greenish- 
yellow,  often  foetid  pus,  sometimes  at  the  convexity,  less  commonly  at  the 
base  only,  often  at  both.  The  purulent  inflammation  frequently  extends 
down  the  membranes  of  the  spinal  cord,  sometimes  as  low  as  the  cauda 
equina,  and  in  one  recorded  case  suppurative  inflammation  in  the  orbit  was 
secondary  to  that  within  the  skull.*  The  surface  of  the  brain  is  often 
softened,  and  small  collections  of  pus  may  be  found  within  its  substance, 
apparently  secondary  to  the  meningeal  suppuration.  Very  rarely  primary 
purulent  inflammation  has  been  limited  to  the  ventricles. 

*  Erflss,  Cent./,  Nerv.,  1883,  221- 
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In  tubercular  meningitis  the  inflammation  is  never  actually  purulent.  The 
appearances  are  usually  those  of  the  simple  inflammation,  already  described, 
conjoined  with  the  characteristic  tubercles.  The  amount  of  jelly-like  and 
semi-opaque  lymph  is  often  considerable,  but  it  is  found  chiefly  at  the  base, 
and  is  generally  most  abundant  about  the  optic  chiasma,  between  this  and 
the  pons,  and  in  the  commencement  of  the  fissures  of  Sylvius.  The  mem- 
brane over  the  convexity  has  a  dry  aspect,  but  to  the  finger  may  feel  some- 
what sticky;  and  if  a  scalpel  is  passed  over  the  surface,  it  removes  a  little 
pyo-lymph.  The  two  opposed  surfaces  of  the  hemisphere,  in  the  longitudi- 
nal fissure,  may  be  slightly  adherent  where  in  contact.  There  is  often  an 
excess  of  arachnoid  fluid  at  the  base,  of  the  brain,  and  then  the  sheaths  of 
the  optic  nerves  are  usually  distended,  so  as  to  form  a  pyriform  swelling 
behind  each  eye.  Ventricular  effusion  is  present  in  the  majority  of  cases 
(about  four  out  of  five)  ;  generally  the  quantity  does  not  exceed  a  few  ounces, 
but  it  may  be  so  large  as  to  compress  the  cortex  and  to  distend  all  the  ven- 
tricles. The  indications  of  occlusion  of  the  communication  between  the 
fourth  ventricle  and  the  surface,  already  mentioned,  are  more  frequent  in 
tubercular  than- in  simple  meningitis.  The  lining  membrane  of  the  ventri- 
cles and  choroid  plexuses  may  be  distinctly  inflamed.  In  addition  to  the 
signs  of  inflammation  in  the  membranes,  these  present  the  distinctive  char- 
acteristic of  the  variety,  miliary  tubercle.  The  granulations  are  most  easily 
seen  where  the  inflammation  is  slight  or  absent,  especially  on  the  under  sur- 
face of  the  temporal  lobe.  They  are  at  first  very  minute,  and  so  transparent 
that  they  can  often  be  detected  only  when  their  prominence  is  recognized 
by  looking  obliquely  at  the  surface.  Although  seated  in  the  pia  mater,  they 
cause  a  prominence  of  the  arachnoid  where  this  covers  the  pia  mater  closely, 
resembling  the  minute  air  bubbles  beneath  the  arachnoid  that  are  often  pro- 
duced during  the  process  of  removing  the  brain ;  these  disappear  if  the 
finger  is  passed  over  the  surface,  while  the  tubercles  remain  unchanged.  In 
other  places  they  are  of  larger  size,  and  semi-opaque,  and  in  some  places 
several  are  aggregated  together.  Where  the  lymph  is  abundant,  only  the 
larger  and  older  tubercles  can  be  recognized.  The  microscope  shows  the 
granulations  to  consist  of  lymphoid  cells,  situated  usually  around  a  vessel, 
within  its  perivascular  sheath.  It  is  important  to  remember  that  meningeal 
tubercle  and  tubercular  meningitis  are  not  quite  identical.  Tubercles  may 
be  found  in  the  membranes  when  there  is  no  sign  of  inflammation,  in  cases 
of  general  tuberculosis,  and  they  may  be  accompanied  by  symptoms  .of  cere- 
bral disturbance  resembling  those  caused  by  inflammation.  When  inflam- 
mation accompanies  them,  its  extent  and  degree  vary.  It  is  usually  con- 
siderable only  at  the  base,  and  is  scarcely  ever  seen  at  the  convexity  and  not 
at  the  base ;  not  rarely  it  is  general.  Sometimes  the  inflammation  is  confined 
to  one  small  area,  as,  for  instance,  to  the  neighborhood  of  the  central  con- 
volutions on  one  side ;  such  local  meningitis  is  usually  associated  with  tuber- 
cles of  some  size;  very  rarely  inflammation  and  tubercles  of  the  ordinary 
character  are  confined  to  the  convexity  of  one  hemisphere.*  Even  when  the 
*  Huguenin,  Hilton  Fagge. 
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inflammation  is  apparently  confined  to  the  base,  tubercles  can  usually  be 
detected,  often  in  abundance,  over  the  convexity,  but  they  are  still  more 
numerous,  larger,  older  and  more  opaque  at  the  base,  especially  about  the 
commencement  of  the  Sylvian  fissure. 

The  characteristic  bacilli  of  tubercle  have  been  found  in  the  pia  mater  in 
these  cases  (Cornil  and  others).  Moreover,  the  organisms  have  been  found 
when  no  tubercles  could  be  seen  with  the  naked  eye,  although  commencing 
granulations  were  discovered  by  the  microscope,*  and  even  in  the  gray  sub- 
stance of  the  cortex  beneath  a  focus  of  limited  inflammation. f  Tubercles 
may  sometimes  be  recognized  in  the  lining  membrane  of  the  lateral  ventri- 
cles, and  in  the  choroid  plexuses.  A  careful  examination  of  the  inner  sur- 
face of  the  dura  mater  often  shows  minute  tubercles  scattered  over  it.  They 
are  frequently  met  with  in  the  spinal  membranes,  dura  mater  and  pia  mater, 
sometimes  one,  sometimes  both,  and  occasionally  in  great  abundance, 
especially  over  the  cauda  equina,  when  the  membrane  may  look  as  if  it  had 
been  exposed  to  a  shower  of  fine  sand.  J  Signs  of  inflammation  are  always 
slighter  in  the  spinal  than  in  the  cerebral  membranes,  and  are  often  absent, 
especially  when  the  granulations  are  upon  the  dura  mater  only.  The  cortex 
of  the  brain  may  be  injected  and  softened  at  the  surface,  but  if  there  is  much 
effusion  in  the  ventricles  the  amount  of  blood  in  the  vessels  of,  the  cerebral 
substance  may  be  less  than  normal.  Under  the  microscope  the  walls  of  the 
cortical  vessels  are  often  found  to  be  crowded  with  leucocytes,  and  some- 
times minute  aggregations  of  tubercles  may  be  detected  within  the  cortical 
tissue. 

Massive  tubercle  (a  tubercular  tumor)  is  occasionally  found  in  the  brain, 
sometimes  more  than  one.  I  have  seen  a  mass  of  tubercle  the  size  of  a 
filbert  growing  from  the  under  surface  of  the  dura  mater.  Extensive  miliary 
tuberculosis  of  the  small  vessels  and  the  substance  of  the  brain,  causing 
almost  universal  softening,  has  once  been  observed. § 

In  young  children  tubercles  are  almost  invariably  found  widely  scattered 
through  the  other  organs  of  the  body.  They  are  most  constant  in  the  spleen 
— very  frequent,  also,  in  the  enlarged  mesenteric  glands.  Exceptions  to  the 
general  character  of  the  affection  are  rare,  but  Gee  mentions  a  case  in  a 
girl,  aged  four,  in  whom  a  cheesy  mass  in  each  lung  was  the  only  indication 
of  tubercle  outside  the  membranes,  and  similar  cases  have  been  recorded 
by  others.  The  occurrence  of  a  collection  of  caseating  scrofulous  material 
somewhere  in  the  body  is  indeed  almost  invariable  in  these  cases,  and  current 
theories  regard  the  fact  as  evidence  of  an  infective  process.  If  the  backs 
of  the  eyes  are  removed  and  examined,  tubercles  will  often  be  found  in  the 
choroid. 


*  Dawson  and  Hebb,  Lancet,  1884,  Ap.  12,  p.  660. 
f  Dejerine,  Revue  de  Mid.,  March,  1885,  p.  174. 

\  Wortmann  found  no  tubercles  in  the  spinal  membranes  only  in  four  of  twenty-seven  cases 
examined.    Jahrb.f.  Kinderheilk.,  Bd.  xx,  1883,  p.  300. 

g  Gee,  "  Reynolds'  System  of  Medicine,"  vol.  ii,  2d  ed.,  p.  408. 
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Thrombosis  in  a  vein  of  the  convexity  is  occasionally  found  in  tubercular 
meningitis,  sometimes  with  the  secondary  intense  congestion  of  the  corres- 
ponding region  of  the  brain.  Very  rarely  a  sinus  is  occluded  by  the  exten- 
sion of  a  clot  to  it  from  the  brain,  but  the  special  symptoms  of  this  are 
usually  lost  in  those  of  the  meningitis. 

Chronic  Meningitis. — The  diffuse  chronic  meningitis  of  alcoholism  affects 
chiefly  the  convexity,  and  is  always  slight  in  degree.  The  pia  arachnoid  is 
somewhat  opaque,  especially  over  the  sulci,  and  there  may  be  lines  of  opaque 
lymph  along  the  sides  of  the  vessels.  The  focal  chronic  meningitis  of  syph- 
ilis is  often  associated  with  a  syphilitic  growth  or  with  disease  of  the  walls 
of  the  arteries.  There  is  much  thickening  of  the  pia  arachnoid  with  opaque 
lymph,  which  glues  all  adjacent  structures  together,  and  often  unites  the  pia 
mater  to  the  dura  mater.  In  children  this  inflammation  occurs  chiefly  in  the 
posterior  fossa,  about  the  pons,  medulla  and  cerebellum,  which  are  often 
firmly  adherent.  In  another  chronic  form,  which  is,  perhaps,  only  a  later 
stage  of  the  syphilitic  inflammation,  the  inflammatory  tissue  has  undergone 
fibrous  transformation,  and  a  thick  layer  of  tissue,  tendinous  or  cartilaginous 
in  aspect,  extends  over  a  certain  region,  more  often  at  the  base  than  at  the 
convexity,  surrounding  and  compressing  the  nerves,  and  uniting  the  various 
membranes.  The  thickness  of  the  layer  may  be  as  much  as  a  third  of  an 
inch  ;  the  dura  mater  is  often  also  thickened.  It  was  such  a  condition  that 
caused  the  palsy  of  the  fifth  nerve  recorded  by  Erb,  and  mentioned  on  p. 
641.  Whenever  chronic  inflammation  involves  the  membranes  about  the 
medulla  oblongata  it  generally  closes  the  openings  of  the  fourth  ventricle, 
and  internal  hydrocephalus  results. 

Symptoms. — Certain  symptoms  are  common  in  meningitis,  irrespective  of 
its  seat  or  form,  while  others  depend  on  its  situation,  whether  at  the  base  or 
over  the  convexity  of  the  brain,  and  the  special  pathological  forms  differ  in 
their  course,  and  in  the  relative  prominence  of  various  symptoms.  In  every 
form  and  position  the  manifestations  of  the  disease  present  wide  diversity  in 
different  cases.  Nevertheless,  in  the  majority  some  of  a  certain  series  of 
symptoms  are  present,  and  develop  in  such  a  manner  as  to  be  fairly  charac- 
teristic. 

The  symptoms  consist  partly  in  general  disturbance,  such  as  attends  any 
local  inflammation,  partly  in  cerebral  symptoms,  some  general  and  others 
local.  In  many  cases  there  are  also  associated  symptoms  due  to  the  patho- 
logical process  to  which  the  meningitis  is  secondary.  The  chief  symptoms 
common  to  all  forms  will  be  first  described,  and  afterward  the  peculiarities 
of  course,  etc. ,  that  characterize  the  special  varieties. 

Premonitory  symptoms  are  often  present,  although  never  distinctive  in 
character.  They  consist  chiefly  of  such  indications  of  general  indisposition 
as  may  precede  any  variety  of  malady,  languor  and  malaise,  to  which  is 
sometimes  added  mental  irritability.  In  children,  vomiting,  without  cause, 
or  on  some  slight  indiscretion  in  diet,  often  precedes  other  symptoms  for 
some  days.-  It  may  precede  any  variety  of  meningitis,  but  is  especially 
common  before  the  tubercular  form.  In  the  non-tubercular  forms  prodro- 
46 
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mata  are  often  absent,  and  the  pronounced  symptoms  of  the  disease  set  in 
suddenly. 

The  most  important  of  these  are  headache,  delirium,  vomiting,  convul- 
sions, rigidity  and  weakness  of  the  limbs,  and  paralysis  of  cranial  nerves, 
coming  on  acutely  or  subacutely,  usually  accompanied  by  considerable  ele- 
vation of  temperature,  and  followed  by  somnolence  and  coma. 

Headache  is,  of  all  symptoms^  the  most  common  ;  it  is  usually  one  of  the 
earliest,  and  is  prominent  throughout,  until  the  patient  becomes  unconscious. 
It  is  most  frequently  frontal,  but  sometimes  general.  Continuous  in  some 
degree,  severe  exacerbations  occur,  in  which  the  pain  is  very  intense,  and 
may  cause  shrieks  of  suffering,  which  have  received  the  name  of  the  "  hydro- 
cephalic cry;  "  and  these  may  continue  even  when  the  patient  is  almost 
unconscious.  In  rare  cases,  meningitis  runs  its  course  with  little  or  no  pain. 
This  is  especially  rare  in  tubercular  inflammation,  but  not  uncommon  in  the 
secondary  purulent  meningitis  of  septicaemia  and  in  the  simple  meningitis 
of  some  other  blood  states.  Vertigo  is  occasionally  complained  of,  espe- 
cially at  the  onset,  but  on  the  whole  is  not  frequent. 

Delirium  is  another  important  symptom.  It  may  be  either  slight  and  quiet, 
or  active  and  violent.  It  is  often  an  early  symptom,  although  it  rarely 
occurs  at  the  onset  of  the  disease.  It  derives  its  significance  from  its 
association  with  headache.  At  first  there  is  merely  wandering  during  sleep, 
and,  as  the  mental  disturbance  increases,  periods  of  perfect  or  imperfect  con- 
sciousness alternate  with  periods  of  delirium.  The  cries  of  pain  are  often 
frequent  and  severe  during  the  delirium.  When  it  has  set  in  it  usually  per- 
sists, sometimes  with  intermissions,  until  the  development  of  coma. 

Vomiting  consists  in  the  rejection  of  the  contents  of  the  stomach,  often 
without  nausea ;  there  is  not  usually  retching  when  the  stomach  is  empty. 
It  is  a  frequent  and  often  a  very  early  symptom,  whatever  be  the  seat  of  the 
inflammation,  but  is  more  frequent  in  meningitis  of  the  base  than  in  that  of 
the  convexity.  The  tongue  is  at  first  clean,  but  it  may  afterward  become 
thickly  furred.  The  bowels  are  confined,  often  obstinately,  and  the  abdo- 
men is  retracted. 

General  convulsions  occur  irrespective  of  the  seat  of  the  inflammation,  but 
are  rather  more  frequent  in  children  than  in  adults.  They  may  occur  at 
any  time  during  the  course  of  the  disease,  from  the  onset  to  the  end.  They 
are  occasionally  almost  the  only  symptom  of  the  meningitis  that  is  produced 
by  septic  processes.  Rigidity  of  the  muscles  of  the  neck,  with  retraction  of 
the  head,  is  common  in  meningitis  about  the  posterior  part  of  the  base,  and 
may  extend  to  the  muscles  of  the  back,  if  the  inflammation  passes  down  the 
spinal  canal.  It  is  a  symptom  of  very  great  importance,  being  frequently 
the  first  unequivocal  indication  of  the  malady. 

Optic  neuritis  is  a  common  symptom  of  meningitis  of  the  base,  but  is  rare 
when  the  inflammation  is  confined  to  the  convexity.  It  is  not  an  early 
symptom,  being  seldom  met  with  until  the  end  of  the  first  week.  I  have 
once  seen  it  (unilateral)  as  early  as  the  fifth  day  after  the  onset  of  the  symp- 
toms of  tubercular  meningitis.     It  is  due  to  the  extension  of  inflammation 
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from  the  membranes  to  the  sheath  and  substance  of  the  optic  nerve  within 
the  skull,  and  the  descent  of  this  inflammation  to  the  eye,  probably  aided 
by  the  passage  of  material  down  the  sheath  of  the  nerve  to  the  neighborhood 
of  the  globe.  The  intraocular  changes  are  seldom  intense.  There  is  swell- 
ing of  the  papilla,  blurring  the  edges  of  the  disc,  and  often  (especially  in 
tubercular  meningitis)  the  swelling  is  paler  than  in  commencing  inflammation 
from  other  causes.  The  veins  are  full,  but  hemorrhages  are  rare,  and  the 
neuritis  is  never  so  intense  as  in  cases  of  tumor.  Choroidal  tubercles  are 
sometimes  seen  in  the  tubercular  variety. 

Hyperesthesia  of  the  skin  is  occasionally  met  with,  and  that  of  the  special 
senses  is  very  common,  so  that  light  and  noise  distress  the  patient  and 
increase  his  suffering.  Both  are  apparently  due  to  the  general  excitability 
of  the  brain.  Retention  of  urine  is  common  in  the  later  stage,  when 
consciousness  is  obscured.  Occasionally  there  is  incontinence  of  urine  and 
faeces. 

Local  symptoms  occur  in  the  cranial  nerves  and  limbs.  In  the  former 
they  depend  chiefly  on  the  affection  of  the  base,  in  the  latter  on  that  of  the 
convexity.  These  symptoms  are  partly  those  of  irritation,  partly  those  of 
paralysis.  The  most  common  symptoms  are  in  the  ocular  nerves,  causing 
alteration  in  the  position  or  movement  of  the  eyeballs  or  in  the  size  of  the 
pupils.  Strabismus  is  a  very  important  symptom  ;  it  is  often  at  first  tran- 
sient, or  present  only  on  movement,  and  even  then  inconstant,  depending 
apparently  on  varying  over-action  of  a  muscle.  In  other  cases  there  is  per- 
sistent and  evidently  paralytic  weakness  of  certain  muscles.  Slight  ptosis 
may  occur,  but  complete  paralysis  of  the  third  nerve  is  not  common. 
Indeed,  the  whole  of  any  nerve  is  scarcely  ever  paralyzed  unless  other  nerves 
suffer  in  some  degree,  a  point  of  some  importance.  The  pupils  are  usually 
contracted  in  the  early  stage,  especially  when  there  is  intolerance  of  light ; 
subsequently  they  are  often  dilated.  Inequality  is  a  very  common  and  most 
important  symptom  ;  it  occurs  in  inflammation  of  the  convexity  as  well  as 
of  the  base.  It  is  often  transient  and  variable,  present  at  one  time  and 
absent  a  few  hours  later  ;  now  one  pupil,  now  the  other,  may  be  the  larger. 
An  undue  sensitiveness  of  the  dilator  fibres  to  cutaneous  stimulation  has 
been  noted  by  Parrot. 

Next  in  frequency  is  an  affection  of  the  facial  nerve,  weakness  of  which 
is  indicated  by  inequality  of  the  mouth,  or  distinct  defect  of  movement. 
When  the  disease  is  at  the  base,  all  parts  of  the  facial  nerve  may  be  affected ; 
when  it  is  over  the  convexity,  the  lower  part  surfers  alone  in  most  cases ; 
perhaps  there  is  occasionally  brief  weakening  of  the  upper  part.  The  mus- 
cles of  mastication  may  be  rigid,  but  this  is  not  frequent,  and  their  paralysis 
is  still  more  rare.  The  hypoglossal  nerve  sometimes  suffers,  and  deviation 
of  the  tongue  results. 

The  hypersesthesia  of  the  special  senses  has  been  already  mentioned.  An 
affection  of  the  olfactory  nerve  is  very  rare.  So  also  is  considerable  impair- 
ment of  sight,  which  scarcely  ever  occurs  except  in  cases  in  which  the 
inflammation  passes  into  a  chronic  stage,  and  damages  the  optic  nerve  con- 
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siderably,  partly  directly,  and  partly  by  the  contraction  of  lymph  that  forms 
around  it.  The  auditory  nerve  suffers  more  frequently,  usually  in  associa- 
tion with  the  facial  (which  lies  beside  it  at  the  base  of  the  brain),  but  in 
greater  degree.  Both  auditory  nerves  are  sometimes  supposed  to  be  damaged 
alone  in  meningitis  associated  with  bilateral  otitis  interna,  but  it  is  certain 
that  in  these  cases  the  deafness  is  due  to  the  labyrinthine  inflammation,  and 
not  to  the  meningitis. 

One-sided  symptoms  are  not  uncommon,  muscular  rigidity,  unilateral  con- 
vulsion, or  hemiplegia.  Complete  hemiplegia  is  rare,  and  occurs  only  when 
the  membranes  about  the  central  convolutions  are  involved.  Sometimes  no 
difference  can  be  seen  in  the  state  of  the  membranes  over  the  two  hemis- 
pheres to  account  for  the  difference  in  the  limbs ;  the  paralysis  is  apparently 
due  to  arrest  of  function  by  the  irritation.  In  rare  cases,  the  hemiplegia  is 
due  to  the  occurrence  of  thrombosis  in  a  surface  vein.  Rigidity  of  the 
limbs  of  one  side  or  of  both  is  very  frequent.  It  may  be  slight  or  consider- 
able, and  often  varies  from  time  to  time ;  passive  movements  then  cause 
pain,  and  the  pain  produced  is  often  greater  than  the  amount  of  rigidity 
would  suggest.  Convulsions,  beginning  locally,  or  partial  in  extent,  are 
also  common  in  meningitis  of  the  convexity.  Unilateral  hyperaesthesia  may 
also  occur,  and  there  may  be  areas  of  anaesthesia,  but  complete  hemiana?sthesia 
is  very  rare.  Aphasia  occurs  chiefly  in  the  tubercular  variety,  perhaps 
because  such  inflammation  is  apt  to  extend  along  the  fissure  of  Sylvius.  It 
is  occasionally  an  early  symptom. 

The  pyrexia  of  meningitis  varies  much  in  different  cases.  Often  there  is 
from  the  first  a  considerable  elevation  of  temperature,  ioi°-io3°,  and  it 
remains  high,  with  irregular  variations,  throughout  the  disease.  In  the 
most  acute  purulent  form  the  temperature  may  rise  quickly  to  1040  or  1050, 
and  remain  high  till  death.  In  other  cases  the  temperature  is  at  first  raised 
and  toward  the  end  falls  below  the  normal,  and  a  rectal  temperature  of  97° 
or  96°  has  been  observed.  On  the  other  hand,  toward  the  end  the  temper- 
ature may  be  very  high,  1060  or  1080.  It  is  said  that,  in  very  rare  cases, 
the  disease  runs  its  course  without  fever,  and  it  is  certain  that  for  some  days 
the  temperature  may  not  be  above  the  normal ;  apparently  this  is  the  result 
of  an  influence  exerted  by  the  nervous  system,  which  neutralizes  the  ten- 
dency of  the  inflammatory  process. 

The  pulse  presents  as  wide  variations  as  the  temperature,  but  there  may  be 
no  correspondence  between  the  variations  in  the  two  symptoms.  In  some 
cases  it  is  frequent  throughout;  more  often  it  is  slow,  68,  50  or  even  40, 
and  it  is  often  not  only  slow  but  irregular  in  rhythm.  The  premortal  rise 
in  temperature  is  usually  attended  by  extreme  frequency  of  pulse,  160,  180, 
and  sometimes  unaccountable  rapidity. 

The  vasomotor  system  is  often  disturbed.  The  well-known  tacke  cir&brale, 
in  which  cutaneous  irritation  is  followed  by  unusually  vivid  and  enduring 
congestion  of  the  skin,  has  been  erroneously  supposed  to  be  of  special  diag- 
nostic significance,  but  is  met  with  in  many  other  affections.  There  is 
often  a  strong  tendency  to  the  formation  of  sloughs  and  bedsores,  and  these 
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vesications  are  frequently  produced  by  the  application  to  the  skin  of  hot 
bottles,  the  heat  of  which  is  insufficient  to  cause  the  effect  in  a  healthy  per- 
son ;  uncovered  metallic  bottles  are  especially  dangerous.  These  trophic 
changes  are  more  frequent  in  subacute  than  in  acute  meningitis. 

Respiration  is  sometimes  slightly  quickened,  but  it  is  rarely  much  dis- 
turbed until  the  final  period,  when  in  tubercular  meningitis  the  Cheyne- 
Stokes  rhythm  is  often  observed,  and,  in  this  disease,  is  always  of  fatal 
significance.  More  frequent  are  irregular  pauses,  in  which  the  child  ceases 
to  breathe  for  several  seconds.  In  meningitis  of  the  posterior  fossa  there  is 
sometimes  almost  sudden  failure  of  breathing,  irregular  feeble  respiration, 
with  rapid  cyanosis,  quickly  followed  by  death. 

The  urine  is  scanty  and  febrile  in  character.  Albumen  or  a  trace  of  sugar 
sometimes  appears. 

Course. — The  onset  is  sometimes  rapid  and  violent,  marked  by  sudden 
and  high  pyrexia,  by  rigors,  and  by  special  symptoms  of  intense  degree.  In 
such  cases  the  inflammation  is  usually  purulent ;  the  spinal  membranes  are 
commonly  involved-,  and  the  cases  resemble  the  epidemic  form.  The  course 
of  these  cases  is  sometimes  so  rapid  as  to  resemble  that  of  the  slower  forms 
of  cerebral  hemorrhage.  Death  may  occur  within  forty-eight  hours  after 
the  onset  of  the  symptoms.  In  other  cases  the  onset  is  gradual  and  insidi- 
ous, and  this  is  especially  frequent  in  tubercular  meningitis.  During  the 
early  period,  symptoms  of  excitement  of  function  predominate  ;  delirium 
accompanies  the  headache  ;  there  are  convulsions  and  muscular  contractures. 
At  a  later  period  there  is  depression  of  function,  somnolence  deepens  to 
coma,  and  various  paralyses  occur.  These  are  often  distinguished  as  first 
and  second  stages  of  the  disease,  and  the  deep  coma  that  precedes  death  is 
regarded  as  a  third  stage.  These  stages  are  not  always  distinctly  recog- 
nizable. Coma  sometimes  develops  almost  at  the  outset,  and  palsy  of  limb 
or  face  may  be  the  earliest  symptoms.  Often  the  local  symptoms  are  trifling, 
and  only  the  general  cerebral  symptoms  are  marked. 

The  duration  of  meningitis  varies  from  two  or  three  days  to  as  many 
weeks.  The  most  rapid  cases  are  those  due  to  septic  processes  and  cases  of 
the  primary  purulent  inflammation  already  mentioned.  But  the  maximum 
duration  mentioned  above  is  occasionally  exceeded,  and  cases  are  met  with 
that  must  be  regarded  as  subacute.  They  are  generally  examples  of  simple 
inflammation,  and  occur  chiefly  in  children ;  they  constitute  a  transition  to 
the  form  of  chronic  infantile  meningitis  mentioned  on  p.  739. 

Symptoms  in  Relation  to  Locality. — In  meningitis  of  the  convexity, 
delirium  is  more  pronounced,  local  convulsions  and  hemiplegic  weakness 
are  more  common,  vomiting  is  less  frequent,  palsies  of  the  cranial  nerves  are 
for  the  most  part  absent,  and  optic  neuritis  is  rare.  In  meningitis  of  the 
base  the  cranial  nerves  suffer  early,  delirium  occurs  later,  vomiting  is  fre- 
quent, and  optic  neuritis  usually  develops  before  the  symptoms  have  reached 
a  high  degree  of  intensity.  When  delirium  is  the  chief  symptom,  the  aspect 
of  the  case  may  closely  resemble  delirium  tremens.  When  meningitis  is 
limited  to  one  part  of  the  base,  the  cranial  nerves  suffer  that  have  their 
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course  in  that  part.  There  is  usually  retraction  of  the  head  when  the 
inflammation  affects  the  membranes  about  the  pons  and  medulla,  a  symptom 
of  very  great  diagnostic  importance. 

In  ventricular  meningitis,  in  which  abundant  effusion  and  traces  of  inflamma- 
tion in  the  choroid  plexus  and  ependyma  are  the  only  morbid  changes,  the 
symptoms  are,  strange  to  say,  the  same  as  in  other  forms — headache,  vomiting, 
fever,'  convulsions,  rigidity,  delirium,  irregularity  of  pulse  and  breathing,  and 
finally  coma,  but  the  functions  of  the  cranial  nerves  are  seldom  interfered  with. 
The  fontanelle,  if  open,  is  distended  and  pulsates.  Death  may  occur  in  a  few 
days,  or  at  the  end  of  ten  days  or  a  fortnight.  Occasionally,  after  an  acute 
onset,  the  symptoms  lessen,  but  the  remission  is  followed  by  their  renewal  in 
fatal  intensity.  It  is  said  that  incomplete  recovery  may  occur,  with  enduring 
defect  in  mind  or  muscular  power,  contractures,  oscillating  gait  or  convul- 
sions. Enlargement  of  the  head  may  develop,  and  the  case  practically 
becomes  one  of  chronic  hydrocephalus.  There  is  nothing  in  these  symp- 
toms that  is  distinctive.  All  are  common  to  meningitis  that  is  external  as 
well  as  internal,  and  there  is  considerable  room  for  doubt  as  to  the  accuracy 
of  the  diagnosis  of  cases  that  are  not  fatal. 

Symptoms  in  Relation  to  Form. — In  simple  meningitis  the  symptoms  are 
those  above  described,  and  their  precise  character  depends  on  the  seat  of 
inflammation.  The  course  of  the  disease  is  often  longer  than  in  other  forms, 
three,  four  or  six  weeks,  and  the  symptoms  present  greater  variations  in 
degree  and  in  character.  The  rise  of  temperature  is  often  at  first  great,  but 
it  may  subside  as  the  disease  passes  into  a  subacute  stage.  Probably  in  con- 
sequence of  the  longer  course,  optic  neuritis  is  frequent  and  considerable  in 
degree.  In  meningitis  secondary  to  local  disease,  the  seat  of  the  inflamma- 
tion, and  therefore  the  attendant  symptoms,  differ  according  to  the  position 
of  the  disease  that  excites  it.  Moreover,  the  symptoms  of  the  primary 
malady  often  mask  those  of  the  meningitis  which  it  excites. 

Tubercular  Meningitis. — The  symptoms  differ  in  some  extent  in  children 
and  in  adults. 

In  the  child  prodromata  are  frequent.  Loss  of  flesh,  and  indications  of 
general  failure  of  strength  are  the  most  common.  They  are  usually  due  to 
the  process  of  tuberculosis,  of  which  the  meningitis  is  one  result.  Slight 
evening  pyrexia  often  accompanies  these  symptoms.  Other  premonitory 
symptoms  are  met  with  in  the  nervous  system— mental  irritability,  restless- 
ness at  night,  and  a  tendency  to  frontal  headache,  the  pain  being  excited  by 
mental  work  and  fatigue. 

These  symptoms  may  exist  for  a  few  weeks,  sometimes  for  a  month  or  two 
before  the  actual  onset.  When  the  meningitis  is  secondary  to  considerable 
tubercular  mischief  elsewhere,  as  in  the  lungs,  the  symptoms  of  this  usually 
obscure  any  premonitory  symptoms  of  the  meningitis.  Occasionally,  as  the 
cerebral  inflammation  develops,  the  symptoms  of  the  lung  affection  lessen  in 
a  remarkable  degree.  The  headache,  which  may  exist  for  two  or  three 
weeks  before  the  onset  of  the  acute  symptoms,  is  perhaps  due  to  the  forma- 
tion of  tubercle  in  the  membranes,  if,  as  is  generally  believed,  this  precedes 
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the  inflammation.  Another  symptom  that  often  precedes  the  definite  onset, 
but  usually  for  a  shorter  time  than  headache,  is  vomiting  of  food.  The  vom- 
iting may  be  apparently  causeless,  or  may  follow  an  inadequate  cause,  i.  e., 
it  occurs  after  food  that  is  not  quite  judicious,  although  not  so  indigestible 
as  to  be  alone  a  sufficient  cause  of  its  rejection.  This  symptom  should 
always  excite  suspicion  if  it  occurs  without  other  indications  of  gastric  dis- 
turbance, and  especially  if  it  is  repeated  and  succeeds  other  premonitory 
symptoms. 

Such  vomiting,  more  severe  in  degree,  is  a  common  symptom  of  the  onset, 
which  is  usually  •attended  by  a  great  increase  in  the  headache,  or  by  the 
development  of  headache  if  this  was  absent  before,  sometimes  by  drowsi- 
ness, and  often  by  attacks  of  general  convulsion.  In  the  early  stage  of  the 
disease  the  prominent  symptoms  are  usually  those  of  general  cerebral  dis- 
turbance, and  symptoms  outside  the  nervous  system — headache,  somnolence, 
intolerance  of  disturbance,  delirium  in  other  children,  sometimes  vertigo, 
vomiting,  constipation,  elevation  of  temperature,  with  a  pulse  that  is  rela- 
tively, if  not  absolutely,  infrequent ;  a  pulse,  for  instance,  of  80,  with  a 
temperature  of  1010,  or  a  pulse  of  60,  50  or  40.  Very  frequently  there  is 
rigidity  of  the  muscles  at  the  back  of  the  neck,  and  slight  retraction  of  the 
head,  soon  after  the  onset.  Aphasia  is  sometimes  an  early  symptom ;  tuber- 
cular meningitis  is  one  of  the  most  common  causes  of  aphasia  in  children. 
At  the  end  of  the  first  week,  sometimes  earlier,  sometimes  later,  symptoms 
in  the  region  of  the  cranial  nerves  come  on,  of  which  those  in  the  eyes  and 
face  are  the  most  common  ;  occasional  strabismus,  inequality  of  pupil, 
slight  ptosis,  imperfect  closure  of  one  eye,  or  inequality  of  the  mouth  at  rest 
or  on  movement.  About  this  time  also  changes  in  the  optic  disc  are  often 
recognizable.  In  the  course  of  the  second  week  the  somnolence  deepens  to 
coma,  but  in  older  children  this  may  be  preceded  by  delirium,  occasionally 
violent.  The  cranial  nerve  disturbance  becomes  more  conspicuous.  Retrac- 
tion of  the  head,  if  not  present  before,  often  comes  on,  and  there  may  be 
rigidity  of  the  limbs.  There  is  often  also  local  convulsion,  or  local  paralysis 
— hemiplegia,  or  palsy  of  the  arm  or  face,  seldom  of  the  leg  or  face.  Defect 
of  sensation  is  sometimes  associated  with  the  palsy,  and  may  be  more  exten- 
sive ;  it  may  be  preceded  by  hyperesthesia.  The  paralysis  may  be  transient 
or  permanent.  The  pulse  often  becomes  frequent,  140-180,  sometimes 
suddenly,  sometimes  gradually.  Respiration  is  often  sighing  or  irregular. 
The  temperature  may  remain  at  a  moderate  elevation,  or  may  fall  below  the 
normal.  Its  course  is  irregular,  and  of  no  special  type,  nor  is  there  any 
correspondence  between  the  character  of  the  pyrexia  and  the  pathological 
lesions.  Toward  the  end  of  this,  or  in  the  beginning  of  the  third  week,  the 
child  lies  unconscious  and  motionless,  often  with  rigidity  or  flaccidity 
of  the  muscles  of  one  side ;  muco-pus  accumulates  on  the  cornea.  Some- 
times there  are  convulsions,  and  even  choreiform  movements,  in  older 
children ;  the  respiration  is  more  irregular,  and  may  present  an  occa- 
sional pause  or  a  distinct  Cheyne-Stokes  rhythm.  The  patient  may  die 
during   the    coma,  with   accumulation  of    mucus  in    the   chest ;    bedsores 
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may  form,  and  hasten  the  fatal  issue ;  or  death  may  immediately  succeed  an 
attack  of  convulsions.  Sometimes  there  is  an  apparent  improvement  shortly 
before  death,  but  as  Oxley*  has  pointed  out,  the  pulse  seldom  shares  in  this. 
The  temperature  toward  the  end  may  sometimes  remain  at  about  the  same 
degree  of  moderate  elevation,  sometimes  it  becomes  very  high,  sometimes 
falls  below  the  normal,  and  is  sometimes  very  low.  Thus  in  one  recorded 
case  on  the  seventeenth  day  of  the  disease,  the  day  before  death,  the  tem- 
perature was  only  930  (Bokai). 

In  the  rare  cases  in  which  tubercular  meningitis  affects  only  the  convexity, 
the  symptoms  in  the  cranial  nerves  are  absent,  vomiting*  is  less  obtrusive, 
and  headache  and  delirium,  with  convulsions  and  rigidity  of  limb,  constitute 
the  chief  symptoms.  The  pulse  is  said  to  be  generally  frequent,  even  from 
the  first.  Inequality  of  pupil  is  often  present  when  other  ocular  symptoms 
(including  neuritis)  are  absent.  Partial  tubercular  meningitis,  affecting  pnly 
a  small  part  of  the  convexity,  causes  local  symptoms  resembling  those  of  a 
tubercular  growth,  with  which,  indeed,  it  is  commonly  associated. 

The  duration  from  the  onset  varies  from  one  to  three  weeks.  It  is  rarely 
less  than  a  week,  but  occasionally  lasts  for  four  weeks.  The  average  is  two 
weeks.  In  cases  that  begin  insidiously  the  duration  is  determined  with 
difficulty,  and  if  the  premonitory  period  is  included  the  average  is  more 
than  two  weeks.  The  average  duration  of  tubercular  meningitis,  limited  to 
the  convexity,  is  said  to  be  less  than  when  the  base  is  affected.  In  all  cases 
the  usual  termination  is  death.  Probably  all  cases  which  pass  into  the  stage 
of  coma  end  fatally.  But  it  is  probable  that  cases  of  tubercular  meningitis 
do  sometimes  recover.  Unquestionably  cases  recover  in  which  the  existence 
of  meningitis  admits  of  no  doubt,  and  in  which  there  is  a  strong  presump- 
tion that  the  inflammation  was  tubercular,  although  the  recovery  removes 
the  possibility  of  rigid  proof.  In  most  cases  of  children  who  recover  from 
an  illness  resembling  tubercular  meningitis,  the  cerebral  symptoms  were 
general  pain,  delirium,  convulsion  and  coma  ;  as  a  rule,  there  has  not  been 
paralysis  of  any  cranial  nerve.  In  a  few  recorded  cases  of  recovery  death 
has  occurred  some  months  later,  from  a  recurrence  of  meningitis,  and  good 
observers  have  declared  themselves  satisfied  of  the  existence  of  pathological 
evidence  of  the  previous  attack  of  meningitis  which  ended  in  recovery. 

In  the  adult  the  symptoms  of  tubercular  meningitis  are  essentially  the 
same  as  in  the  child,  but,  if  possible,  even  more  varied  in  their  character 
and  combination.  Headache,  vomiting,  and  cranial  nerve  symptoms  are 
the  same.  General  convulsions  are  less  frequent,  delirium  usually  occurs 
earlier,  and  its  association  with  persistent  headache  is  often  conspicuous. 
The  insidious  character  of  the  onset  is  as  common  as  in  childhood,  in  spite 
of  the  ability  of  the  sufferer  to  describe  his  symptoms.  In  young  women 
the  early  stage  of  the  disease  is  sometimes  attended  by  symptoms  of  hyste- 
roid  character ;  the  morbid  functional  tendency  incidental  to  the  age  and 


*  Liverpool  Mcd.-Chir.  Journal,  July,  1885. 


MENINGITIS.  737 

sex  determines  the  form.of  the  general  functional  disturbance  that  is  at  first 
produced  by  the  disease  of  the  membranes. 

The  disease  commonly  comes  on  in  the  course  of  phthisis,  but  the  indica- 
tions of  lung  disease  may  be  so  slight  as  to  escape  notice,  and  sometimes 
the  malady  has  the  aspect  of  a  primary  affection,  although  tubercles  are  found 
after  death  elsewhere.     Besides  the  symptoms  already  described,  it  should 
be  noted  that  hemiplegia,  coming  on  in  the  course  of  a  few  days  or  a  week, 
and  often  attended  by  convulsions,  may  be  the  chief  symptom  when  the 
inflammation  involves  the  convexity  of  one  hemisphere.     The  duration  of 
the  disease  in  the  adult  is  sometimes  the  same  as  in  the  child,  but  often  it  is 
apparently  shorter,  perhaps  because  the  early  symptoms  are  overlooked  in 
the  presence  of  the  more  obtrusive  pulmonary  disease.  Occasionally,  on  the 
other  hand,  it  is  much  longer.     Headache  generally  precedes  other  symp- 
toms, and  the  sufferers  have  often  been  liable  to  headache,  and  increasingly 
so  during  the  ill  health  that  preceded  the  meningitis  in  most  cases.     The 
habitual  headache  passes  into  that  of  the  intracranial  disease,  and  increases 
the  difficulty  of  fixing  the  commencement  of  the  latter.    The  fatality  of  the 
disease  is  great,  but  cases  of  recovery  from  what  is  apparently  tubercular 
meningitis  are  observed  in  young  adults  more  frequently  than  in  children. 
Doubt  always  hangs  over  the  exact  nature  of  cases  that  recover,  but  the 
probable  evidence  as  to  the  tubercular  character  of  some  of  these  cases  is 
very  strong.     As  an  instance  of  this  class  may  be  mentioned  the  case  of  a 
girl,  aged  nineteen,  who  had  lost  a  brother  from  caries  of  the  spine,  and  a 
cousin  from  phthisis.     For  some  months  she  had  been  growing  anaemic  and 
languid,  especially  since  the  death  of  a  sister  two  months  previously.  Three 
weeks  before  I  saw  her,  having  previously  complained  for  a  week  or  two  of 
slight  headache,  this  suddenly  became  intense,  chiefly  on  the  left  side  of  the 
head,  keeping  her  awake  at  night,  making  her  scream  with  the  pain ;  it 
was  accompanied  by  frequent  vomiting.       After  a  few  days  these  symptoms 
lessened,  but  recurred  from  time  to  time,  and  with  especial  severity  two 
weeks  before  the  onset,  a  day  or  two  before  I  saw  her.     After  this  attack 
she  was  somnolent,  did  not  speak,  and  the  urine  was  passed  into  the  bedi 
The  temperature,  at  first  normal,  rose  to  ioo°     She  moved  the  right  arm 
less  than  the  left,  and  had  several  convulsions  with  tonic  spasm,  flexion  of 
the  arms  and  deviation  of  the  head  to  the  right.     When  seen,  she  could  be 
roused  to  take  notice,  but  not  to  speak.     There  was  slight  rigidity  of  the 
limbs,  greater  on  the  right  side.     The  legs  and  upper  arms  were  moved,  but 
not  the  hands.      The  pulse  was  88  and  irregular.      There  was  slight  but  dis- 
tinct optic  neuritis,  in  aspect  exactly  that  seen   in  tubercular  meningitis. 
Her  head  was  shaved,  ice  applied  to  it,  and  a  blister  to  the  back  of  the  neck, 
and  phosphate  of  iron,  iodide  of  potassium  and  nitric  ether  given  internally. 
That  evening  she  had  four  more  convulsions,  commencing  in  the  right  leg. 
The  day  after  that  on  which  the  blister  rose  she  spoke,  and  afterward  slowly 
improved ;  for  several  days  more,  however,  urine  was  passed  into  the  bed, 
and  the  right  arm  was  distinctly  weaker  than  the  left.      She  ultimately 
recovered  perfectly. 
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Partial  tubercular  meningitis  is  rare.  The  development  of  tubercle  in  the 
meninges  may  be  local,  affect  one  part  of  the  pia  mater  only,  and  give  rise 
only  to  symptoms  of  irritation  of  the  underlying  cortex.  When  the  disease 
is  over  or  near  the  motor  region  of  the  cortex  it  may  cause  convulsion  of 
local  commencement  or  range,  and  the  symptoms  are  distinguishable  from 
those  of  a  tumor  only  by  their  course. 

Purulent  Meningitis. — The  symptoms  depend  upon  its  locality.  The  course 
is  usually  very  acute,  and  the  pyrexia  considerable  and  constant,  often  with 
an  evening  rise ;  the  temperature  is  far  more  regular  in  its  variations  than  in 
tubercular  meningitis.  The  general  description  given  of  the  symptoms  of 
meningitis  is  in  the  main  applicable  to  the  purulent  form.  But  no  form  of 
inflammation,  not  even  the  tubercular,  presents  greater  variations  in  symptoms 
and  course  in  proportion  to  the  intensity  of  the  process.  Some  cases  sec- 
ondary to  suppuration  elsewhere,  present  extraordinary  latency.  I  have 
known,  for  instance,  slight  occasional  strabismus,  slight  retraction  of  the 
head,  moderate  headache,  irregular  fever,  and  optic  neuritis,  to  be  the  only 
symptoms,  although  after  death  both  cerebral  and  spinal  membranes  were 
bathed  in  pus,  and  the  meningitis  certainly  commenced  a  fortnight  before 
death. 

Focal  meningitis,  involving  only  a  small  area  of  the  membranes  on  one 
side  of  either  the  base  or  the  convexity,  is  generally  chronic — traumatic 
cases  of  course  excluded.  The  condition  is  therefore  described  in  the  next 
section.  In  the  very  rare  cases  in  which  focal  myelitis  is  acute,  the  symptoms 
are,  for  the  most  part,  similar  to  those  of  the  chronic  form,  the  chief  differ- 
ence being  in  their  course. 

CHRONIC  MENINGITIS. 

The  symptoms  of  chronic  meningitis  consist  chiefly  in  local  disturbance 
of  function ;  the  symptoms  outside  the  nervous  system,  so  conspicuous  in 
most  cases  of  acute  meningitis,  are,  as  a  rule,  absent  in  the  chronic  form. 
In  the  adult  the  symptoms  vary  much,  according  to  the  cause  and  nature  of 
the  inflammation.  In  the  chronic  alcoholic  meningitis,  which  affects  chiefly 
the  convexity  over  both  hemispheres,  the  chief  symptoms  are  headache, 
slight  delirium,  mental  failure,  and  slight  optic  neuritis.  The  malady  always 
runs  a  very  chronic  course,  and  its  symptoms  are  often  overshadowed  by 
those  of  some  other  of  the  effects  of  alcoholism,  such  as  liver  disease  or 
multiple  neuritis.  The  symptoms  may  subside  if  the  cause  of  the  morbid 
state  can  be  arrested.  It  is  probable  that  they  are  in  part  due  to  the  action 
of  the  alcohol  on  the  brain  substance. 

Chronic  syphilitic  meningitis  in  the  adult  is  generally  local.  It  usually 
occurs  chiefly  in  the  vicinity  of  a  syphilitic  growth,  and  its  chief  effect  is  to 
extend  the  symptoms  of  the  latter  over  a  wider  area  than  corresponds  to 
the  actual  tumor.  Thus,  in  the  case  of  a  syphiloma  growing  into  the  hemi- 
sphere from  the  outer  side  of  the  cms,  the  effects  of  this  were  accompanied 
by  palsy  of  the  fifth  nerve  on  the  same  side,  in  consequence  of  syphilitic 
meningitis  extending  from  the  tumor.     Sometimes  local  meningitis  exists 
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apart  from  any  distinct  growth.  There  is  always  a  considerable  formation 
of  tissue,  thickening  the  pia  arachnoid,  sometimes  to  such  an  extent  as  to 
suggest  a  diffuse  growth.  The  seat  of  the  disease  may  be  at  the  base  or  the 
convexity ;  in  either  situation  focal  symptoms  are  produced,  scarcely  dis- 
tinguishable in  the  more  chronic  cases  from  those  of  a  syphilitic  growth. 
When  the  seat  of  the  disease  is  the  neighborhood  of  the  crus,  pons,  or 
medulla,  a  distinction  from  tumor  is  afforded  by  the  slighter  indication  of 
compression  of  these  parts.  The  side  of  the  medulla  is  an  occasional  seat 
of  this  inflammation,  which  is  one  of  the  most  common  causes  of  the  con- 
joint palsy  of  one-half  of  the  tongue,  side  of  the  palate,  and  vocal  cord  (see 
p.  707).  In  very  rare  cases  such  chronic  meningitis  is  subacute  or  even  acute. 
It  is  highly  probable  that  focal  inflammation  in  adults  is  always  syphilitic  in 
nature,  the  traumatic  form  of  course  excepted.  The  following  case  is  prob- 
ably an  instance  of  it.  A  married  lady,  a  month  after  her  confinement,  suf- 
fered for  a  week  or  two  from  neuralgic  pain  about  the  right  temple  and  eye, 
and  then  became  feverish ;  one  or  two  convulsions  occurred,  of  uncertain 
character,  and  left  hemiplegia  developed  rapidly,  the  paralysis  of  arm  and 
leg  becoming  almost  complete  in  the  course  of  a  few  days.  There  was  no 
optic  neuritis.  Iodide  of  potassium  was  given  and  mercury  rubbed  in,  etc. ; 
as  soon  as  the  influence  of  the  drugs  became  established  the  symptoms  began 
to  lessen,  and  they  passed  away  entirely  in  the  course  of  a  few  weeks.  In 
this  case  the  evidence  of  local  meningitis  afforded  by  the  symptoms  and  their 
mode  of  onset  was  conclusive,  and  although  the  effect  of  the  drugs  employed 
is  not  certain  evidence  of  the  nature  of  the  lesion,  it  gave  some  support  to 
the  opinion,  based  on  the  limited  extent  of  the  disease,  that  it  was  of  syphi- 
litic origin.  In  such  a  case  it  is  useless  cruelty  to  suggest  to  a  husband,  by 
questions  regarding  his  past  history,  that  he  may  be  the  unconscious  cause  of 
his  wife's  malady.  It  is  unlikely  that  by  such  questions  syphilis  can  be  abso- 
lutely excluded,  and  unless  it  can  be  excluded,  the  anti-syphilitic  treatment 
in  such  a  case  is  the  first  duty  of  the  practitioner.  Moreover,  if  syphilis  can 
be  excluded,  the  treatment  suitable  for  syphilis  remains  the  most  promising 
for  a  simple  inflammation. 

Chronic  infantile  meningitis,  which  is  also  in  some  cases  associated  with 
syphilis,  causes  symptoms  that  depend  on  the  special  proclivity  of  the  inflam- 
mation to  affect  the  posterior  fossa  of  the  base.  The  most  important  and 
characteristic  symptom  is  retraction  of  the  head.  In  a  valuable  paper  on 
these  cases*  Drs.  Gee  and  Barlow  point  out  that  the  onset  of  this  symptom 
is  sometimes  sudden,  sometimes  gradual;  when  sudden  it  is  occasionally 
attended  by  other  symptoms — fever,  vomiting,  rigidity  of  the  limbs,  con- 
vulsions. I  have  known  general  convulsions  to  precede  for  a  week  the  onset 
of  the  retraction.  The  holding  back  of  the  head  is  due  to  a  tonic  contrac- 
tion in  the'  muscles,  and  becomes  greater  when  the  child  is  made  to  sit  up. 


*  "  On  the  Cervical  Opisthotonos  of  Infants,"  St.  Bartholomew's  Hospital  Reports,  vol. 
xiv,  1878,  p.  22.  The  occasional  relation  to  syphilis,  noted  by  them,  is  conBrmed  by  Money, 
"Treatment  of  Disease  in  Children,"  1887,  p.  456. 
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It  varies  in  degree  at  different  times,  and  is  occasionally  intermittent.  When 
the  condition  has  become  established,  it  is  often  attended  by  rigidity  of  the 
limbs,  sometimes  by  epileptiform  convulsions.  Palsy  is  rare,  but  strabis- 
mus and  nystagmus  are  sometimes  observed.*  Occasionally  hydrocephalic 
enlargement  of  the  head  follows  after  a  time.  The  symptoms  continue  for  a 
period  that  varies  from  a  month  to  a  year  and  a  half,  and  may  end  in  recov- 
ery or  death.  After  death  the  signs  of  chronic  meningitis  are  always  found, 
chiefly  in  the  posterior  fossa  of  the  base  ;  generally  lymph  glues  together  the 
medulla  and  cerebellum,  and  then  there  is  chronic  hydrocephalus,  the  open- 
ings from  the  fourth  ventricle  being  closed  by  the  lymph.  There  may  also 
be  slight  inflammation  in  the  membranes  of  the  spinal  cord,  and  this,  as  I 
have  seen,  without  special  symptoms  of  spinal  meningitis.  In  some  cases 
such  retraction  of  the  head  dates  from  the  time  of  birth,  and  it  is  highly 
probable  that  in  these  cases  there  is  hemorrhage  into  the  membranes  about 
the  medulla,  a  proved  lesion  depending  generally  on  laceration  of  the  cere- 
bellum (see  Meningeal  Hemorrhage).  The  retraction  of  the  head  must  be 
distinguished  from  mere  inability  to  support  the  head  due  to  weakness  of  the 
muscles.  I  have,  however,  known  such  inability  to  follow  the  retraction  in 
cases  in  which  the  symptom  dated  from  birth. 

Pathology. — The  pia  arachnoid  differs  from  most  other  membranes  that 
enclose  viscera,  in  its  separation  into  two  layers.  Nevertheless,  it  is  com- 
monly regarded  as  a  serous  membrane,  and  it  presents  some  analogies  to 
other  serous  membranes  in  its  pathological  liability,  but  also  wide  differ- 
ences from  them.  Like  the  pleura,  it  is  prone  to  spontaneous  inflammation, 
but  the  most  common  cause  of  primary  pleurisy,  exposure  to  cold,  seems  to 
have  little  influence  in  exciting  meningitis.  It  is  the  seat  of  specific  pro- 
cesses more  frequently  than  any  other  serous  membrane,  and  this,  together 
with  its  liability  to  suffer  in  states  of  blood  poisoning,  must  be  regarded  as 
its  chief  pathological  characteristic.  The  process  of  inflammation  also  pre- 
sents some  peculiarities  in  the  cerebral  membrane.  The  tendency  to  the 
formation  of  lymph  is  smaller,  and  of  pus  is  greater,  than  in  the  case  of 
the  pleura  or  the  pericardium.  Embolic  processes  may  play  a  part  in  the 
generation  of  some  forms  of  septicemic  inflammation,  but  it  is  probable 
thajt  the  circulation  of  the  septic  matter  in  the  blood,  not  necessarily  organ- 
isms, suffices  to  excite  in  the  membranes  the  inflammation  to  which  they  are 
prone.  The  origin  of  the  miliary  tubercles  of  the  meninges  is  a  problem 
that  belongs  to  general  pathology. 

The  acute  purulent  meningitis  that  occurs  in  children  and  adults,  as  an 
apparently  primary  affection,  seems  to  be  identical  with  the  sporadic  form  of 
cerebro-spinal  meningitis.  Although  spinal  symptoms,  beyond  some  retrac- 
tion of  the  head,  may  be  absent,  the  purulent  inflammation  extends,  in  most 
cases,  down  the  membranes  of  the  cord.  The  probable  pathology  of  these 
cases  is  considered  in  the  section  on  the  epidemic  form. 

The  relation  between  the  morbid  process  and  the  symptoms  that  reveal 

1 

*  Money  (loc.  cit.),  who  found  also  persistent  slight  pyrexia  in  one  case. 
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its  presence,  is  still,  in  part,  obscure.  The  affection  of  the  cranial  nerves 
is  usually  due  to  their  actual  inflammation,  indications  of  which  may  be 
found  in  the  interstitial  tissue,  and  in  the  degeneration  of  the  nerve  fibres. 
With  regard  to  the  character  of  the  symptoms,  we  are  doubtless  safe,  in 
recognizing,  with  the  older  writers,  the  early  stage  of  over-action,  as  the 
result  of  irritation  of  the  nerve  elements  by  the  inflammation  of  the  enclos- 
ing membranes.  In  some  cases  the  excitement  of  function,  general  so  far 
as  the  meningitic  influence  is  concerned,  seems  to  be  determined  in  its 
special  form  by  predisposition,  or  by  coincident  influences.  Hence  it  is  that 
in  specially  disposed  subjects  the  early  symptoms  may  present  characters 
definitely  hysterical  in  their  character.  But  the  process  of  irritation  seems 
sometimes  to  arrest  function  instead  of  exciting  its  activity.  In  the  early 
stage  of  meningitis  there  is  sometimes  complete  hemiplegia,  and  I  have  even 
known  the  inflammation  to  be  distinctly  slighter  over  the  hemisphere  the 
function  of  which  was  thus  arrested,  than  over  the  other.  We  can  only 
explain  such  an  arrest  of  function  as  the  result  of  irritative  inhibition.  For 
the  depression  of  function  in  the  later  stage  there  are  two  possible  mechan- 
isms :  first,  the  ventricular  effusion  and  compression  of  the  brain,  and  second, 
by  the  greater  damage  of  nerve  elements  that  have  been  previously  excited. 
The  fact  that  the  stage  of  depression  may  be  as  marked  when  there  is  no 
effusion  as  when  this  is  abundant,  makes  it  certain  that  the  effusion  cannot 
be  its  sole  cause.  We  have  no  guide  as  to  the  degree  in  which  we  are  to 
apportion  the  depression  to  these  two  mechanisms.  Most  authorities  follow 
the  older  pathologists  in  attributing  them  to  the  ventricular  effusion. 

It  is  commonly  held  that  the  inflammation,  in  tubercular  meningitis,  is 
secondary  in  time,  as  well  as  in  effect,  to  the  formation  of  miliary  tuber- 
cles in  the  membranes.  The  presence  of  tubercles  before  the  occurrence  of 
inflammation  is  generally  regarded  as  the  cause  of  the  prodromata.*  This 
is  probable,  in  spite  of  the  fact  that  tubercles  are  commonly  not  found  in 
the  membranes  in  cases  of  general  tuberculosis  without  meningitis.f  But  it 
is  certain  that  the  amount  of  inflammation  excited  by  meningeal  tubercle 
varies  very  much.  Hilton  Fagge  even  suggests  that  tubercles  in  the  mem- 
branes may  cause,  by  their  mere  presence,  symptoms  resembling  meningitis. 
They  may  certainly  often  be  found  in  parts  of  the  pia  mater  where  no  evi- 
dence of  inflammation  can  be  discovered. 

Considerable  paralysis  of  the  cranial  nerves  is  no  doubt  always  due  to  the 
affection  of  these  nerves  at  the  base  of  the  brain,  with  the  exception  of  palsy 
of  the  face  and  tongue,  which  may  be  considerable  in  degree  when  of  cor- 
tical origin.  Thus  I  have  seen  paralysis  of  all  parts  of  the  face  associated 
with  paralysis  of  the  limbs  on  the  same  side,  but  the  palsy  of  the  face 
involved  voluntary  and  not  emotional  movements,  conclusive  evidence  that 
it  was  not  due  to  an  affection  of  the  nerve.     Spasmodic  strabismus,  and 


*  Rilliet  and  Barchez,  Huguenin,  etc. 

f  Wilkes  and  Moxon,  "  Path.  Anat.,"  2d  ed.,  p.  210;  Hilton  Fagge,"  Prin.  and  Prac.  of 
Med.,"  1886,  vol.  i,  p.  583. 
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inequality  of  pupil,  may  also  probably  be  due  to  the  affection  of  the  cortex 
as  well  as  to  that  of  the  nerve  trunks.  Rigidity  of  muscles  is  the  result  of 
irritation,  either  of  the  cortex,  crus,  or  pons;  the  retraction  of  the  head  is 
due  to  inflammation  about  the  pons  and  medulla,  not,  as  is  often  said,  to 
the  ventricular  effusion.  Whether  any  symptoms,  in  the  ocular  muscles  or 
elsewhere,  are  due  to  inflammatory  irritation  of  the  corpora  quadrigemina, 
or  of  the  gray  matter  lining  the  third  ventricle,  is  uncertain. 

Diagnosis.— The  diagnosis  of  meningitis  rests  on  the  presence  of  such 
symptoms  as  indicate  organic  disease  at  the  surface  of  the  brain,  on  the 
development  of  these  in  an  acute  or  subacute,  but  not  sudden  manner,  and 
on  the  presence  of  the  general  symptoms  of  inflammation,  especially  pyrexia. 
Of  the  cerebral  symptoms,  those  of  local  character  are  the  most  conclusive, 
but  often  of  least  actual  diagnostic  importance,  since  they  occur  compara- 
tively late  in  the  course  of  the  affection,  and  although  it  is  now  and  then 
impossible  to  recognize  the  disease  until  they  appear,  they  more  often  serve 
to  confirm,  rather  than  to  establish,  the  diagnosis  which  has  been  already 
made  from  the  general  cerebral  and  other  symptoms.  These  general  cerebral 
symptoms  are  significant  rather  by  their  degree  and  combination  than  by 
their  mere  presence,  since  most  of  them  may  be  produced  by  processes  com- 
mencing outside  the  nervous  system.  The  significance  of  the  headache 
depends  on  its  intensity ;  of  the  delirium,  on  its  co-existence  with  headache ; 
of  vomiting,  on  its  causeless  character  and  persistence  ;  of  general  convul- 
sions on  their  association  with  the  other  symptoms  ;  of  infrequency  of  pulse 
on  its  combination  with  the  pyrexia  that  usually  accelerates  the  action  of  the 
heart.  It  is  in  the  early  stage,  when  these  general  symptoms  alone  exist, 
that  the  chief  diagnostic  errors  occur.  Of  the  local  symptoms  that  are  con- 
clusive, the  most  important  are  the  inequality  of  pupil ;  strabismus,  even  if 
transient ;  and  retraction  of  the  head.  The  ophthalmoscopic  changes  may 
also  decide  the  diagnosis,  chiefly  in  cases  in  which  they  occur  early,  or  local 
symptoms  develop  late.  In  some  obscure  cases  the  occurrence  of  retention 
or  incontinence  of  urine,  or  the  readiness  with  which  the  skin  blisters,  give 
sufficient  weight  to  other  symptoms  to  determine  the  diagnosis.  In  all  cases 
the  Protean  character  of  the  disease  should  be  remembered,  and  above  all 
the  fact  that  there  is  no  symptom  of  meningitis  that  is  not  sometimes  absent. 
Headache  is  the  most  constant,  rarely  wanting,  but  cases  have  been  known 
to  run  their  course  without  any  obtrusive  pain  ;  its  absence,  therefore,  does 
not  destroy  the  value  of  other  symptoms  that  are  of  significance,  and  there 
is  no  other  symptom  (not  excepting  pyrexia)  the  absence  of  which  is  of  much 
negative  value.  The  presence  or  history  of  a  possible  cause  of  meningitis  often 
assists  the  diagnosis  by  directing  attention  to  symptoms  that  might  other- 
wise be  unnoticed.  This  is  especially  the  case  with  injuries,  ear  disease, 
pyaemia,  and  phthisis.  At  the  same  time  adjacent  disease  sometimes  renders 
the  diagnosis  more  difficult  by  obscuring,  with  its  own  obtrusive  symptoms, 
those  of  its  effect. 

The  existence  of  meningitis  being  recognized,  the  diagnosis  of  its  seat 
depends  chiefly  on  the  character  of  the  symptoms — whether  they  are  such  as 
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to  indicate  disturbance  of  the  convexity  or  of  the  base.  The  differences 
that  depend  upon  locality  have  been  already  described.  Sometimes  the 
cause  of  the  meningitis  also  helps  the  diagnosis  of  locality,  since  adjacent 
disease  excites  inflammation  first  in  its  own  neighborhood. 

In  determining  the  nature  o'f  the  inflammation  we  are  guided  by  its  cause, 
its  associations,  its  seat,  the  age  of  the  patient,  and  the  relative  frequency  of 
the  several  forms.  Each  of  these  points  must  be  considered,  not  only  in 
itself,  but  in  relation  to  the  others.  The  apparent  cause  often  decides  the 
question — from  adjacent  caries  'and  in  pyaemia  the  inflammation  is  probably 
almost  certainly  purulent.  But  if  there  is  distant  suppuration  of  scrofulous 
origin  the  inflammation  may  be  either  tubercular  or  purulent,  and  the  former 
is  more  probable  unless  there  are  other  signs  of  septicaemia.  In  pneumonia 
or  acute  specific  diseases  the  inflammation  may  be  either  simple  or  purulent. 
If  there  are  signs  of  phthisis  or  a  tubercular  family  history,  and  no  other 
cause  can  be  detected,  the  meningitis  is  almost  certainly  tubercular.  The 
discovery  of  tubercles  of  the  choroid  renders  the  nature  of  the  inflammation 
certain.  A  boy,  aged  five,  was  seized  with  acute  pain  in  the  head  on  the 
twentieth  day  of  typhoid  fever  (with  characteristic  eruption)  ;  this  was  fol- 
lowed by  coma,  inequality  of  pupil,  deviation  of  head  and  eyes  to  the  left, 
rigidity  of  the  left  limbs  and  half-purposive  movements  of  the  right.  I  saw 
him  on  the  fifth  day  after  the  onset  of  these  symptoms,  and  found  optic 
neuritis  in  the  right  eye  only,  with  tubercles  in  each  choroid — a  proof  that 
the  inflammation  was  tubercular,  complicating  the  fever  and  not  due  to  it. 
If  the  inflammation  is  at  the  base  of  the  brain,  and  no  cause  is  discoverable, 
the  probability  that  it  is  tubercular  is  very  great.  If  the  inflammation  is  at 
the  convexity  the  probability  of  its  tubercular  nature  is  considerable  in 
■  childhood  and  youth,  but  in  adult  life  such  inflammation  is  probably  not 
tubercular.  Under  twenty  years  of  age  there  is  a  presumption,  in  the  absence 
of  other  causal  indications,  that  any  meningitis  is  of  tubercular  origin,  but 
over  forty  there  is  a  presumption  against  this,  which  increases  in  weight  as 
life  advances.  The  special  diagnosis  of  ventricular  meningitis  is  practically 
impossible  during  life. 

Differential  Diagnosis. — Meningitis  may  be  confounded  with  general  dis- 
eases and  with  other  diseases  of  the  nervous  system.  These  errors  occur 
chiefly  with  tubercular  meningitis,  because  most  other  forms  have  an 
association  with  some  cause  which  prevents  a  mistake,  or  else  produce  symp- 
toms so  acute  and  characteristic  that  there  is  neither  time  nor  room  for 
error.  The  following  remarks  on  the  differential  diagnosis  apply,  however, 
also  to  the  rare  simple  basal  meningitis,  which,  during  life,  cannot  be  dis- 
tinguished with  certainty  from  the  tubercular  form. 

The  error  of  mistaking  an  acute  general  disease  for  meningitis  is  more 
common  than  the  opposite  error.  Typhoid  fever  and  catarrhal  febricula 
are  the  diseases  with  regard  to  which  a  mistake  is  most  common,  the  former 
in  older  children  and  adults,  the  latter  in  young  children.  The  error  always 
arises  from  ascribing  initial  headache  and  subsequent  delirium  to  cerebral 
disease  in  the  presence  of  sufficient  pyrexia  to  account  for  the  symptoms, 
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and  from  disregarding  the  relation  between  the  two.  When  they  are  the 
result  of  pyrexia,  as  Sir  William  Jenner  long  ago  pointed  out,  the  headache 
ceases  when  the  delirium  begins.  In  meningitis  the  headache  continues,  and 
coexists  with  the  delirium.  In  children,  convulsions  may  occur  at  the  onset 
of  the  general  disease.  In  all  cases,  therefore)  in  which  there  is  first  head- 
ache and  then  delirium,  and  in  which  there  is  pyrexia  sufficient  to  account 
for  both,  the  presumption  is  strongly  against  meningitis;  this  should  only  be 
suspected  when  local  cerebral  symptoms  appear,  or  if  there  be  general  cere- 
bral symptoms,  such  as  optic  neuritis,  that  do  not  occur  during  general 
diseases.  The  difficulty  of  the  diagnosis  between  typhoid  fever  and  tuber- 
cular meningitis  is  increased  by  the  fact  that  the  former  is  sometimes 
attended  by  constipation,  and  the  latter  by  diarrhoea  due  to  tubercular 
ulceration  of  the  bowels,  or  by  general  abdominal  tenderness  from  the 
formation  of  tubercles  in  the  peritoneum.  It  is  sometimes  necessary  to 
wait  and  watch  the  course  of  the  symptoms  before  a  confident  opinion  can 
be  formed.  As  a  rule,  the  pyrexia  runs  a  more  regular  course  in  typhoid, 
and  the  pulse  is  more  frequent  and  is  seldom  irregular.  The  optic  neuritis 
that  is  occasionally  associated  with  acute  specific  diseases  does  not  ac- 
company but  succeeds  these.  It  should  be  remembered  that  convulsions 
which  are  partial  and  begin  locally,  are  local  and  not  general  cerebral 
symptoms.  Avoidable  error  arises  in  most  cases  from  the  judgment  being 
warped  by  the  initial  headache,  and  the  practitioner  omits  to  keep  a  look- 
out for  other  symptoms  outside  the  nervous  system.  In  consequence  of  this, 
gross  mistakes  are  sometimes  made.  I  have  even  known  simple  pneumonia 
to  be  mistaken  for  meningitis. 

Retraction  of  the  head,  resembling  that  which  occurs  in  meningitis,  is 
sometimes  the  result  of  simple  rheumatism  of  the  muscles  at  the  back  of  the 
neck.  Legroux  asserts  that  in  such  cases  there  may  be  considerable  fever,* 
but  distinct  cerebral  symptoms  are,  of  course,  absent,  and  the  muscles  are 
said  to  be  more  painful  than  in  meningitis.  Such  muscular  rigidity  is  said 
to  be  also  produced,  in  some  cases,  by  peripheral  irritation,  and  tender 
cervical  glands,  and  abdominal  disturbance,  f 

Among  diseases  of  the  nervous  system,  one  that  sometimes  gives  rise  to 
considerable  difficulty  in  diagnosis  is  intracranial  tumor.  A  rapidly  growing 
tumor,  especially  one  that  at  first  interferes  little  with  function,  may  cause 
symptoms  which  develop  so  rapidly  as  to  be  easily  mistaken  for  those  of 
meningitis.  This  is  the  case  sometimes  with  tubercular  tumors,  and  with 
glioma  of  the  pons,  which  may  run  an  almost  latent  course  until  they  have 
reached  a  considerable  degree  of  intensity.  The  symptoms  in  the  limbs 
often  assist  the  diagnosis,  since  the  loss  of  power  is  more  often  an  early 
symptom  in  tumor  than  in  meningitis,  and  it  comes  on  gradually  in  the 
former,  whereas  early  paralysis  of  the  limbs  in  meningitis  usually  comes  on 
suddenly,  from  irritative  inhibition.     The  ophthalmoscopic  appearances  are 

*  Legroux,  "  l'Encephale,"  1885,  No.  1. 

f  Money,  "Treatment  of  Disease  in  Children,"  1887,  p.  457. 
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of  great  importance.  A  slight  degree  of  neuritis  may  be  due  to  either 
tumor  or  meningitis,  but  an  intense  neuritis,  with  considerable  swelling  and 
hemorrhages,  is  practically  conclusive  of  tumor.  The  neuritis  of  a  rapidly 
growing  tumor  is  usually  intense,  and  when  the  appearances  are  slight  at 
first,  if  the  disc  be  watched  for  a  few  days,  the  course  of  the  neuritis  often 
decides  the  diagnosis.  It  must  be  remembered  that  from  the  absence  of 
neuritis  no  conclusion  can  be  drawn.  In  many  cases,  however,  the  ques- 
tion can  be  only  decided  from  the  course  of  the  disease.  If,  after  the  first 
two  weeks  from  the  commencement,  the  symptoms  continue,  slowly 
increasing,  and  the  patient  does  not  become  comatose,  the  diagnosis  of 
tumor  is  almost  certain.  It  must  not  be  forgotten  that  meningitis  often 
co-exists  with  tumor,  by  which  it  is  excited,  but  the  symptoms  of  tumor  in 
these  cases  have  usually  preceded  those  of  meningitis,  and  continue  un- 
changed when  the  latter  have  passed  away  or  lessened.  The  chief  difficulty 
in  this  respect  is  met  with  in  the  case  of  tubercular  tumors  co-existing  with 
tubercular  meningitis,  but  the  difficulty  is  rather  in  the  recognition  of  the 
tumor  than  in  that  of  the  meningitis. 

In  some  cases  of  meningeal  hemorrhage  the  symptoms  have  an  acute,  not 
sudden,  onset,  and  may  closely  resemble  those  of  inflammation  over  the 
convexity;  headache  and  delirium  are  conspicuous;  and  both  diseases  may 
follow  an  injury.  This  form  of  meningeal  hemorrhage  is,  however,  very 
rare.  The  most  important  criterion  is  the  absence  of  fever  and  the  rapidity 
of  course,  since  traumatic  meningitis  rarely  runs  a  very  acute  course. 

A  considerable  difficulty  in  diagnosis  is  presented  by  some  cases  of  disease 
of  the  ear,  in  which  symptoms  resembling  meningitis  occur  and  may  prove 
fatal,  although  after  death  only  thrombosis  in  a  sinus  can  be  discovered,  and 
sometimes  even  that  is  absent.  The  central  symptoms  are  for  the  most  part 
general,  and  may  be  in  part  due  to  pyaemia,  but  strabismus  has  been 
observed,  and  the  difficulty  in  diagnosis  is  increased  by  the  fact  that  optic 
neuritis  may  occur  and  may  even  reach  a  considerable  degree.  It  is  doubt- 
ful whether  in  these  cases  a  positive  diagnosis  is  always  possible. 

The  same  difficulty  presents  itself  in  another  form  in  cases  of  acute  double 
otitis  in  children,  which  may  be  attended  with  intense  pain  in  the  head, 
vomiting,  fever,  delirium,  giddiness,  convulsions,  and  deafness.  Probably 
in  many  instances  the  labyrinth  is  chiefly  affected.  An  instance  of  this 
disease  coming  on  at  the  age  of  two  and  a  half  is  described  by  Politzer  f 
the  aural  lesion  was  found  after  death  at  a  later  period.  Such  cases  are 
often  thought  to  be  meningitis  ;f  but  it  is  probable  that  inflammation  of  the 
membrane  never  damages  gravely  the  auditory  nerves  without  the  adjacent 
facial  nerves. J     The  general  cerebral  symptoms  alone  scarcely  warrant  the 

*  Politzer,  "  Diseases  of  the  Ear,"  CasselPs  translation,  1883,  p.  714. 

f  The  facility  with  which  this  mistake  may  be  made  was  pointed  out  by  Votolini 
(Monatsckr.  f.  Ohrenheilk.,  1870,  Nos.  7  and  8)  and  Reichel  (Berl.  kl.  Wochenschr.,  1870, 
Nos.  24  and  25). 

J  It  has  been  assumed  that  the  auditory  nerves  may  be  so  damaged  at  the  base  as  to  cause 
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diagnosis  of  secondary  meningitis  excited  by  the  inflammation  of  the  ears. 
It  is  probable,  moreover,  that  in  some  of  these  cases  there  is  optic  neuritis. 
Most  practitioners  have  met  with  cases  in  which  complete  deafness  and 
blindness  came  on  in  childhood  with  such  acute  cerebral  symptoms,  and  in 
whom  the  ophthalmoscope  reveals  the  form  of  optic  nerve  atrophy  that  suc- 
ceeds inflammation.  A  series  of  such  cases  has  been  recorded  by  Mr. 
Hutchinson.*  If  optic  neuritis  may  be  produced  by  otitis,  it  is  possible 
that  these  cases  may  be  thus  explained  without  the  assumption  of  meningitis. 
In  any  case  they  present  a  very  difficult  diagnostic  problem,  and  the  diffi- 
culty is  increased  by  the  fact  that  the  internal  ear  may  be  inflamed  second- 
arily to  meningitis.  Such  secondary  otitis  has  been  observed  in  cerebro- 
spinal meningitis,  but  it  is  very  rare.f 

The  condition  of  depressed  cerebral  function  that  was  termed  by  Marshall 
Hall  hydrocephaloid,  and  is  apparently  due  to  anaemia  of  the  brain,  may  be 
confounded  with  tubercular  meningitis.  In  this  condition,  which  is  almost 
confined  to  young  children,  there  is  somnolence  and  coma,  with  depressed 
fontanelle,  and  local  symptoms  are  absent.  It  is  said,  indeed,  that  rigidity 
of  the  neck  and  strabismus  have  been  observed,  but  there  is  some  doubt  as 
to  the  real  nature  of  cases  that  present  such  symptoms.  The  cases  are  dis- 
tinguished from  meningitis  by  the  depression  of  the  fontanelle,  and  espe- 
cially by  the  occurrence  of  the  symptoms  in  the  profound  exhaustion  that 
results  from  diarrhoea  or  loss  of  blood. 

Of  the  general  diseases  of  the  nervous  system  there  is  only  one  that  is 
liable  to  be  confounded  with  meningitis,  and  especially  with  tubercular 
meningitis — hysteria.  This  error  is  by  no  means  rare,  but  occurs  only  in 
the  cases  in  later  childhood  and  youth,  and  especially  in  the  female  sex. 
Meningitis,  especially  tubercular,  is  far  more  frequently  mistaken  for  hys- 
teria than  hysteria  for  meningitis.  The  former  error  is  very  common  ;  it  is 
usually  due  to  the  fact  that  when  there  exists  the  state  of  nervous  system  that 
underlies  hysteria,  pronounced  hysterical  symptoms  are  often  developed 
during  the  early  stage  of  tubercular  meningitis.  The  case  is  diagnosed  as 
one  of  hysteria,  and  when  other  symptoms  develop,  they  are  disregarded, 
under  the  influence  of  the  preconceived  idea.  Even  when  no  hysterical 
symptoms  attend  the  attack,  if  such  have  occurred  in  the  previous  history  of 
the  individual  (as  is  often  the  case  in  tubercular  girls),  the  assumption  that 
the  cerebral  symptoms  are  due  to  hysteria  is  often  made  when  there  is  not 
the  slightest  justification  for  it.  Indeed,  in  not  a  few  instances  the  fact  that 
a  girl  is  the  subject  of  vague  general  cerebral  symptoms  is  allowed  to  deter- 
mine the  diagnosis.     The  only  way  in  which  error  can  be  avoided  is  to 

complete  deafness,  without  any  paralysis  of  the  facial.  This  assumption  rests  on  no  evidence, 
and  is  most  improbable,  although,  no  doubt,  as  already  stated,  the  auditory  nerves  may  suffer 
somewhat  more  readily  than  the  facial  in  slight  inflammation  of  the  membranes. 

*  Ophth.  Hosp.  Rep.,  1866. 

■f  Lucae,  Arch.  f.  Ohrenkeilk.,  Bd.  5,  1870,  p.  188.  It  is  so  rare,  and  so  remarkable  in 
its  bilateral  character,  as  to  be  open  to  the  doubt  whether  the  otitis  may  not  be  a  coincident 
effect  of  the  blood  state. 
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search  and  watch  for  symptoms  of  organic  origin  and  allow  these  the  same 
weight  as  in  a  case  in  which  there  are  no  hysterical  symptoms,  or  as  in  a 
patient  in  whom  hysteria  would  not  be  expected.  Pyrexia  is  of  especial 
diagnostic  value  in  these  cases,  and  so  also  are  convulsions  beginning  locally, 
and  the  ophthalmic  symptoms.  Strabismus  in  hysteria  is  always  convergent 
and  attended  by  spasmodic  contraction  of  the  pupils.  Divergent  strabismus, 
or  inequality  of  pupil,  is  certain  evidence  of  organic  disease,  and  as  much  so 
if  it  is  transient  as  if  it  is  permanent.  Retention  of  urine  may  be  due  to 
hysteria,  but  incontinence  never  is.  The  significance  of  a  tendency  for  the 
skin  to  blister  has  been  mentioned ;  signs  of  trophic  lesions  of  the  skin 
should  be  carefully  looked  for  in  every  doubtful  case.* 

An  illustration  of  the  difficulty  that  sometimes  attends  the  diagnosis,  and 
of  the  significance  of  pyrexia,  was  afforded  by  the  case  of  a  servant,  aged 
twenty-two,  who  had  had  a  child  three  years  previously,  and  had  suffered 
from  some  headache  for  six  weeks.  On  account  of  slight  indisposition,  her 
mistress  suspected  another  pregnancy,  and,  without  telling  the  girl,  sent  for 
a  medical  man  to  see  her.  Tne  girl  was  intensely  annoyed,  and  refused  to 
answer  any  questions.  She  went  up  to  her  room  and  fell,  bruising  her  face. 
All  the  rest  of  the  day  she  was  dull  and  lethargic,  occasionally,  however, 
throwing  her  arms  about,  screaming,  and  complaining  of  pain  in  her  head. 
The  symptoms  were  ascribed  to  hysteria,  but  as  she  was  no  better  next  day 
she  was  brought  to  University  College  Hospital,  and  admitted.  Her  tem- 
perature was  found  to  be  ioi°,  and  the  bladder  full,  so  that  the  catheter 
was  used.  For  some  days  she  continued  dull  in  aspect  and  manner,  some- 
times answering  when  spoken  to,  sometimes  not.  She  complained  of  pain 
in  the  head  and  abdomen.  One  day  she  was  childish,  playing  with  a  doll. 
The  temperature,  however,  continued  raised,  varying  from  102°  to  99°. 
On  the  seventh  day  she  became  semi-comatose,  and  passed  urine  into  the 
bed.  On  the  ninth  day,  she  rather  suddenly  became  dusky,  with  irregular 
breathing,  and  mucus  in  the  chest.  Death  from  respiratory  failure  being 
manifestly  imminent,  artificial  respiration  was  employed,  and  by  this, 
faradaism  to  the  chest  wall  from  time  to  time,  and  food  through  a  long 
catheter,  she  was  kept  alive  for  twenty-four  hours,  and  died  on  the  eighth 
day  from  the  onset.  Throughout  there  had  been  no  symptoms  in  the  limbs 
or  cranial  nerves.  The  post-mortem  examination  revealed  general  tubercu- 
losis of  lungs,  peritoneum  and  intestine,  some  small  masses  of  yellow  tuber- 
cle in  the  cerebral  hemispheres,  and  meningitis  of  the  base,  the  lymph  being 
specially  abundant  about  the  pons  and  medulla,  with  opaque  tubercular 
granulations. 

The  converse  error,  in  which  hysterical  symptoms  are  regarded  as  men- 
ingitis, is  far  less  common.  The  mistake  is  sometimes  made  in  cases  of 
hysterical  sopor  with  the  strong  convergent  strabismus,  but  the  distinct 
spasmodic  character  of  the  latter  is  usually  distinctive,  and  there  is,  as  a  a  rule, 

*  It  should  be  remembered  that  these  trophic  disturbances  are  often  not  mentioned,  or  are 
even  denied,  by  nurses,  who  fear  that  the  sores  may  be  ascribed  to  carelessness. 
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no  alteration  of  temperature.  The  last  point  is  also  of  diagnostic  import- 
ance in  the  curious  state  of  trance-like  sleep  that  sometimes  comes  on  in 
states  of  brain  exhaustion,  usually  in  hysterical  subjects,  but  in  lads  as  well 
as  girls.  When  this  succeeds  severe  headache,  as  it  often  does,  the  difficulty 
of  diagnosis  may  be  great.  But  it  should  be  remembered  that  it  is  rare  for 
coma  to  come  on  early  in  the  course  of  the  symptoms,  and  that  the  absence 
of  associated  and-  conclusive  symptoms  is  also  rare  in  the  stage  of  coma.  In 
the  case  of  meningitis  in  which  contracture  involves  the  muscles  of  mastica- 
tion, the  disease  may  be  mistaken  for  commencing  tetanus.  A  short  time, 
however,  suffices  to  dispel  the  error,  since  meningitic  trismus  soon  passes 
away. 

Prognosis.— In  every  form  of  meningitis  the  prognosis  is  grave ;  it  is 
least  serious  in  the  traumatic  form,  and  in  simple  meningitis  from  adjacent 
disease,  and  it  is  most  grave  in  the  purulent  form,  recovery  from  which  is 
practically  unknown.  Nevertheless  I  have  twice  known  recovery  from  dis- 
tinct symptoms  of  meningitis  in  post-puerperal  septicaemia.  In  any  form,  if 
the  stage  of  coma  has  been  reached,  death  is  all  but  certain.*  In  tubercular 
meningitis  there  is  very  little  hope,  in  any  stage,  that  the  patient  will  recover. 
But  the  patient  has  some  small  chance  of  recovery  in  simple  meningitis,  and 
perhaps  (although  still  lighter)  in  tubercular  meningitis ;  and,  moreover,  the 
very  important  fact  must  be  borne  in  mind  that  the  diagnosis  between  the 
two,  and  between  these  and  meningitis  secondary  to  obscure  adjacent  disease, 
is  a  matter  of  probability  only,  however  high  the  probability  may  be.  Hence 
it  is  not  right,  in  any  case,  to  assert  the  certainty  of  a  fatal  issue. 

As  an  illustration  of  this  I  may  mention  the  case  of  a  boy,  five  and  a  half 
years  old,  with  tubercular  family  history,  who,  after  five  days  of  vague  gen- 
eral indisposition,  became  feverish,  with  severe  headache  and  double  vision. 
He  soon  became  so  weak  as  to  be  unable  to  walk.  I  saw  him  after  the  cere- 
bral symptoms  had  lasted  for  five  days.  The  child  appeared  very  ill ;  the 
temperature  was  ioi°  ;  the  tongue  was  covered  with  a  thick  white  fur,  both 
sixth  nerves  were  paralyzed,  and  there  was  weakness  of  the  left  side  of  the 
face.  There  was  no  history  of  injury  or  discharge  from  the  ear.  The  case 
was  certainly  one  of  meningitis,  and  it  seemed  highly  probable  that  it  was 
tubercular.  Two  days  later,  however,  there  was  a  sudden  and  copious  dis- 
charge of  pus  from  one  ear,  the  cerebral  symptoms  rapidly  disappeared,  and 
the  boy  recovered  perfectly. 

In  all  cases  the  most  material  prognostic  indication  is  afforded  by  the 
course  of  the  disease.  The  less  acute  the  attack,  the  more  chance  of  recov- 
ery the  patient  has.  If,  at  the  end  of  the  third  week  from  the  onset,  the 
patient  has  not  passed  into  a  state  of  coma,  there  is  an  appreciable  diminu- 


*  A  case  of  recovery  from  an  illness  resembling  tubercular  meningitis,  in  which  the  stage 
of  coma  was  reached,  and  the  child  seemed  for  clays  to  be  on  the  point  of  death,  is  recorded 
by  West  ("  Diseases  of  Infancy  and  Childhood,"  7th  ed.,  p.  96).  It  is  said,  however,  that 
the  child  became  blind  and  afterwards  recovered  her  sight,  a  feature  which  does  not  suggest 
tubercular  meningitis. 
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tion  in  the  probability  of  death.     The  chance  that  death  may  be  escaped  is 
least  of  all  when  the  coma  comes  on  before  the  first  week  is  over. 

Treatment. — If  the  meningitis  is  due  to  adjacent  disease,  the  treatment 
of  this  is  of  the  first  importance.  If  none  is  obtrusive  the  ears  should  be 
carefully  examined,  since,  as  the  case  just  mentioned  shows,  suppuration  in 
the  middle  ear  may  excite  meningitis  even  though  no  discharge  has  previ- 
ously been  noticed.  A  free  exit  should  always  be  made  for  any  collection 
of  pus  in  the  neighborhood  of  the  skull,  and  if  there  are  any  indications  of 
the  presence  of  pus  in  the  tympanic  cavity,  the  membrane  should  be  incised. 
If  no  such  cause  can  be  discovered,  the  treatment  must  be  directed  to  the 
diminution  of  the  local  inflammation  and  the  counteraction  of  the  general 
state  on  which  it  depends.  Neither  the  seat  nor  the  form  of  inflammation 
has  much  influence  on  the  treatment.  This  has  to  be  conducted  in  each 
case  on  the  same  general  principles  ;  variations  being  determined  by  indi- 
vidual differences  much  more  than  by  pathological  nature. 

In  no  disease  is  perfect  tranquillity  of  greater  importance.  The  patient 
should  be  disturbed  as  little  as  possible,  kept  free  from  all  excitement  and 
all  mental  exertion  ;  the  room  should  be  darkened  if  there  be  any  intoler- 
ance of  light,  and  in  all  cases  it  should  be  kept  as  quiet  as  possible.  But 
mental  depression  should  be  avoided  only  less  carefully  than  mental  excite- 
ment. Sleep  should-be  encouraged,  and  the  patient  aroused  only  for  the 
purpose  of  feeding.  Light  nutritious  food  should  be  given  every  three  or 
four  hours,  and  if  the  patient  cannot  be  made  to  swallow,  nutrient  enemata 
should  be  administered.  Stimulants  are  best  withheld  unless  the  state  of  the 
pulse  urgently  calls  for  them.  The  head  should  be  high,  but  the  shoulders 
also  raised  to  avoid  flexion  of  the  neck,  and  mechanical  hindrance  to  the 
return  of  the  blood  from  the  head. 

Abstraction  of  blood,  while  undoubtedly  in  many  cases  a  powerful  agent 
in  lessening  local  inflammation,  is  rarely  desirable  in  meningitis.  Excep- 
tions to  this  rule  are  the  forms  that  follow  injury,  exposure  to  the  sun,  or 
excessive  mental  excitement,  and  meningitis  for  which  no  probable  cause 
can  be  traced.  In  these,  if  the  patient  be  strong  and  full-blooded,  leeches 
may  be  applied  behind  the  ears  or  to  the  temples  in  the  early  stage  of  the 
disease.  During  the  late  period  abstraction  of  blood  can  do  only  harm. 
In  strong  children  leeching  has  also  been  recommended,  but  the  cases  are 
few  in  which  this  is  desirable.  Most  cases  occur  in  weakly,  anaemic  individu- 
als in  whom  loss  of  blood  reduces  the  strength  of  the  inflammation  less 
than  it  does  the  strength  of  the  patient.  Attempts  may  be  made  to  keep 
the  blood  away  from  the  head  by  warmth  and  mustard  to  the  extremities, 
and  by  cold  to  the  head.  The  hair  should  be  cut  short  or  the  head  shaved. 
The  application  of  cold  should  be  continuous,  either  by  an  ice  bag  (half 
filled,  and  containing  no  air,  so  that  it  may  adjust  itself  to  the  head),  or  by 
a  cap  made  of  metal  tubing,  wound  in  a  spiral,  through  which  water  may  flow 
from  a  vessel  above  the  level  of  the  head  to  one  on  the  floor.*     This  is  a 

*  Such  caps  can  be  obtained  from  Krohne  and  Sesemann,  Duke  Street,  Manchester 
Square. 
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very  convenient  mode  of  applying  cold,  as  effective  as  ice,  and  available 
when  ice  cannot  be  obtained. 

Counter-irritation  to  the  occiput  is  also  sometimes  distinctly  useful.  Mus- 
tard may  be  employed,  but  a  blister  is  more  effective.  There  is  a  natural 
reluctance  to  add  the  pain  of  a  blister  to  the  sufferings  of  the  patient,  but  a 
blister  certainly  often  lessens  the  intensity  of  the  symptoms,  and  it  is  prob- 
able that  the  total  amount  of  pain  endured  is  at  least  not  increased  thereby. 
Counter-irritation  over  the  whole  scalp,  by  blister  or  irritating  ointment, 
has  sometimes  been  recommended,  but  it  interferes  with  the  application  of 
cold,  and  it  is  doubtful  whether  its  influence  is  such  as  to  counterbalance  this 
disadvantage. 

Vomiting  is  best  allayed  by  ice,  and  by  two  mustard  plasters  applied  to 
the  head  and  given  by  the  mouth ;  one  to  the  back  of  the  neck,  and  the 
other  to  the  epigastrium.  The  bowels  should  be  opened  with  a  freedom 
which  must  depend  on  the  strength  of  the  patient.  Constipation  is  often 
difficult  to  overcome,  but  it  is  injurious,  while  purgation  is  one  of  the  most 
effective  derivatives. 

Internal  remedies  must  vary  with  the  state  of  the  patient.  In  all  cases 
with  elevation  of  temperature  a  diuretic  is  safe  and  often  useful.  Digi- 
talis in  small  doses  may  be  given  if  the  pulse  is  irregular  or  unduly  frequent 
in  the  early  stage.  When  the  patient  was  previously  anaemic  and  the  tem- 
perature is  not  very  high,  iron  may  be  given  in  some  non-irritating  form, 
such  as  dialyzed  iron,  or  the  citrate  of  iron  and  quinine,  but  the  bowels 
must  be  carefully  kept  open. 

Various  drugs  have  been  given  with  a  view  of  influencing  directly 
the  process  of  inflammation,  and  each  has  been  in  turn  extolled.  It  is 
needless  to  say  that  mercury  has  had  the  greatest  number  of  advocates, 
and  there  is  strong  evidence  that  it  occasionally  does  good,  at  any 
rate  in  simple  meningitis.  Of  its  value  in  tubercular  meningitis  there 
is  more  room  for  doubt.  It  is  easy  to  deny,  and  impossible  to  prove, 
that  cases  which  run  a  favorable  course  are  tubercular ;  but  for  prac- 
tical purposes  there  is  the  correlative  fact  that  it  is  also  rarely  possible  to  be 
certain  that  any  case  under  treatment  is  not  simple.  If  mercury  is  employed 
it  should  be  promptly  used.  The  patient  should  be  brought  slightly  but 
distinctly  under  its  influence,  so  as  just  to  "  touch  the  gums,"  as  the  phrase 
is,  as  quickly  as  may  be.  Inunction  is  by  far  the  best  method  of  effecting 
this.  A  little  mercurial  ointment  should  be  rubbed  into  the  armpits  and 
groins  every  four  hours,  until  the  effect  is  produced.  Iodide  of  potassium 
is  another  remedy  that  has  been  much  used,  but  the  evidence  of  its  value  is 
slighter  than  is  that  of  mercury.  It  may  be,  however,  conveniently  com- 
bined with  a  tonic  in  cases  with  much  debility,  or  after  the  effect  of  mer- 
cury has  been  produced. 

When  the  temperature  is  very  high,  cold  baths  have  been  employed  with 
some  apparent  temporary  advantage,  but  the  almost  invariably  fatal  issue  has 
not  been  retarded  by  the  reduction  of  temperature.  The  same  may  be  said 
of  salicin  and  quinine  given  for  the  same  purpose. 
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In  cases  of  septicemic  meningitis,  what  slender  chance  of  benefit  there 
may  be  is  most  likely  to  be  by  the  free  administration  of  perchloride  of  iron, 
a  drug  which,  more  than  any  other,  has  seemed  to  me  to  have  the  power  of 
saving  life  in  septicaemia.  This  treatment  was  adopted  in  each  of  the  cases 
of  apparently  septicaemic  meningitis  which  recovered.  In  one  case  there 
was  severe  headache  and  delirium,  rigidity  of  the  limbs  on  one  side,  and  a 
temperature  of  105. 5.  ° 

The  treatment  of  acute  ventricular  meningitis  does  not  differ  from  that 
of  extra-cerebral  meningitis,  a  fortunate  circumstance,  since  the  recognition 
of  its  limitation  is  not  practicable  during  life. 


EPIDEMIC   CEREBRO-SPINAL  MENINGITIS. 

( CEREBRO-SPINAL   FEVER.) 

Acute  meningitis  sometimes  occurs  in  epidemic  form,  many  patients  being 
attacked  in  a  certain  district  in  the  course  of  a  few  months.  The  spinal 
membranes  are  affected  as  well  as  those  within  the  skull,  and  hence  the  name 
by  which  the  disease  is  known  ;  but,  as  we  have  seen,  other  forms  of  inflam- 
mation may  not  be  limited  to  the  cerebral  membranes.  There  is  usually 
considerable  fever,  and  often  an  eruption  appears  in  the  skin.  Sporadic 
cases  occur,  closely  resembling  those  of  the  epidemic  form,  and  probably 
identical  in  nature. 

The  disease  has  been  met  with  during  the  present  century  in  various  parts 
of  Europe  and  in  the  United  States.  In  certain  countries,  as  Sweden  and 
Germany,*  it  has  been  especially  prevalent.  In  Sweden  alone,  4000  per- 
sons are  said  to  have  died  from  the  disease  between  1854  and  i860.  A  very 
severe  epidemic  occurred  in  France  in  1837.  In  Great  Britain,  the  chief 
epidemics  have  occurred  in  Ireland,  especially  in  1846  and  1868  ;  in  Eng- 
land only  slight  outbreaks  have  been  recorded,  while  in  Scotland  one  small 
group  of  cases  has  been  met  with.")"  It  has  been  doubted  whether  the  isolated 
cases  of  acute  severe  and  primary  meningitis  ought  to  be  classed  with  the 
epidemic  form,  but  they  are  not  separable  by  any  clinical  or  pathological 
features,  and  they  have  a  distinct  tendency  to  be  multiple,  which  seems  to 
associate  them  clearly  with  the  epidemic  form.  Thus  in  the  spring  of  1887 
four  cases  were  admitted  to  University  College  Hospital,  and  two  others 
came  under  my  notice  in  other  parts  of  London.  Three  of  the  cases 
occurred  in  the  same  street ;  and  two  others,  though  quite  separate,  devel- 
oped within  a  quarter  of  a  mile  of  each  other. 

Causes. — No  age  is  exempt,  but  young  persons  under  twenty  suffer  much 
more  frequently  than  others,  and  in  some  epidemics  children  have  been 
almost  exclusively  affected.     Males  are  said  to  be  attacked  more  frequently 

*  It  is  curious  that  in  1862  Hirsch  wrote,  "  As  far  as  I  know,  Germany  has  been  entirely 
spared,  with  one  small  exception,''  and  that,  according  to  Ziemssen,  since  the  first  distinct 
outbreak,  in  1863,  hardly  six  months  have  passed  without  an  epidemic  in  some  part  of 
Germany.  f  Frew,  Glasgow  Med.  Journal,  1884. 
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than  females.*  As  it  is  a  disease  chiefly  of  temperate  and  cold  countries,  so  it 
has  prevailed  chiefly  in  winter  and  spring,  very  seldom  in  autumn  and  never 
in  summer.  No  relation  has  been  traced,  as  a  rule,  to  local  endemic  influ- 
ences, although  some  observers  who  have  watched  epidemics  have  thought 
that  the  incidence  of  the  disease  suggested  some  malarial  or  miasmatic 
influence.  But  it  has  broken  out  simultaneously  in  places  far  apart,  and  has 
even  been  prevalent  at  the  same  time  in  Europe  and  America.  Personal 
ill  health  seems  to  have  but  little  predisposing  influence,  but  insanitary  con- 
ditions and  overcrowding  apparently  favor  its  occurrence.  The  relation  to 
season  has  been  explained  by  the  overcrowding  in  the  houses  of  the  poor  dur- 
ing cold  weather. f  In  one  epidemic  in  France  the  only  persons  attacked  were 
soldiers  crowded  together  in  barracks ;  another  in  Ireland  fell  exclusively 
on  the  inmates  of  workhouses.  Nevertheless,  contagion  seems  to  play  a  very 
small  part  in  the  production  of  the  malady.  The  attendants  on  the  sick 
scarcely  ever  surfer.  In  an  epidemic  of  thirty  cases  recently  in  Cologne  no 
two  cases  came  from  the  same  house. J  Nevertheless,  instances  have  been 
observed  in  which  an  influence  exciting  the  disease  seemed  to  be  conveyed 
by  a  third  person.  A  series  of  such  facts  has  been  collected  by  Hirsch,  and 
Frew  believed  that  he  traced  such  a  connection  between  the  cases  in  the 
small  Scotch  outbreak.  But  in  the  vast  majority  of  instances  no  evidence 
of  contagion  can  be  traced.  Although  even  very  young  children  are  prone 
to  suffer,  a  woman  who  had  a  mild  attack,  in  the  course  of  an  epidemic, 
suckled  her  child  throughout  her  three  weeks'  illness  and  the  child  remained 
perfectly  well.§  It  is  said  that,  in  Ireland,  each  epidemic  coincided  with  an 
outbreak  of  a  similar  malady  in  pigs  and  dogs.  ||  The  malady  does  not  seem 
to  confer  an  immunity  against  a  second  attack.  A  woman  died  from  the 
disease  during  one  epidemic  who  had  passed  through  a  similar  attack  five 
years  before.^ 

Symptoms.— The  manifestations  of  the  disease  are  in  part  those  of  the  local 
inflammation  from  which  it  takes  its  name ;  in  part  they  are  those  of  a  blood 
disease.  In  cases  of  moderate  severity,  malaise  and  discomfort  in  the  head 
may  precede  the  onset  for  a  few  hours  or  for  two  or  three  days,  seldom  for  a 
longer  time  than  one  or  two  weeks.**  Sometimes  there  is  vomiting,  or  slight 
stiffness  at  the  back  of  the  neck,  for  a  day  or  two  before  the  acute  symptoms 
come  on.  In  other  cases  the  onset  is  almost  sudden.  Vomiting  and  head- 
ache are  usually  the  first  pronounced  symptoms;'  their  commencement  may 


*  Of  255  fatal  cases  in  Stockholm,  149  were  boys,  106  girls. 

f  Medin,  Nord.  Med.  Ark.,  1880,  and  Deal.  med.  Wochenschr.,  1881,  Nos.  41,  42. 

%  Leichtenstern,  Deut.  med.  Wochenschr.,  1883,  No.  31. 

\  Rzadowski,  Virchow's  Jahresb.,  1879,  ii,  5. 

||  Fagge,  "  Principles  and  Prac.  of  Med.,"  i,  600,  on  the  authority  of  Ferguson,  Vet.  Off. 
to  the  Privy  Council  of  Ireland.  Epidemic  cerebro-spinal  meningitis  has  also  occurred  in 
horses;  an  outbreak  of  37  cases  was  observed  by  Ackermann  (  Virchow's  Jahresb.,  1880,  i, 
701). 

'Virchow's  Jahresb.,  i879,  ii,  5.         **  Sabarth,  Breslauer  Arzt.  Zeitsch.,  1879,  No.  18. 
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be  attended  by  a  rigor ;  sometimes  there  is  also  a  pain  in  the  back.  The 
headache  varies  in  its  initial  seat,  but  it  often  soon  becomes  general,  and  is 
always  severe  ;  it  is  constant,  but  there  are  from  time  to  time  intense  exacer- 
bations. Often  the  headache  is  accompanied  by  giddiness,  and,  as  in  other 
forms  of  meningitis,  by  intolerance  of  light  and  sound.  Delirium  in  many 
cases  is  quickly  added  to  the  headache ;  it  may  be  quiet  or  violent,  but  it 
soon  gives  place  to  somnolence  and  stupor,  from  which  the  paroxysms  of  vio- 
lent pain  at  times  may  rouse  the  patient.  Severe  pain  in  the  back  is  generally 
soon  added  to  the  pain  in  the  head ;  it  is  chiefly  in  the  neck  and  loins,  and 
often  referred  to  the  neighborhood  of  the  spine,  rather  than  to  the  vertebral 
column  itself.  Sometimes  it  is  severe  in  the  sacrum.  It  is  increased  by 
movement,  and  may  radiate  around  the  trunk,  or  into  the  limbs  ;  it  is  some- 
times severe  in  the  knee  joints.  Whether  there  is  pain  in  the  back  or  not, 
rigidity  in  the  muscles  of  the  neck  is  almost  invariable,  and  in  those  of  the 
back  is  frequent.  This  gives  rise  to  the  characteristic  retraction  of  the  head, 
usually  moderate  in  degree,  sometimes  so  great  as  to  cause  the  neck  to  be  at 
right  angles  to  the  rest  of  the  spinal  column.  Often  the  contraction  seems 
to  be  chiefly  in  the  deeper  muscles.  Any  attempt  to  flex  the  neck  gives  rise 
to  pain.  The  retraction  of  the  head  is  usually  an  early  symptom,  although 
it  is  not  often  present  at  the  actual  onset ;  sometimes  it  is  delayed  until  the 
later  stage  of  the  disease.  The  rigidity  of  the  rest  of  the  spinal  muscles  is 
generally  merely  enough  to  prevent  bending  of  the  trunk,  but  it  is  occasion- 
ally so  great  as  to  cause  opisthotonos.  The  limbs  also  are  sometimes  rigid ; 
the  legs  are  drawn  up,  and  the  abdomen  is  retracted.  Rarely  there  has  been 
slight  trismus.  General  hyperesthesia  of  the  skin  is  a  frequent  symptom 
and  of  some  diagnostic  importance.  Convulsions  occasionally  occur  at  the 
onset  of  the  malady  or  during  its  course  ;  they  are  usually  general,  some- 
times unilateral  or  local. 

The  face  is  often  pale  and  has  a  shrunken  aspect.  The  pulse  varies  much 
in  frequency  ;  in  some  cases  it  is  not  much  above  the  normal,  while  in  others 
it  rises  to  120,  140,  or  more.  It  is  not  often  infrequent.  The  temperature 
is  almost  always  raised,  and  it  is  generally  considerably  raised,  often  reach- 
ing 1040,  1050,  or  106°,  the  greatest  amount  of  pyrexia  being  noted  toward 
the  termination  of  the  disease.  Both  the  temperature  and  pulse-frequency 
present  irregular  variations,  sometimes  together,  more  often  without  any 
correspondence.  The  bowels  are  generally  confined  ;  the  spleen  is  rarely 
enlarged.  The  amount  of  urine  has  been  sometimes  increased,  and  albumen 
is  occasionally  present ;  sugar  rarely. 

An  important  feature  of  the  disease,  more  common  in  epidemics  than  in 
sporadic  cases,  but  varying  much  in  different  outbreaks,  is  the  occurrence  of 
eruptions  on  the  skin.  Various  forms  have  been  met  with— erythema, 
herpes,  urticaria,  purpura ;  but  the  most  significant  are  the  herpes  and  the 
purpuric  spots.  The  latter  are  met  with  in  a  large  proportion  of  the  most 
severe  cases,  and  are  occasionally  present  in  attacks  of  moderate  severity. 
They  may  coalesce  so  as  to  give  rise  to  dark  diffuse  extravasation  into  the 
skin  over  a  considerable  area.     Herpes  is  very  common  in  some  epidemics  i 
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in  one  outbreak  of  twenty-nine  cases  herpes  was  present  in  twenty-six 
(Leichtenstern).  In  another,  of  thirty-two  cases,  only  six  developed  herpes 
(v.  Sydow).  It  usually  begins  on  the  lips  and  may  spread  to  other  parts  of 
the  face,  but  is  sometimes  observed  on  the  limbs.  These  eruptions  frequently 
present  bilateral  symmetry,  and  the  several  forms  are  sometimes  conjoined. 
They  usually  appear  after  the  disease  has  lasted  three  or  four  days.  Occa- 
sionally there  is  intense  conjunctivitis  and  even  ulceration  of  the  cornea. 

Paralysis  of  cranial  nerves,  strabismus,  inequality  of  pupil,  etc.,  may  be 
met  with  in  this  as  in  other  forms  of  meningitis.  The  pupils  are  dilated, 
sometimes  after  initial  contraction,  and  may  be  unequal.  Deviation  of  the 
eyes  to  one  side  has  been  occasionally  observed.  Optic  neuritis  is  common 
in  cases  that  last  for  more  than  four  or  five  days,  and  may  cause  permanent 
loss  of  sight,  if  the  patient  recovers.  Palsy  of  the  limbs  is  not  common  ; 
when  complete  hemiplegia  occurs  early  it  is  often  due  to  irritative  inhibition, 
but  sometimes  at  a  later  period  it  is  due  to  a  focus  of  more  intense  inflamma- 
tion over  the  motor  region.*  Occasionally  there  is  paralysis  of  part  of  one 
side  from  this  cause.  In  rare  instances  the  symptoms  of  the  spinal  menin- 
gitis predominate  over  those  of  the  intracranial  inflammation,  and  complete 
paraplegia  may  result.f  Myotatic  irritability  is  usually  lost  in  the  legs  in 
such  cases,  and  sometimes  toward  the  close  in  others,  in  which  spinal  symp- 
toms are  not  specially  marked.  J 

Among  the  occasional  defects  of  the  disease,  deafness  is  of  special  import- 
ance. It  seems  commonly  to  depend,  not  on  damage  to  the  auditory 
nerve  at  the  base  of  the  brain, §  or  to  the  medulla,  but  on  extension  of 
inflammation  from  the  membranes  to  the  labyrinth  and  middle  ear,  an 
extension  that  occurs  with  peculiar  readiness  in  the  young.  The  affection 
of  the  middle  ear  is  shown,  not  only  by  the  interference  with  conduction, 
but  also  by  injection  of  the  membrana  tympani,  and  sometimes  by  the  dis- 
charge of  pus  through  it.  The  otitis  media  may  be  secondary,  in  time,  to 
that  of  the  labyrinth,  or  may  occur  alone.  It  is  a  question  whether  the 
affection  of  the  internal  ear  is  always  secondary  to  the  meningitis.  There 
are  many  passages  by  which  inflammation  may  spread  from  the  membranes 
to  the  labyrinth.  Nevertheless,  it  has  been  held  by  some  that  the  otitis  is 
simultaneous  and  primary,  and  the  inconstancy,  indeed  absolute  infrequency, 
of  the  labyrinthine  inflammation  gives  some  support  to  this  view.  It  is 
certain  that  bilateral  labyrinthine  inflammation  in  children  is  sometimes  a 
primary  disease ;  we  know  little  of  its  causes,  but  it  is  possible  that  they 
are  allied  to  those  which  produce  meningitis. 

The  delirium  that  attends  the  early  stage  of  the  disease  soon  gives  place  to 

■*  An  instance  is  recorded  by  Charlewood  Turner,  Path.  Trans.,  1884. 

f  Striimpell,  Deut.  Arch.f.  kl.  Med.,  Bd.  xxx. 

%  Carrington,  Path.  Trans.,  1884,  xxxv,  pp.  54,  55  ;  Leichtenstern,  loc.  cit. 

\  See  note  on  p.  745.  Infiltration  of  the  sheath  of  the  auditory  nerve  with  pus  has  been 
found  when  no  deafness  was  noted,  and  there  has  generally  been  evidence  of  suppuration  in 
the  labyrinth  when  there  has  been  absolute  deafness. 
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a  condition  of  stupor  deepening  to  coma.  The  period  at  which  this  comes 
on  varies  according  to  the  severity  of  the  case ;  the  delirium  may  last  a  few 
hours  only  and  the  patient  may  become  comatose  before  the  end  of  the  first 
day,  or  the  coma  may  only  come  on  at  the  end  of  a  week.  In  cases  that 
terminate  fatally,  the  coma  is  attended  with  signs  of  failure  of  the  heart, 
and  by  sighing  or  irregular  breathing,  and  the  temperature  may  fall,  or  may 
rise  to  an  extreme  degree. 

The  variations  in  the  severity  of  the  disease  are  great  and  are  accompanied 
by  corresponding  variations  in  duration.  In  the  most  acute  cases  the 
patient  quickly  becomes  comatose,  and  dies  at  the  end  of  one  or  two  days, 
sometimes  even  in  five  or  six  hours  from  the  onset.  The  acute  form  has 
been  termed  "fulminant."  On  the  other  hand,  slight  cases  sometimes 
occur,  in  which  the  illness  is  trifling,  and  the  symptoms  consist  in  headache, 
pain  in  the  back,  and  slight  rigidity  of  the  neck  muscles,  a  form  that 
has  been  termed,  somewhat  inaptly,  "abortive."  A  remarkable  epidemic 
occurred  at  a  village  in  Lincolnshire  a  few  years  ago,  in  which  all  the  cases 
were  of  this  form.  As  in  the  case  of  other  epidemic  diseases,  the  severe 
cases  are  most  frequent  at  the  commencement,  and  the  slight  cases  during 
the  decline  of  the  epidemic.  The  most  acute  cases  are  often  attended  by 
extensive  cutaneous  extravasation,  and  death  seems  to  be  due  rather  to  the 
blood  change  than  to  the  meningeal  inflammation.  In  the  less  severe  form, 
death  generally  results  from  asthenia,  increased  often  by  bedsores.  In  cases 
that  recover,  the  patient  begins  to  mend  some  time  during  the  second  week. 
The  mortality  has  varied,  in  different  epidemics,  from  twenty  to  eighty  per 
cent. ;  in  sporadic  cases  it  is  very  high. 

Besides  the  varieties  that  depend  on  severity,  other  forms  have  been 
occasionally  met  with.  The  fever  has  been  observed  to  distinctly  intermit, 
somewhat  after  the  type  of  a  quotidian  or  tertian  ague,  but  with  much  less 
regular  variations  in  the  temperature  than  are  presented  by  true  intermittent 
fever.  Other  cases  in  which  the  fever  and  a  low  asthenic  state  continue 
for  a  considerable  time,  have  been  described  as  a  "typhoid  "   form. 

A  complication  of  epidemic  meningitis  that  deserves  special  mention  is 
pneumonia.  This  has  been  met  with  in  many  cases,  and  has  been  more 
frequent  in  some  epidemics  than  in  others.  It  is  seen  also  in  sporadic  cases, 
and  is  of  importance  from  its  pathological  suggestiveness.  Bronchitis  is  also 
common. 

Among  other  rare  complications  may  be  mentioned  tonsillitis,  multiple 
arthritis  (sometimes  suppurative),*  endocarditis,  and  pericarditis.  Com- 
binations of  cerebro-spinal  meningitis  with  other  maladies,  such  as  scarlet 
fever,  have  also  been  described  ;  it  is  doubtful  whether  the  combination  has 
been  more  than  a  coincidence. 

The  process  of  recovery  is  generally  very  slow,  and  is  occasionally  inter- 
rupted by  a  distinct  relapse.  Headache  persists  for  a  long  time,  and  a 
lasting  liability  to  headache  may  succeed  the  disease.    Of  the  sequela?  of  the 

*  Medin,  loc.  cit. 
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disease  the  most  important  is  the  deafness  from  inflammation  of  the  ear. 
It  may  be  complete,  and,  occurring  as  it  often  does  in  children,  it  may  cause 
a  loss  of  any  power  of  speech  that  has  been  acquired,  and  permanent  deaf- 
muteness.  In  some  countries  an  epidemic  of  this  disease  has  added  enor- 
mously to  the  proportion  of  the  population  who  were  deaf  and  dumb.  With 
the  deafness  there  is  often,  for  a  time,  a  difficulty  in  maintaining  equilibrium, 
due,  no  doubt,  to  the  damage  to  the  semicircular  canals.  It  gradually  passes 
away  as  compensation  for  the  loss  becomes  established.*  Noises  in  the  ears 
may  also  persist  for  a  long  time.  Another  consequence  occasionally  observed 
is  chronic  internal  hydrocephalus,  which. may  cause  its  characteristic  symp- 
toms some  weeks  or  months  after  the  primary  disease.  It  probably  depends, 
in  some  cases  at  least,  on  its  common  cause,  closure  of  the  openings  of  the 
fourth  ventricle,  but  it  may  sometimes  be  due  to  inflammation  of  the  lining 
membrane  of  the  ventricles  (Merkel).  An  excess  of  fluid  is  sometimes  found 
outside  the  cord. 

Pathological  Anatomy. — In  the  most  acute  fulminant  cases,  there  may 
be  only  that  transudation  of  haematin  into  the  fluids  of  the  body  and  rapid 
decomposition  which  attend  all  intense  toxaemic  states,  together  with  con- 
gestion of  the  membranes ;  in  these  the  microscope  may  show  collections  of 
lymphoid  cells  along  the  vessels,  or  red  corpuscles  infiltrating  the  tissue. 
In  cases  of  less  rapid  course  there  is  intense  hypersemia  of  the  pia  mater  of 
the  brain  and  cord,  with  opacity  and  exudation  of  lymph,  and  in  most  cases 
that  have  lasted  more  than  three  or  four  days,  there  is  distinct  formation  of 
pus,  which  may  accumulate  in  the  subarachnoid  space.  It  is  more  abundant 
'  over  the  posterior  than  over  the  anterior  surface  of  the  cord.  The  dura 
mater  of  the  brain  is  little  affected,  but  there  are  commonly  some  signs  of 
inflammation  on  that  of  the  cord.  The  ventricles  of  the  brain  may  contain 
turbid  fluid,  sometimes  pus,  and  their  lining  membrane  may  present  signs 
of  inflammation.  Thrombosis  in  sinuses  is  rare.  The  substance  of  the  brain 
may  be  pale,  or  contain  small  hemorrhages  or  points  of  softening,  or  small 
collections  of  pus.  The  spinal  cord  may  also  be  inflamed  and  softened  in 
places.  The  lesions  in  other  organs  of  the  body  are  such  as  result  from  other 
acute  febrile  blood  diseases.  The  spleen  and  follicular  glands  of  the  intestinal 
canal  may  be  found  enlarged,  but  the  enlargement  of  the  spleen  is  slight 
and  has  seldom  been  detected  during  life.  The  kidneys  are  sometimes  in  a 
state  of  acute  parenchymatous  inflammation,  as  in  other  acute  general  dis- 
eases. The  lungs  often  present  signs  of  congestion,  and  endocarditis  has 
been  met  with. 

Pathology. — All  the  facts  of  the  disease  point  to  the  existence  of  a 
specific  poison  acting  on  the  blood,  and  through  the  blood  exciting  the  local 
inflammation.  It  is,  however,  to  the  latter  that  the  symptoms  are  chiefly 
due,  in  all  save  the  most  intense  cases.  The  alterations  met  with  in  other 
organs  seem  to  prove  the  constitutional  nature  of  the  affection.  But  of  the 
nature  of  the  influence  which  causes  the  disease,  and  the  way  it  spreads, 

*  Moos,  "  Meningitis  cerebro  spinalis  epidemica,  etc.,"  Heidelberg,  1881. 
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little  is  known.  It  is  clear  that  children  possess  a  special  liability,  which 
cannot  be  explained,  as  in  so  many  specific  diseases,  by  the  mere  absence 
of  the  protection  afforded  by  a  previous  attack.  The  very  slight  part  played 
by  personal  intercourse  in  the  transmission  of  the  disease  has  been  already 
mentioned.  The  manner  in  which  disconnected  cases  appear  about  the 
same  time,  has  suggested  an  analogy  to  influenza,  but  it  is  possible  that  a 
still  closer  analogy  exists  between  this  disease  and  some  forms  of  pneumonia, 
with  which  it  is  not  unfrequently  associated.  The  occurrence  of  herpes  of 
the  lips  in  each  disease  is  a  small  but  noteworthy  point  of  resemblance. 
Pneumonia  has  been  observed  to  be  especially  frequent  at  the  time  of  epi- 
demics of  meningitis.*  It  is  highly  probable  that  one  form  of  pneumonia 
is  due  to  some  specific  influence,  and  a  special  micrococcus  has  been  ob- 
served in  connection  with  it.  When  meningitis  accompanies  pneumonia, 
the  same  organisms  have  been  found  in  the  cerebral  membranes. f  The 
proved  dependence  of  many  acute  specific  diseases  on  microorganisms  has 
suggested  the  probability  that  epidemic  meningitis  is  due  to  a  similar 
cause.J  Organisms  have  been  repeatedly  searched  for,  and  have  been  found, 
although  not  frequently.  In  a  case  recorded  by  Gauchier,§  the  urine,  which 
was  albuminous,  contained  a  large  number  of  micrococci,  and  similar 
organisms  were  found  in  the  blood  during  life,  and,  in  great  abundance,  in 
the  exudation  in  the  membranes  after  death.  Similar  organisms  were  found 
by  Leyden,  in  the  cerebro-spinal  fluid  around  the  cord  as  well  as  in  the  pia 
mater,  ||  and  he  has  pointed  out  their  resemblance  to  those  that  are  associated 
with  pneumonia  and  with  erysipelas,  but  notes,  as  differences,  that  they  are 
somewhat  larger,  more  distinctly  oval,  and  that  some  are  wider,  and  present 
indications  of  division. 

Diagnosis. — The  symptoms  of  meningitis,  the  severe  headache  and 
coincident  delirium,  the  retraction  of  the  head,  the  cutaneous  hyperaes- 
thesia,  etc.,  are  generally  sufficiently  distinct  to  prevent  any  confusion  of 
the  disease  with  other  febrile  maladies.  The  pain  in  the  back,  vomiting, 
and  headache  may  suggest  smallpox,  but  in  cases  in  which  the  pain  in  the 
back  is  severe,  the  muscular  rigidity  usually  soon  manifests  itself.  It  is  said 
that  in  some  cases  of  typhoid  fever  there  is  hyperesthesia  of  the  skin  and 


*  Medin,  loc.  cit. 

f  Eberth,  Deut.  Arch.  f.  kl.  Med.,  xiii,  p.  I;  Nauwerk,  Deut.  Arch.  f.  kl.  Med.,  xxix, 
p.  I;  Senger,  Arch.  f.  Exp.  Path.,  xx,  389;  Cornil  et  Babes,  "  Les  Bacteries,"  Paris, 
1886,  p.  446.  It  has  generally  been  assumed  that  the  meningitis  complicating  pneumonia  is 
due  to  an  infection  from  the  lung.  While  this  theory  is  supported  by  the  cases  in  which 
the  cerebral  inflammation  comes  on  several  days  after  the  onset  of  the  pneumonia,  it  seems 
inadmissible  in  the  cases  in  which  the  two  develop  simultaneously,  or  nearly  so,  or  in  which 
the  intracranial  disease  precedes  the  other. 

%  See  Ziemssen,  "  Handbuch  der  Spec.  Path.,  etc.,"  ii,  Th.  2. 

\   Gaz.  Mid.  de^Paris,  March  5,  1 881. 

||  Cent.  f.  kl.  Med.,  No.  10,  1883.  See  also  Leichtenstern,  loc.  cit.  Rod-shaped 
bacteria  were  found  in  the  pia  arachnoid  in  a  very  acute  case  by  Brigidi  and  Banti,  La 
Salute,  1883,  No.  23. 
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some  tenderness  of  the  muscles  of  the  neck  (Leyden),  but  these  symptoms 
quickly  lessen,  whereas  in  meningitis  they  increase.  The  herpes  of  the  face 
may  help  to  distinguish  the  disease  from  the  continued  fevers.  In  tetanus 
the  opisthotonic  spasm  is  generally  secondary  to  trismus,  which  is  scarcely 
ever  an  early  symptom  in  meningitis. 

Uraemia  may  cause  muscular  rigidity,  convulsions  and  coma,  thus  oc- 
casionally giving  rise  to  symptoms  somewhat  like  those  of  cerebro-spinal 
meningitis  (Murchison),  but  the  temperature  is  normal,  and  other  symp- 
toms of  each  malady  are  usually  recognizable.  It  must  be  remembered  that 
in  children  retraction  of  the  head  may  occur  from  rheumatic  affection  of 
the  muscles  and  other  causes  (see  p.  744). 

The  greatest  difficulty  is  the  distinction  of  this  from  other  forms  of  menin- 
gitis, and  the  question  whether  sporadic  cases  are  to  be  regarded  as  examples 
of  the  disease.  In  other  forms  of  cerebral  meningitis,  spinal  symptoms  are 
seldom  conspicuous,  but  it  must  be  remembered  that,  in  the  epidemic  form, 
there  may  not  be  more  than  retraction  of  the  head.  In  tubercular  menin- 
gitis, the  onset  is  more  insidious,  and  coma  is  a  rather  late  symptom.  The 
occurrence  of  the  skin  eruptions,  or  the  prevalence  of  the  disease  in  an 
epidemic  form,  give  material  help  to  the  diagnosis.  The  identification  of 
isolated  cases  is  a  subject  on  which  opinions  differ.  My  own  belief  is  that 
the  cases  of  acute,  severe,  rapidly-fatal  inflammation  of  the  cerebral  and  spinal 
membranes  are  not  separable  from  the  epidemic  disease,  and  I  think  the 
opinion  is  supported  by  the  frequency  with  which  pneumonia  co-exists. 
The  group  of  cases  referred  to  on  p.  752,  of  which  three  came  from  one 
street  within  a  few  weeks,  must,  I  think,  be  regarded  as  belonging  to  the 
epidemic  form,  but  these,  and  the  other  cases  that  occurred  at  the  same  time 
elsewhere  in  London,  differed  in  no  respect  from  the  isolated  cases  that  are 
met  with  every  year.  In  at  least  one  case  of  this  group  there  was  pneu- 
monia. 

The  diagnosis,  from  this  disease,  of  simple  meningitis  complicating  pneu- 
monia is  difficult,  because  the  pathological  distinction  is  uncertain.  It  is 
very  doubtful  whether  the  cases  in  which  the  two  diseases  coincide  in  time, 
or  are  separated  in  onset  by  two  or  three  days  only,  should  not  be  regarded 
as  belonging  to  the  cerebro-spinal  form.  A  considerable  diagnostic 
difficulty  is  presented  by  cases  in  which  the  meningitis  runs  an  almost 
latent  course.  It  is  sometimes  found,  after  death,  in  cases  of  pneu- 
monia in  which  it  was  not  suspected  during  life,  the  headache  and  delirium 
having  been  ascribed  to  the  pulmonary  malady.  Unequivocal  symptoms  of 
cerebral  mischief,  however  slight  they  may  be,  should  always  receive  atten- 
tion in  this  disease.  General  hyperesthesia  sometimes  first  suggests  the 
presence  of  more  than  the  lung  disease. 

Lastly,  when  the  disease  has  been  epidemic,  some  of  its  symptoms  have 
been  produced  by  the  influence  of  fear,  in  what  has  been  termed  "menin- 
gitophobia,"  and  the  distinction  of  this  from  the  "  abortive  form  "  has  some- 
times been  difficult.  The  absence  of  fever  and  of  definite  objective  symptoms 
usually  suffices. 
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Prognosis. — The  disease  is  most  serious,  except  in  the  slightest  form,  but 
even  in  this  a  benign  course  cannot  be  counted  on  with  certainty.  Recovery 
can  scarcely  be  looked  for  if  coma  comes  on  before  the  fifth  day.  The 
prognosis  in  different  epidemics  must  be  influenced  by  the  prevailing  char- 
acter of  the  disease ;  it  is,  as  a  rule,  decidedly  worse  in  the  isolated  cases 
than  it  is  in  epidemics.  It  is  said  to  be  least  grave  between  ten  and  fifteen 
years.  If  there  is  inflammation  of  the  labyrinth,  some«degree  of  permanent 
deafness  is  probable.  In  cases  in  which  hearing  is  lost,  any  return  of  the 
perception  of  sounds  conducted  through  the  bone  is  of  favorable  significance. 

Treatment. — No  agent  has  appeared  to  exert  any  specific  influence  on 
the  course  of  the  disease.  Its  treatment  does  not  differ  from  that  suitable  to 
other  forms  of  meningitis,  but  there  is  perhaps  less  to  be  hoped  for  from 
mercury.  Among  the  other  drugs  that  have  been  used,  for  the  most  part 
without  distinct  result,  may  be  mentioned  iodide  of  potassium,  salicylate  and 
benzoate  of  soda,  quinine,  digitalis,  and  chloral.  Iodide  of  potassium  and 
salicylate  of  soda  have,  it  is  true,  been  credited  with  a  beneficial  influence  in 
a  few  cases.  For  the  prevention  of  the  disease,  fresh  air  and  the  avoidance 
of  overcrowding  are  the  most  important  measures. 


ORGANIC  DISEASES  OF  THE  BRAIN. 

ANAEMIA  OF  THE  BRAIN. 

The  blood  within  the  brain  is  contained  in  arteries,  capillaries  and  veins. 
The  functional  condition  of  the  brain  depends  on  the  quantity  and  quality 
of  the  blood  circulating  in  its  capillaries,  and  it  is  to  this  that  the  special 
symptoms  are  related.  Deficiency  in  the  quality  of  the  blood  supplied  to 
the  brain  is  always  of  gradual  occurrence,  and  affects  the  whole  brain  ; 
deficiency  in  quantity  of  the  circulating  blood  may  affect  the  whole  brain 
or  part  only,  and  it  may  be  sudden  or  gradual  in  its  production. 

Causes. — General cerebral  anamia  maybe  due  to  the  following  causes  : 
(i)  It  may  be  a  part  of  systemic  anaemia — defect  in  quantity  or  quality  of 
the  whole  blood,  due  to  causes  which  are  considered  elsewhere.  This  is 
often  seen  in  cases  of  hemorrhage,  of  exhausting  discharges,  or  of  defective 
blood  nutrition,  as  in  chlorosis.  (2)  The  supply  of  blood  to  the  brain  may 
be  deficient,  the  quantity  of  blood  in  the  body  being  normal.  This  may 
be  due  to  cardiac  weakness,  or  to  causes  acting  through  the  nervous  system 
on  the  heart,  as  in  swooning.  In  systemic  anaemia,  the  lessened  cardiac 
power  increases  the  cerebral  deficiency.  Whatever  lessens  the  amount  of 
blood  discharged  from  the  heart,  such  as  aortic  obstruction  or  mitral  disease, 
may  be  a  cause  of  cerebral  ansemia.  Pressure  on  the  vessels  conveying  the 
blood  to  the  head,  as  by  an  aortic  aneurism,  has  a  similar  effect.  Unequal 
distribution  of  the  systemic  blood  is  another  cause.     The  intestinal  vessels, 
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if  dilated,  are  capable  of  containing  a  large' part  of  the  blood  of  the  body, 
and  the  effect  of  their  engorgement  is  often  seen  after  paracentesis  abdomi- 
nis. A  patient  suddenly  sitting  up,  after  the  abdominal  vessels  have  been 
thus  relieved  from  pressure,  has  been  known  to  fall  back  dead.  One  theory 
of  shock  ascribes  its  mechanism  to  vasomotor  dilatation  of  these  vessels,  and 
consequent  anaemia  of  the  rest  of  the  system.  The  effect  of  each  cause  is 
increased  by  the  action  of  gravitation  in  the  erect  posture.  Some  causes 
act  only  in  that  position.  (3)  Cerebral  anaemia  has  been  supposed  to 
occur  during  the  exhaustion  after  the  acute  stage  of  febrile  diseases,  and  to 
be  the  cause  of  certain  cerebral  symptoms  that  may  attend  this  stage.  The 
mechanism  is,  however,  uncertain,  since  an  equal  amount  of  prostration  and 
sardiac  weakness  is  more  frequently  unattended  by  these  symptoms.* 
(4)  The  capacity  of  the  cerebral  vessels  may  be  diminished  by  pressure  on 
the  brain,  exerted"  by  effusions  of  fluid  (hydrocephalus),  of  blood  (in  cere- 
bral and  meningeal  hemorrhage),  or  by  growths  within  the  skull. 

Partial  cerebral  antzmia  is  due  to  some  obstruction  to  the  passage  of  the 
blood  through  the  vessels.  To  be  permanently  efficient  such  obstruction 
must  be  situated  beyond  the  circle  of  Willis.  Ligature  of  one  carotid  causes 
immediate  symptoms  of  cerebral  anaemia,  but  permanent  symptoms  are  not 
frequent.  Pressure  on  or  disease  of  one  carotid,  for  the  same  reason,  rarely 
gives  rise  to  symptoms.  Obstruction  in  certain  arteries  of  the  brain  may 
cause  local  anaemia,  sudden  or  gradual,  temporary  or  permanent,  according 
to  its  cause.  Such  obstruction  may  be  due  to  narrowing  of  the  calibre  of 
the  vessel  by  atheromatous  changes  in  its  wall,  or  by  spasm  of  its  muscular 
coat,  or  may  be  due  to  actual  occlusion  by  embolism  or  thrombosis.  The 
pressure  effects  of  an  intruding  substance  within  the  skull  (tumor,  or  clot) 
act  most  intensely  in,  and  may  influence  only,  one  region  of  the  brain. 

It  is  obvious  that  of  these  causes  some  act  suddenly,  others  gradually,  and 
the  symptoms  produced  will  differ  accordingly. 

Pathological  Anatomy. — The  principal  anatomical  character  of  cere- 
bral anaemia  is  pallor  of  the  brain,  observable  chiefly  in  the  paler  tint  of  the 
cortical  substance,  and  the  diminished  number  of  red  spots  in  the  white 
centre.  The  pallor  may  be  partial  or  general.  But  pallor  of  the  brain  after 
death  does  not  by  any  means  necessarily  show  that  anaemia  existed  during 
life.  The  amount  of  blood  'in  the  brain  depends  chiefly  on  the  mode  of 
death.  The  membranes  are  usually  pale  in  anaemia,  but  in  some  cases  of 
partial  anaemia  they  are  hypersemic.  In  general  ansemia,  effusion  of  serum 
in  the  .meshes  of  the  pia  mater  and  between  the  convolutions  may  be  found, 
and  it  is  even  said  that  the  brain  substance  may  be  cedematous,  and  the 
nerve  cells  changed  in  aspect,  unduly  translucent,  or  unduly  granular.  The 
walls  of  the  minute  vessels  may  also  be  found  degenerated,  thickened  and 
homogeneous  in  appearance,  a  condition  which  may  aid  in  the  interference 
with  function.f 


*  It  is  quite  possible  that  the  symptoms  referred  to,  mental  derangement,  etc.,  may  be  an 
after  effect  of  the  action  of  the  specific  poison  on  the  nerve  centres, 
f  Knoll,  Wien.  Med.  Wochenschrift,  1885,  No.  51. 
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Symptoms. — The  symptoms  of  this  condition  vary  according  as  the  anaemia 
is  suddenly  or  slowly  produced,  and  as  it  is  general  or  partial. 

(i)  In  sudden  general  anaemia  of  the  brain  the  sufferer  feels  drowsy  ;  the 
special  senses  are  dulled ;  noises  in  the  ears  and  vertigo  are  complained  of; 
the  pupils  are  at  first  contracted  ;  sight  may  fail ;  muscular  power  is  weak- 
ened ;  respiration  is  sighing ,  the  skin  is  pale,  cold,  and  moist ;  nausea  is 
common  ;  and  headache  is  rare.  If  the  anaemia  is  more  intense,  conscious- 
ness is  lost,  there  is  universal  paralysis  ;  and  general  convulsions  may  occur, 
epileptiform  in  character,  these  being  especially  frequent  in  sudden  exten- 
sive loss  of  blood  in  strong  subjects.  Nystagmus  is  sometimes  observed. 
The  pupils  dilate,*  and  the  coma  may  deepen  to  death.  The  loss  of  sight 
in  cases  which  recover  may  persist  as  permanent  amaurosis ;  but  this  is 
probably  due  to  an  affection  of  the  retina.  In  syncope  the  patient  may 
remain  blind  for  some  minutes  after  the  mental  functions  are  restored.  The 
somnolence  may  increase  to  coma. 

(2)  When  general  anaemia  of  the  brain  is  slowly  produced,  the  state  of  the 
cerebral  functions  is  usually  that  of  "irritable  weakness."  Their  action  is 
imperfect  in  degree,  and  excited  with  undue  facility.  There  is  mental  dull- 
ness and  drowsiness  ;  sometimes,  however,  insomnia  is  troublesome.  There 
are  often  hallucinations  of  the  special  senses,  and  it  is  said  that  maniacal 
attacks  or  melancholic  depression  may  occur.  Delirium  is  common  in 
severe  cases,  and  in  some  forms  of  imperfect  blood  nutrition,  the  so-called 
"  inanition  delirium."  Headache,  usually  general,  is  a  common  symptom. 
Sensory  hyperaesthesise,  tinnitus  aurium,  muscae  volitantes,  and  vertigo  are 
frequent.  Sometimes  the  sight  is  dim,  or  there  may  be  deafness,  especially 
in  the  upright  posture.  Convulsions  are  rare,  but  muscular  power  is 
generally  deficient.  All  these  phenomena  are  more  marked  in  the  erect 
than  in  the  recumbent  posture,  especially  when  the  erect  posture  is  suddenly 
assumed.  It  has  been  remarked  that  some  anaemic  persons  can  think  well 
only  when  lying  down. 

In  young  children,  after  exhausting  discharges,  as  diarrhoea,  symptoms 
referable  to  cerebral  anaemia  sometimes  occur — somnolence  and  pallor,  with 
depressed  fontanelle  and  contracted  pupils  ;  occasionally  there  is  strabismus 
and  even  rigidity  of  the  neck.  The  somnolence  may  deepen  to  coma,  the 
pupils  dilate  and  lose  their  sensitiveness  to  light,  and  death  may  occur. 
Such  symptoms  have  been  called  hydrocephaloid  (first  by  Marshall  Hall), 
from  the  resemblance  to  those  of  acute  hydrocephalus. 

(3)  Partial  cerebral  anaemia  causes,  if  complete,  loss  of  function  in  the 
affected  area ;  and  if  it  is  permanent,  as  in  obstruction  of  a  vessel  beyond 
the  circle  of  Willis,  necrosis  of  the  cerebral  tissue  results  (see  Softening  of 
the  Brain).  If  incomplete  and  sudden,  there  is  temporary  arrest  of  func- 
tion.    Ligature  of  one  carotid,  for  instance,  causes  transient  weakness  and 


*  The  early  contraction  is  probably  due  to  irritation  of  the  third  nerve  iris  centre,  the  sub- 
sequent dilatation  to  its  paralysis  (see  Mayer  and  Pibram,  Prager  Zeitschrift  f.  Heilkunde, 
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numbness  in  the  opposite  half  of  the  body.  There  may  be  at  first  an  over- 
action  of  gray  matter,  causing,  in  certain  regions,  unilateral  convulsions. 
If  slowly  developed,  as  in  narrowing  of  arteries,  pain  and  vertigo  are  com- 
mon, with  recurring  local  symptoms,  such  as  numbness,  tingling  and 
weakness. 

In  all  cases  of  long-continued  cerebral  anaemia,  lasting  damage  to  the 
nutrition  of  the  brain  may  result.  In  the  child,  the  development  of  the 
brain  may  be  arrested ;  in  the  adult,  loss  of  memory  and  of  general  mental 
power  indicate  the  deterioration  of  nutrition.  In  all  varieties  of  chronic 
anaemia  these  symptoms  are  common,  and  sometimes  take  the  form  of 
chronic  insanity.  The  simple  failure  usually  passes  away  sooner  than  the 
pronounced  derangement,  but  often  not  till  long  after  the  blood  state  has 
improved. 

Pathology. — The  symptoms  are,  as  already  stated,  dependent  mainly  on 
the  defective  quantity  and  quality  of  the  blood  circulating  in  the  brain. 
Some  influence  has  been  ascribed  to  the  diminution  in  the  blood  pressure  to 
which  the  nerve  elements  are  ordinarily  exposed  (Burrows) ;  a  mechanical 
influence,  of  which  the  possibility  cannot  be  denied  and  the  probability  can- 
not be  proved.  The  precise  cerebral  disturbance  on  which  the  symptoms 
directly  depend  is  uncertain.  Doubtless  the  cortex  is  the  first  to  suffer  in 
function,  and  the  mental  symptoms  are  thus  produced.  The  convulsions 
that  are  produced  by  sudden  anaemia  of  the  brain  are  usually  ascribed  to  dis- 
turbance of  centres  in  the  medulla  or  pons,  but  this  is  rendered  improbable 
by  the  fact  that  compression  of  one  carotid,  which  can  affect  only  the  cere- 
bral hemisphere,  has  caused  convulsion  in  the  opposite  half  of  the  body. 
The  convulsion  is  preceded  by  tingling  in  the  whole  of  that  side.  That  the 
nerve  cells  should  "discharge"  when  the  blood  supply  is  arrested,  is  a  fact 
of  very  great  physiological  interest  as  an  indication  of  the  reserve  of  force 
that  must  be  stored  up  in  the  nerve  cells,  and  of  the  probability  that  sudden 
over-action  is  due  to  diminution  of  resistance  to  action,  and  not  to  an 
increase  in  the  force-generating  function  of  the  cell.  Latent  energy  may 
be  liberated,  but  new  force  can  scarcely  be  produced  under  the  influence  of 
sudden  anaemia.  The  disturbance  of  respiration,  its  sighing  character,  etc., 
are  ascribed  to  the  derangement  of  the  respiratory  centre  in  the  medulla, 
but  we  cannot  be  sure  that  this  is  always  the  case.  Such  breathing  has  been 
observed  to  follow  obstruction  of  the  carotids.  It  must  be  remembered  that 
our  consciousness  of  dyspnoea  due  to  disturbance  of  the  respiratory  centre 
must  be  produced  through  related  cerebral  centres,  and  a  primary  disturb- 
ance of  the  latter  may  act  on  the  respiratory  centre,  as  in  the  sigh  of  grief. 

Diagnosis. — The  diagnosis  is  not  difficult.  It  rests  on  the  recognition, 
in  a  given  case,  of  the  causes  of  cerebral  anaemia,  and  on  the  exclusion  of 
graver  maladies,  such  as  organic  cerebral  disease.  With  the  latter,  it  should 
be  remembered,  anaemia  of  the  brain,  local  or  general,  often  co-exists. 
Some  symptoms  of  hyperaemia  of  the  brain  closely  resemble  those  of 
anaemia.  A  common  pathological  state  of  imperfect  blood  renewal  proba- 
bly exists  in  both  conditions. 
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Prognosis. — The  severity  of  the  symptoms  and  the  extent  to  which  the 
cause  of  the  anaemia  is  amenable  to  treatment,  and  is  of  transient  character, 
must  determine  the  prognosis.  As  a  rule  this  is  favorable  when  there  is  no 
organic  disease  of  heart,  vessels  or  brain.  In  the  so-called  "pernicious 
anaemia"  the  prognosis  is,  of  course,  far  more  grave.  Hydrocephaloid 
symptoms  in  infants,  if  met  by  prompt  and  suitable  treatment,  are  usually 
recovered  from. 

Treatment. — The  treatment  necessarily  varies  in  the  several  forms  of  the 
affection,  but  it  is  in  the  main  causal.  The  beneficial  effect  of  the  recum- 
bent posture  in  affording  immediate  relief  to  the  symptoms,  and  obviating 
permanent  damage  to  the  cerebral  nutrition,  must  be  always  remembered. 
In  acute  anaemia  from  loss  of  blood,  the  head  should  be  kept  continuously 
low,  stimulants  freely  administered,  and  as  a  penultimate  resort  bandages, 
applied  to-  the  limbs  from  below  upward,  may  increase  the  proportionate 
supply  of  blood  to  the  brain.  If  this  fails  transfusion  must  be  had  recourse 
to.  In  chronic  anaemia,  sudden  change  of  posture  should  be  carefully 
avoided,  and  ferruginous  tonics  are  needed.  The  form  of  iron,  I  believe, 
matters  much  less  than  is  usually  supposed.  When  the  corpuscles  are  few, 
arsenic  should  be  given  with  it.  In  severe  cases,' absolute  physical  rest  is 
often  advantageous,  but  this  depends  on  the  form  of  the  anaemia.  When 
the  haemoglobin  is  reduced  out  of  proportion  to  the  corpuscles,  physical  rest 
is  of  the  greatest  importance,  greater  even  than  fresh  air.  Corpuscles  are 
oxygen  carriers  in  proportion  to  the  haemoglobin  they  contain.  All  mus- 
cular exertion  uses  up  the  oxygen,  and  the  protoplasmic  tissues  suffer  in  their 
nutrition,  and  are  incapacitated  for  tRe  essential  functions  of  digestion,  cir- 
culation, etc.  The  beneficial  effect  of  absolute  rest  in  bed  in  these  cases  is 
often  most  striking.  If,  on  the  other  hand,  the  corpuscles  are  rich  in  haemo- 
globin (and  in  pernicious  anaemia  they  may  contain  fifty  per  cent,  more 
haemoglobin  than  normal)  gentle  exercise  may  be  permitted,  because  the 
oxygen  carriers  have  their  full  functional  capacity,  and  the  nutrition  of  the 
tissues  does  not  suffer ;  if  some  of  the  oxygen  is  used  in  exercise,  the  supply 
to  the  tissues  is  practically  diminished  thereby. 

In  the  cerebral  anaemia  of  syncope,  the  recumbent  posture,  stimulants  to 
the  skin,  cold  water,  faradization,  sinapisms  and  ammonia  to  the  nasal 
mucous  membrane,  assist  the  recovery  of  cardiac  action  and  the  return  of 
consciousness.  In  all  cases,  carefully  regulated  food  and  stimulants  are 
needed;  beef  tea  should  be  given  in  small  quantities  and  at  frequent 
intervals. 

The  group  of  symptoms  called  hydrocephaloid  requires  similar  treatment. 
Its  diagnosis  is  of  the  first  importance,  because  a  routine  treatment  for  men- 
ingitis would  kill  the  patient.  Warmth  to  the  surface  of  the  body  and  head 
is  of  importance.  Attempts  prematurely  to  rouse  the  child  to  consciousness 
are  unadvisable,  but  when  a  distinct  improvement  has  occurred  in  the  gen- 
eral state,  and  especially  in  the  pulse,  some  mental  activity  probably  favors 
the  return  of  a  normal  state  of  the  cerebral  circulation. 


7G4  BRAIN. 

In  the  more  pronounced  mental  symptoms  that  result  from  anaemia, 
opiates  are  of  great  service,  either  opium  by  the  mouth  or  by  morphia  under 
the  skin.  In  states  of  depression  the  dose  should  be  small  and  frequent, 
■fa  gr.  of  morphia  three  or  four  times  a  day.  In  excitement  a  larger  dose 
(}4  gr.)  may  be  given  for  its  soporific  effect. 


HYPEREMIA  OF  THE  BRAIN. 

Of  all  regions  of  cerebral  pathology,  that  of  congestion  of  the  brain  is 
perhaps  the  most  obscure.  We  have  very  little  precise  knowledge  regarding 
it,  and,  as  is  often  the  case,  theory  has  flourished  in  proportion  to  the 
deficiency  of  fact.  It  was  long  thought  that  the  state  of  the  vessels  of  the 
brain  after  death  corresponds  with  their  condition  during  life,  and  post- 
mortem distention  was  accepted  as  proof  that  any  preceding  cerebral  symp- 
toms were  due  to  congestion.  The  fact  was  unobserved  or  ignored  that  a 
similar  condition  of  the  brain  is  equally  common  when  there  are  no  cerebral 
symptoms  during  life,  and  depends  chiefly  on  the  mode  of  death.  Hence, 
an  extensive  symptomatology  was  elaborated  and  built  up  on  an  erroneous 
foundation,  and  it  has  to  some  extent  survived  its  evidence.  Moreover,, 
congestion  of  organs  seems  to  afford  so  satisfactory  an  explanation  of 
derangement  of  their  functions,  that  the  temptation  to  assign  the  condition 
as  the  cause  of  the  symptoms  has  proved  irresistible  to  unscrupulous  practi- 
tioners. In  this  way,  also,  a  symptomatology  has  grown  up,  and  even  sta- 
tistics have  been  amassed,  the  value  oT  which  may  be  estimated  from  the 
fact  that  in  one  modern  text-book  the  history  of  cerebral  congestion  has  been 
manifestly  written  from  cases  of  pure  hypochondriasis.  On  the  other  hand, 
partly  by  a  reaction  from  this  extreme,  some  have  doubted  even  the  possi- 
bility of  the  condition.  The  truth  lies  between  the  two  extremes,  but  its 
precise  position  will  be  long  undetermined.  Opportunities  of  ascertaining 
the  exact  pathological  condition  in  these  cases  are  very  rare,  and  even  if  no 
visible  lesion  is  found,  it  is  not  always  certain  that  the  symptoms  observed 
during  life  were  the  result  of  congestion.  Hence,  there  is  room  for  wide 
difference  of  opinion,  even  among  those  who  strive  to  keep  their  minds 
unbiased.  It  is  certain,  however,  that  the  cases  in  which  symptoms  of 
definite  character  and  considerable  degree  can  be  reasonably  ascribed  to  this 
cause  are  far  from  frequent. 

The  essential  pathological  condition  of  hypersemia  of  the  brain  is  an 
increase  in  the  amount  of  blood  within  its  capillaries.  This  may  occur 
because  there  is  too  much  blood  in  the  arteries,  or  too  much  in  the-  veins  ; 
in  the  former  case  more  blood  enters  the  capillaries,  in  the  latter 
too  little  leaves  them  ;  in  either  case  they  are  over-distended.  The  two 
conditions  differ  in  their  causes  and  symptoms ;  the  one  is  active,  the 
other  passive  congestion.  Neither  arterial  nor  venous  distention  can  exist 
without  a  corresponding  state  of  the  capillaries ;  to  the  capillary  hyperemia 
we  must  ascribe  the  disturbance  of  function,  and  hence  we  are  justified  in 
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regarding  it  as  the  essential  element  in  both  forms.  The  difference  between 
the  two  arises  from  the  character  of  the  blood  circulating  in  the  capillaries. 
In  the  one  case  the  supply  of  arterial  blood  to  these  vessels  is  excessive ;  in" 
the  other  it  is  deficient,  because  the  circulation  in  them  is  hindered.  Hence 
the  state  of  passive  congestion,  in  which  the  brain  is  under-supplied  with 
arterial  blood,  approaches  that  of  anaemia;  in  both  anaemia  and  passive 
congestion  there  is  anoxaemia,  but  in  passive  congestion  the  capillaries  con- 
tain blood  that  has  also  an  undue  amount  of  carbonic  acid. 

It  was  at  one  time  thought  that  the  blood  in  the  brain  could  not  vary  in 
amount  because  the  cranio-vertebral  cavity  is  a  closed  space,  and  this  opinion 
is  still  occasionally  put  forward.*  But  the  mobility  of  the  cerebro-spinal 
fluid  (which  occupies  not  only  the  inter-membranous  space  and  the  ventri- 
cles, but  also  the  lymphatic  spaces  around  the  vessels)  permits  the  vascular 
distention  to  vary.  If  the  cavity  were  hermetically  closed,  the  variation 
could  be  only  relative,  not  absolute.  But  the  numerous  foramina  of  the 
cranium  and  vertebral  canal  are  occupied  by  less  resistant  structures,  which 
no  doubt  may  yield  in  some  degree.  Moreover,  the  large  surface  veins  of 
the  spinal  cord,  and  still  more  the  enormous  plexus  outside  the  spinal  dura 
mater,  doubtless  constitute  an  important  means  of  adaptation.  Further, 
the  processes  of  secretion  and  absorption  of  the  cerebro-spinal  fluid,  always 
in  constant  operation,  must  be  influenced  by  the  degree  of  pressure,  and 
may  quickly  vary  with  it.  Although  the  conditions  during  life  and  after 
death  are  widely  different,  yet  we  may  reasonably  regard  the  enormous  varia- 
tions in  the  total  amount  of  blood  within  the  cranio-vertebral  canal  after 
death  in  different  cases,  as  evidence  that  considerable  variations  may  occur 
during  life.  Some  variation  is  physiological.  In  the  child,  before  the 
fontanelles  are  closed,  and  in  the  adult,  when  a  piece  of  the  skull  is  removed 
by  injury,  it  is  seen  that  the  brain  pulsates  synchronously  with  the  heart,  and 
that  variations  also  result  from  the  respiratory  movements  of  the  thorax. 
Tracings  of  these  movements  have  been  obtained. f 

Etiology. — The  causes  that  produce  active  and  passive  congestion  are 
widely  different,  and  require  separate  consideration.  Some  act  on  the 
brain  alone,  others  on  many  viscera  or  even  on  the  whole  vascular  system  ; 
some  are  transient,  others  are  permanent. 

Active  Congestion. — (i)  Over-action  of  the  heart  is  one  important  cause. 
Whatever  increases  the  force  of  the  heart  and  at  the  same  time  interposes  no 
obstacle  to  the  flow  of  blood  into  the  capillary  system,  is  a  cause  of  active 
distention  of  the  cerebral  vessels.  Excited  action  is  more  frequently  effect- 
ive than  hypertrophy,  because  the  common  cause  of  hypertrophy  is  an 
obstruction  between  the  heart  and  the  capillaries.  It  may  occur,  however, 
from  the  "hypertrophy  that  is  due  to  aortic  regurgitation,  when  obstruction 


*  See  Moxon's  Lectures,  Lancet,  i,  1881. 

f  In  an  operation  that  I  recently  witnessed  (removal  of  a  tumor  from  the  spinal  cord), 
before  the  dura  mater  was  opened  its  distention  with  every  movement  of  respiration  was 
most  conspicuous. 
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is  slight  or  absent.  "Idiopathic"  or  "  primary  hypertrophy  "  without  a 
mechanical  cause,  is  a  pathological  fiction.  (2)  A  sudden  contraction  of 
'the  arterioles  elsewhere,  as,  for  instance,  in  the  skin,  from  exposure  to  cold 
or  during  a  rigor,  may  cause  transient  overfilling  of  the  cerebral  vessels, 
together  with  those  of  other  viscera.  (3)  Dilatation  of  the  arterioles,  and 
consequently  an  increase  of  the  blood  supply,  may  be  produced  by  certain 
toxic  agents,  especially  by  nitrite  of  amyl,  nitro-glycerine,  and  alcohol. 
The  throbbing  and  headache  produced  by  nitrite  of  amyl,  seems  in 
itself  to  prove  the  possibility  of  active  congestion  of  the  brain.  Morphia 
causes  first  contraction  and  then  dilatation.  Some  of  these' agents  also 
quicken  the  action  of  the  heart,  and  may  thus  further  increase  the  blood 
supply.  Emotion  may  have  the  same  influence,  although  the  evidence  of 
this  is  inconclusive.*  In  some  diseases  a  similar  mechanism  gives  rise  to  con- 
gestion. In  exophthalmic  goitre,  for  instance,  vascular  dilatation  is  associ- 
ated with  cardiac  over-action.  In  other  peculiar  states  of  the  nervous  system, 
especially  in  young  neurotic  persons,  singular  conditions  occur,  sometimes 
periodically,  in  which  there  are  symptoms  of  vasomotor  paralysis  of  the 
cerebral  vessels,  without  other  cause  than  the  peculiar  neuropathic  dis- 
position, and  the  tendency  to  such  disturbance  is  sometimes  distinctly 
inherited.  (4)  Active  congestion  occurs  also  as  the  first  stage  of  inflam- 
mation. Acute  symptoms  are  occasionally  met  with  in  children,  and 
less  frequently  in  adults,  resembling  those  of  the  early  stage  of  meningitis 
or  acute  cerebritis,  and  may  quickly  cause  death.  Traces  of  congestion  are 
found,  but  no  evidence  of  actual  inflammation.  The  immediate  cause  of 
the  condition  is  often  obscure  ;  excessive  brain  work,*  or  exposure  to  cold, 
has  been  supposed  to  produce  it  in  some  cases.  There  is  no  justification, 
however,  for  referring  all  sudden  cerebral  symptoms  in  children  to  conges- 
tion. Convulsions,  for  instance,  were  once  thought  to  be  always  due  to  this, 
but  there  is  reason  to  believe  that  they  are  very  rarely  thus  produced. 
(5)  Insolation  is  probably  a  cause  of  active  congestion,  which  may  or  may 
not  go  on  to  inflammation.  The  modern  theory,  which  regards  the  so- 
called  sunstroke  as  really  heat-stroke,  the  result  of  the  overheating  of  the 
body  and  not  of  the  action  of  the  sun  on  the  head,  is  probably  too  sweep- 
ing. The  delirium  of  acute  febrile  diseases  was  formerly  attributed  to  con- 
gestion of  the  brain,  but  it  is  more  probable  that  the  cerebral  disturbance  is 
the  result  of  the  action  of  the  altered  blood  on  the  cells  of  the  brain,  and 
that  any  congestion  is  of  secondary  origin.  (6)  Active  congestion  is  sup- 
posed to  be  a  cause  of  transient  general  cerebral  symptoms  in  adults,  espe- 
cially after  middle  life  and  in  the  male  sex.  It  is  believed  to  be  frequent  in 
those  of  a  certain  build,  stout  men  with  thick  necks  and  florid  face,  and  to 
be  favored  by  alcoholic  excess,  and  by  the  condition  termed  "plethora," 
which,  perhaps,  consists  in  an  increase  in  the  total  quantity  of  blood  in  the 


*  The  pulsation  of  the  brain,  observed  in  persons  who  have  lost  a  piece  of  the  cranial 
bone,  is  said  to  be  increased  by  both  intellectual  work  and  emotion  (Mosso,  "  Reale.  Acad, 
dei  Lincei,"  Roma,  1880). 
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system.  The  symptoms  come  on  suddenly,  and  pass  away  in  a  manner  that 
renders  it  difficult  to  ascribe  them  to  an  organic  lesion,  and  in  rare  cases  the 
absence  of  such  lesion  has  been  demonstrated.  They  are  said  sometimes  to 
follow  the  suppression  of  an  habitual  discharge,  especially  hemorrhage,  as 
from  piles  or  the  catamenia  in  women. 

Partial  active  congestion  occurs  in  connection  with  tumors  and  other 
organic  lesions  of  the  brain,  and  also  when  an  artery  is  obstructed,  and  the 
adjacent  branches  of  the  main  vessel  receive  too  much  blood.  It  is  possible 
that  partial  congestion  occurs  as  a  primary  condition,  especially  in  certain 
parts  of  the  brain,  in  which  limited  inflammation  is  occasionally  met  with  ; 
but  such  inflammation  (as  of  the  gray  matter  of  the  ocular  nerves)  is  rare, 
and  congestion  must  be  still  more  rare.  Acute  congestion  of  the  medulla 
oblongata  has  been  supposed  to  be  an  occasional  cause  of  sudden  death  in 
young  children,  but  if  this  agency  is  really  at  work  in  these  cases,  its  causes 
are  altogether  unknown. 

Passive  congestion  is  always  produced  mechanically  by  some  obstruction  to 
the  return  of  blood.  It  occurs  in  such  heart  disease  as  causes  overfilling  of 
the  venous  system,  although  the  head  suffers  less  than  parts  that  are  below 
the  level  of  the  heart.  It  is  produced  also  by  pressure  on  the  superior  vena 
cava,  or  on  the  innominate  veins,  or  on  the  veins  of  the  neck,  by  tumors, 
etc.  The  obstruction  to  the  flow  of  blood  through  the  lungs  occasioned  by 
the  act  of  coughing,  playing  wind  instruments,  and  by  other  severe  muscular 
efforts  with  closed  glottis,  is  a  frequent  cause.  Slight  congestion  is  often 
produced  by  wearing  tight  collars.  In  death  by  suffocation  it  occurs  in  very 
intense  degree.  The  horizontal  posture  probably  suffices  to  produce  some- 
degree  of  congestion,  the  venous  blood  losing  the  aid  that  gravitation  gives 
to  its  return,  and  recumbency  may  intensify  the  influence  of  other  causes. 
Partial  passive  congestion  also  results  from  pressure  on,  or  thrombosis  in, 
one  of  the  cerebral  veins  or  sinuses. 

Pathological  Anatomy. — In  the  strict  sense  of  the  word,  there  is  scarcely 
any  pathological  anatomy  of  congestion  of  the  brain.  Simple  active  con- 
gestion disappears  after  death  in  every  organ.  No  trace  can  be  seen,  for 
instance,  of  the  congested  areola  around  a  pustule  in  the  skin.  Only  the 
vascular  distention  of  actual  inflammation  persists,  lessened  in  degree.  The 
lesson  of  general  pathology  is,  therefore,  that  whenever  we  find  after  death 
distention  of  the  minute  vessels,  without  engorgement  of  the  veins,  the  con- 
dition must  be  regarded  as  one  of  commencing  inflammation,  and  not  of 
mere  congestion.  Nor  is  the  case  otherwise  with  passive  congestion.  Intense 
passive  congestion  occurs  during  death  from  suffocation,  and  yet  the  brain 
may  be  found  anaemic  after  death  (Ackermann,  Jolly).  But  intense  venous 
distention  occurs  after  death  in  those  parts  toward  which  gravitation  draws 
the  blood,  and  hence  in  the  posterior  half  of  the  head,  when  this  is  not 
raised  after  death.  The  influence  of  gravitation  may  keep  the  blood  in  the 
vessels  of  congested  parts,  but  it  is  never  possible  to  distinguish  the  influ- 
ence of  the  ante-mortem  distention  in  the  presence  of  the  more  powerful 
post-mortem  effect.     If  mechanical  congestion  has  occurred,  not  merely 
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during  the  act  of  death,  but  for  many  hours  or  days  previously,  and  gravitation 
keeps  up  the  engorgement  after  death,  the  distention  of  the  veins  and  capil- 
laries is  very  intense ;  the  color  of  the  gray  substance  is  dark,  from  the  more 
abundant  capillaries  in  it,  and  even  the  arteries  may  contain  a  good  deal  of 
blood.  But  if  the  body  is  so  placed  after  death  that  the  blood  can  gravitate 
from  the  head  into  the  relaxed  vessels  elsewhere,  no  amount  of  mechanical 
congestion  during  life  can  be  traced  twelve  hours  after  death.  It  is  said 
that  after  long-continued  mechanical  congestion  the  veins  are  unduly  tor- 
tuous, but  it  is  doubtful  whether  sufficient  allowance  has  been  made  for  the 
degree  of  tortuosity  that  may  be  present  under  normal  conditions,  and  for 
the  influence  of  senile  changes  in  the  wall  of  the  vessels.  A  slight  degree  of 
effusion  into  the  ventricles  probably  results  from  passive  congestion,  but  it 
is  doubtful  whether  this  is  ever  sufficient  to  cause  flattening  of  the  convolu- 
tions, and  still  more  doubtful  is  the  occurrence  of  such  swelling  of  the  whole 
brain  as  to  cause  flattening,  or  of  any  general  "  hypertrophy  "  or  atrophy 
which  have  been  said  to  occur.  It  is  probable,  however,  that  the  spaces 
around  the  vessels,  which  arise  by  a  dilatation  of  the  perivascular  sheaths, 
are  increased  by  mechanical  congestion,  although  here  again,  apart  from 
congestion,  the  variations  met  with  are  so  great,  and  the  size  of  these  spaces 
is  often  so  considerable,  that  the  influence  of  congestion  upon  them  cannot 
be  regarded  as  proved.  Even  in  young  persons  their  size  is  sometimes  con- 
siderable. Microscopical  examination  shows  the  capillaries  to  be  unduly 
large  in  passive  congestion,  and  it  is  probable  that  systematic  measurement 
would  show  that,  after  long-continued  congestion  during  life,  their  average 
size  is  larger  than  in  simple  post-mortem  engorgement.  Bulgings  of  the 
capillaries  have  been  occasionally  seen.  After  asphyxial  modes  of  death  it 
is  common  to  find  that  minute  vessels  here  and  there  have  given  way,  so 
that  the  lymphatic  sheath  is  filled  with  blood.  Blood  pigment  in  the  sheaths 
has  been  found  in  cases  of  slighter  long-continued  congestion  (Bastian). 
Lastly,  minute  microscopic  hemorrhages  into  the  cerebral  substance  may  be 
found  almost  constantly  in  these  cases. 

While  the  pathological  anatomy  of  congestion  is  thus  to  a  considerable 
extent  negative,  it  is  important  to  point  out  that  this  affords  no  reason  for 
doubting  the  occurrence  of  the  condition,  since  in  other  parts  -conspicuous 
congestion  during  life  may  leave  no  trace. 

Symptoms.— The  introductory  remarks  show  how  great  is  the  difficulty  of 
determining  the  symptoms  of  cerebral  congestion,  and  how  much  caution  is 
desirable  in  accepting  the  statements  that  have  been  made,  founded  for  the 
most  part  on  an  elaborate  symptomatology  that  was  formulated  by  Andral. 

Passive  Congestion. — The  symptoms-  produced  by  passive  congestion  are 
much  more  marked  when  this  is  occasional,  than  when  it  is  constant,  uni- 
form, and  gradually  produced.  This  is  only  one  instance  of  the  remarkable 
tolerance  of  the  brain  to  pressure  if  slowly  developed.  A  slight  degree 
of  mechanical  congestion  causes  dull  headache,  chiefly  frontal,  sometimes 
throbbing,  and  sometimes  accompanied  by  vague  discomfort,  described  by 
some  patients  as  a  "  confused  feeling,"  by  others  as  a  "sense  of  fullness." 
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This  congestive  headache  is  often  produced  by  coughing.  I  have  known  a 
patient  suffering  from  phthisis  to  seek  relief,  not  on  account  of  the  cough, 
but  on  account  of  headache  which  was  solely  due  to  the  cough.  When 
intense  and  sudden,  flashes  of  light  may  be  observed  ;  noises  in  the  ears  are 
much  less  common.  Slight  general  convulsion  may  even  result,  usually  con- 
sisting only  of  clonic  spasm,  and  then  there  may  or  may  not  be  loss  of  con- 
sciousness. An  elderly  man,  with  chronic  bronchitis  and  emphysema,  had 
severe  paroxysms  of  coughing,  and  the  acme  of  each,  when  his  face  was 
dusky,  was  attended  with  a  brief  attack  of  general  clonic  spasm,  without  any 
loss  of  consciousness.  Occasionally  the  convulsion  is  epileptoid  in  its  char- 
acter. Sometimes  there  is  loss  of  consciousness  without  convulsion.  In 
more  persistent  mechanical  congestion  there  may  be  somnolence,  besides 
headache,  and  the  vague  cerebral  discomfort  already  described.  Sleep  may 
be  disturbed  by  dreams  or  starts,  or  by  nocturnal  delirium.  Sleeplessness  is 
rare.  Vague  giddiness  is  often  complained  of,  but  there  is  seldom  distinct 
vertigo.  The  mind  is  inactive.  Tingling  in  the  limbs,  chiefly  in  the  ex- 
tremities, has  been  ascribed  to  passive  congestion.  There  may  be  some 
general  lack  of  muscular  power,  but  it  is  doubtful  whether  unilateral  symp- 
toms ever  occur. 

With  these  symptoms  are  commonly  associated  the  signs  of  general  ceph- 
alic hyperemia,  a  turgid  face,  and  congested  conjunctiva,  often  with  viscid 
secretion.  The  symptoms  are  increased  by  constipation,  by  stooping,  by 
the  recumbent  posture  with  the  head  low,  by  tight  clothes  about  the  neck, 
by  flexion  of  the  neck,  and  by  all  muscular  effort. 

Active  Congestion. — The  symptoms  of  active  congestion  are  much  more 
variable  and  much  less  certain.  Simple  excitement  of  the  heart's  action, 
such  as  results  from  emotions,  or  from  nitrite  of  amyl,  will  cause  throbbing 
and  pain  in  the  head,  but  in  persistent  over-action  of  the  heart,  as  in  exoph- 
thalmic goitre  or  aortic  regurgitation  with  hypertrophy,  cerebral  symptoms 
are  slight  or  absent. 

The  cases  in  which  definite  and  considerable  disturbance  can  be  referred, 
with  most  probability,  to  active  congestion,  are  those  in  which  there  are 
recurring  paroxysms  of  headache,  delirium,  and  sometimes  fever,  preceded 
by  throbbing  of  the  vessels,  and  sometimes  by  reddening  of  the  face — 
symptoms  of  transient  character  and  uniform  recurrence.  Thus  in  a  case 
related  by  Nothnagel,*  a  man,  aged  fifty-seven,  had  suffered  from  such 
attacks  at  intervals  of  a  few  weeks  or  months  since  the  age  of  fourteen.  At 
first  there  was  only  a  sense  of  fullness,  heat,  and  pain  in  the  head,  always 
relieved  by  bleeding  at  the  nose.  Afterward  each  attack  began  with  beat- 
ing of  the  heart,  heat  of  head,  spots  before  the  eyes,  and  noises  in  the  ears; 
these  symptons  were  followed  by  mental  excitement  and  irritability,  screams 
and  tears,  but  no  actual  delusions.  This  condition  would  last  a  few  hours 
or  a  few  days,  but  was  always  at  once  cut  short  by  venesection.  In  the 
intervals  he  was  perfectly  well. 


*  Ziemssen's  Cyclopmdia,  Bd.  xi,  I,  2  Aufl.,  p.  49. 
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Brief  attacks  of  headache  with  delirium  may  be  attended  with  fever  and 
special  heat  of  head,  and  have  been  regarded  as  a  febrile  form  of  cerebral 
congestion.  Whatever  difficulty  there  maybe  in  accepting  this  explanation 
of  such  cases,  it  is  at  present  very  difficult  to  find  any  other,  especially 
when  the  attacks  are  brief  and  recur.  Well-marked  instances  are  occasion- 
ally seen  in  children.  Thus  a  clever,  precocious  girl  of  six  had  been  liable, 
since  the  age  of  two,  to  attacks  of  the  following  character,  recurring  at 
intervals  of  three  to  nine  months.  There  was  severe  left-sided  headache, 
prostration,  and  elevation  of  temperature,  reaching  sometimes  1030,  great 
heat  of  head,  occasionally  delirium,  and  often  nausea,  but  no  vomiting. 
Each  attack  commenced  suddenly,  lasted  a  few  hours,  and  then  the  child 
went  to  sleep  and  woke  up  perfectly  well.  There  is  some  reason  to  think 
that  such  attacks  in  childhood  may  pass  into  non -febrile  migraine  at  a  later 
period.  Whether  they  are  to  be  ascribed  to  a  primary  vasomotor  disturb- 
ance or  to  a  "  nerve  storm,"  the  opinion  that  an  active  cerebral  congestion 
takes  at  least  a  secondary  part  in  the  morbid  process  may  reasonably  be 
maintained  and  cannot  be  disproved.  In  some  cases  of  migraine  there  is 
evidence  of  active  hyperemia  of  the  brain  during  part  of  the  attack,  but  it 
is  probable  that  this  is  of  secondary  origin.  The  brief  attacks  of  coma, 
pyrexia,  heat  of  head,  and  other  cerebral  symptoms,  which  occur  during  the 
course  of  general  paralysis  of  the  insane,  are  commonly  regarded  as  of  con- 
gestive nature. 

Acute  symptoms  of  brain  disturbance  in  children,  resembling  those 
of  meningitis — headache,  delirium  or  somnolence,  vomiting,  strabismus, 
inequality  of  pupil,  various  contractions  and  paralyses,  and  a  prominent 
fontanelle — are  sometimes  rapidly  fatal  without  any  post-mortem  evidence 
of  active  inflammation.  If  congestion  of  the  brain  is  the  cause  of  these 
symptoms  it  is  probably  that  which  constitutes  the  first  stage  of  inflam- 
mation. 

The  most  common  severe  attacks  that  are  ascribed  to  cerebral  congestion 
are  those  which  occur  in  the  second  half  of  life,  and  are  attended  with  sud- 
den loss  of  consciousness  (the  so-called  "congestive  apoplexy"),  and 
sometimes  by  transient  hemiplegia,  passing  away  in  the  course  of  a  few 
days.  The  congestive  nature  of  many  of  these  cases  is  more  than  doubtful. 
We  know  that  an  actual  lesion  may  occur  in  many  parts  of  the  brain, 
a  small  hemorrhage,  or  a  spot  of  softening,  and  may  cause  only  gen- 
eral cerebral  symptoms,  or  local  symptoms  of  indirect  origin  and  very 
brief  duration.  We  know,  too,  that  vascular  obstruction  may  occur 
and  cause  no  lasting  symptoms,  because  there  may  be  sufficient  anas- 
tomoses to  permit  of  an  adequate  collateral  circulation.  It  is  in  these 
cases  that  the  facility  and  reassuring  character  of  the  diagnosis  of 
"congestion  of  the  brain"  often  tempts  the  physician  to  an  opinion  that 
is,  if  not  erroneous,  at  least  unwarranted.  But  when  the  attack  is  brief, 
passes  away  completely,  is  attended  with  the  signs  of  what  is  termed  "  ple- 
thora," and,  especially  when  it  recurs  more  than  once,  still  without  enduring 
symptoms,  the  diagnosis  of  cerebral  congestion  is  at  least  permissible,  and  it 
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is  certain  that,  in  many  cases  of  the  kind,  no  lesion  has  been  found  after 
death  to  account  for  the  symptoms.  It  is  commonly  held,  and  must  be 
admitted  as  possible,  that  cerebral  congestion  may  cause  these  symptoms, 
when  there  are  no  signs  of  plethora  or  of  hyperemia  of  the  external  vessels 
of  the  head,  and  even  no  pallor  of  the  face,  but  still  greater  caution  should 
be  exercised  in  making  the  diagnosis  in  such  patients.  As  an  instance  of  the 
condition  in  which  the  diagnosis  seemed  justifiable,  I  may  mention  the  case 
of  a  stout,  full-blooded  man,  about  fifty-five,  with  a  large,  strongly-acting 
heart  and  some  arterial  degeneration,  who,  during  the  preceding  year,  had 
had  several  attacks  of  left-sided  weakness,  each  lasting  only  a  few  hours  ;  the 
first  was  attended  with  loss  of  consciousness.  The  day  before  I  saw  him,  he 
complained  of  tingling  in  both  hands,  and  a  few  hours  later  vomited,  went 
to  bed,  and  passed  a  stool  into  the  bed ;  then  he  got  up  and  got  into  bed 
again.  His  temperature  was  found  to  be  1020 ;  he  did  what  he  was  told, 
and  answered  questions,  but  with  imperfect  articulation.  During  the  next 
twenty-four  hours  he  did  not  speak,  but  was  restless,  tossing  about  in  bed, 
sweating  profusely,  with  a  fall  of  temperature  to  100. 50.  His  pulse  was  80, 
full,  but  not  hard,  face  flushed,  pupils  rather  small.  He  understood  imper- 
fectly what  was  said  to  him.  There  was  no  evidence  of  loss  of  power  or 
sensation.  The  symptoms  all  passed  away  in  the  course  of  a  few  days  with- 
out the  slightest  indication  of  a  local  cerebral  lesion. 

There  is  much  difficulty  in  reconciling  bemiplegic  symptoms  with  the  idea 
of  congestion  as  their  cause.  In  the  vasomotor  inertia  of  the  old,  the 
occurrence  of  active  congestion  of  any  part  is  not  easy  to  understand 
'(although  not,  therefore,  to  be  denied),  but  it  is  even  less  easy  to  understand 
that  one  hemisphere  of  the  brain  alone  should  suffer.  It  is  possible,  how- 
ever, that  an  explanation  may  be  found  in  partial  arterial  degeneration, 
which  may  determine  the  greater  or  less  disturbance  of  one  part  of  the  brain. 
A  "convulsive  form"  of  cerebral  congestion  has  been  described,  in  which 
severe  epileptiform  convulsions  are  the  only  symptom.  But  the  relation  of 
these  to  cerebral  congestion  is  very  doubtful.  Formerly,  as  already  men- 
tioned, almost  all  convulsions  in  young  children  were  ascribed  to  cerebral 
congestion,  but  it  is  certain  that  simple  convulsions  from  this  cause  are,  to 
say  the  least,  extremely  rare. 

It  is  doubtful  whether  any  form  of  cerebral  congestion  is  attended  by 
recognizable  changes  in  the  circulation  within  the  eye. 

Diagnosis. — The  most  important  principles  of  diagnosis  have  been  already 
incidentally  mentioned.  The  chief  points,  disregard  of  which  causes  the 
grossest  errors  of  diagnosis,  are  two :  (1)  Persistent  focal  symptoms,  such  as 
hemiplegic  weakness,  however  slight,  exclude  mere  congestion.  (2)  Cephalic 
sensations  of  vague  or  definite  character  are  alone  of  no  diagnostic  value. 
Such  sensations  are  especially  common  in  hypochondriacal  patients,  who 
often  suffer  much  from  various  feelings  of  fullness,  tightness,  heat,  burning, 
and  especially  from  a  sensation  of  pressure  on  some  part  of  the  head,  gen- 
erally the  vertex.  These  sensations  are  intensified  by  annoyance  and  by 
brain  work,  and  are  vastly  increased  by  attention.     They  are  purely  nervous 
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sensations,  pseudo-neuralgic  in  nature,  and  there  is  not  the  slightest  justifica- 
tion for  attributing  th'em  to  congestion  of  the  brain.  And  yet  such  patients, 
if  they  consult  many  doctors,  as  they  usually  do,  are  sure  to  be  told  by  some 
that  their  symptoms  are  due  to  congestion  of  the  brain,  or  even  (with  a  pre- 
cision that  is  evidence  only  of  profound  ignorance  or  of  actual  charlatanry) 
to  "congestion  of  the  base  of  the  brain,"  a  condition  that  probably  never 
exists  but  in  pathological  imagination. 

Prognosis. — The  danger  to  life  in  cerebral  congestion  is  indicated  only 
by  the  intensity  of  the  symptoms.  When  these- are  very  intense,  and  actual 
coma  is  present,  there  may  be  danger,  but  in  most  cases  the  symptoms  pass 
away  completely.  They  are  prone  to  recur.  The  future  prognosis  is  hence 
uncertain,  and  depends  chiefly  on  the  extent  to  which  the  cause  can  be  dis- 
covered and  removed. 

Treatment. — In  passive  congestion  the  only  effective  treatment  is  the 
removal  of  the  causes  of  the  mechanical  obstruction.  These  are,  unfortu- 
nately, for  the  most  part  beyond  our  control.  Cough,  however,  can  be 
moderated ;  the  heart,  if  necessary,  strengthened  by  digitalis ;  and  in  all 
cases  many  intensifying  influences  can  be  lessened.  Effort  should  be  avoided ; 
the  clothes  should  be  loose  about  the  neck;  the  patient  should  sleep  with 
head  well  raised  and  the  shoulders  also  raised,  so  as  to  avoid  any  flexion  of 
the  neck. 

In  active  congestion  a  similar  attention  to  posture,  etc.,  is  desirable,  so  as  to 
obviate  any  hindrance  to  the  escape  of  the  blood  from  the  over-filled  capil- 
laries. In  other  respects  the  treatment  must  be  varied,  according  to  the 
individual  condition.  Its  immediate  object  is  to  lessen  the  amount  of  blood" 
in  the  cerebral  arteries,  and  there  are  three  modes  in  which  this  may  be 
attempted:  (i)  by  lessening  the  total  volume  of  the  blood  ;  (2)  by  obtain- 
ing the  dilatation  of  vessels  elsewhere,  and  so  drawing  the  blood  from  the 
head  ;  (3)  by  causing  the  dilated  cerebral  arteries  to  contract.  Some  of  the 
measures  employed  act  in  more  than  one  way. 

The  most  direct  mode  of  lessening  the  volume  of  the  blood,  venesection, 
is  applicable  only  to  the  plethoric  form  of  congestion,  in  which  the  face  is 
red  and  turgid,  and  the  pulse  is  full.  The  relief  that  it  affords  is  immediate 
and  great.  If  the  propriety  of  venesection  is  doubtful,  leeches  may  be 
applied,  and  in  children  this  method  alone  is  permissible.  The  leeches 
should  be  applied  over  the  mastoid  process,  because  there  is  a  communica- 
tion between  the  cutaneous  and  intracranial  vessels  through  the  mastoid  veins. 
Thus  we  may  follow  the  indication  that  is  given  by  nose  bleeding,  which 
often  gives  striking  relief  to  cerebral  congestion  and  has  a  more  direct  influ- 
ence on  the  cerebral  circulation  than  any  other  hemorrhage.  The  induction 
of  nose  bleeding  is  impracticable  on  account  of  the  difficulty  of  controlling 
the  flow  of  blood. 

Purgation  and  diuresis  both  act  by  diminishing  the  volume  of  the  blood, 
and  the  former  at  least  acts  also  by  increasing  the  amount  of  blood  in  the 
capacious  intestinal  vessels,  while  both  alter  the  constitution  of  the  blood  by 
removing  from  it  effete  products.     The  degree  of  purgation  must  depend  on 
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the  strength  of  the  patient,  but  in  all  cases  it  is  important  that  the  bowels 
should  be  opened,  freely  or  gently.  Constipation  causes  in  some  way  cephalic 
discomfort,  headache,  etc.,  and  intensifies  the  symptoms  of  cerebral  conges- 
tion. A  saline  purge  is  the  most  effective,  with  or  without  a  preceding  mer- 
curial. The  saline  should  not  be  too  much  diluted,  and  thus  a  maximum 
osmotic  action  may  be  obtained.  Both  the  liquid  evacuations,  and  the 
thirst  which  follows  the  action  of  the  purgative,  afford  proof  of  the  removal 
of  liquid  from  the  blood.  Diuretics  are  also  distinctly  useful.  A  full  dose 
of  nitric  ether  and  spirit  of  juniper  may  be  given  every  three  or  four  hours. 
Diaphoretics  are  of  doubtful  value,  except  when  the  symptoms  follow  expo- 
sure to  cold.  Except  pilocarpine,  which  has  not  yet  been  tried  in  this  affec- 
tion, a  hot-air  bath  is  the  only  effectual  diaphoretic,  and  this,  by  raising  the 
temperature  of  the  whole  body,  may  have  a  prejudicial  action.  In  all  morbid 
states  due  to  cold,  early  diaphoresis  is  most  useful,  but  it  is  doubtful  whether 
cerebral  congestion  occurs  from  this  cause. 

Blood  may  be  drawn  to  the  limbs  by  immersing  them  in  warm  water  and 
keeping  them  dependent.  Even  in  health,  faintness  may  be  produced  by 
the  long  immersion  of  the  feet  in  hot  water.  "  Junod's  boot,"  in  which 
the  air  is  partially  exhausted  aiound  a  limb,  was  formerly  employed  with  this 
object,  but  has  fallen  into  almost  entire  disuse.  Gentle  constriction  of  the 
limbs,  so  as  to  compress  the  surface  veins,  but  not  the  deeper  arteries,  has  a 
similar  effect. 

The  third  object  of  treatment  is  to  obtain  contraction  of  the  arteries  of 
the  brain.  It  is  unfortunately  never  possible  to  ascertain  to  what  degree 
this  object  is  attained,  and  we  can  only  adopt  those  measures  that  seem  most 
likely  to  secure  it.  One  of  these  is  the  application  of  cold  to  the  head. 
This  should  be  continuous,  by  ice  or  an  irrigation -tube  cap.  A  mustard 
plaster  to  the  neck  is  also  probably  of  service.  The  application  of  mustard 
plasters  to  the  limbs  is  of  doubtful  value ;  it  is  possible  that,  as  some  think, 
they  may  cause  a  reflex  contraction  of  the  cerebral  arteries,  but  their  sup- 
posed "derivative"  influence  in  drawing  blood  to  the  surface  must  be 
infinitesimal  unless  the  application  is  made  over  a  very  large  area.  It  is 
uncertain,  also,  how  far  pathological  dilatation  of  the  vessels  of  one  part  can 
be  influenced  by  drugs.  Ergot,  for  instance,  probably  would  have  less 
influence  on  the  vessels  that  are  in  a  morbid  state  than  on  those  elsewhere, 
and  it  might  thus  increase  the  congestion.  Digitalis  may  be  beneficial,  but 
rather  on  account  of  its  influence  on  the  heart  than  on  the  vessels.  It  is 
most  important  to  maintain  the  circulation  as  steady  and  uniform  as  pos- 
sible. For  this  end  perfect  tranquillity  of  mind  and  body  should  be  secured. 
Alcohol  and  morphia  should  be  avoided,  and  insomnia  or  restlessness  treated 
with  bromide. 
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CEREBRAL  HEMORRHAGE. 

Hemorrhage  may  occur  into  the  substance  or  cavities  or  membranes  of 
the  brain.  The  term  "  cerebral  hemorrhage  "  is  sometimes  used  as  a  gen- 
eral designation  for  all  intracranial  extravasation ;  sometimes  it  is  applied 
only  to  hemorrhage  into  the  substance  of  the  brain  (including  the  cerebel- 
lum, pons  and  medulla),  and  is  distinguished  from  "meningeal  hemor- 
rhage," in  which  the  extravasation  is  into  the  membranes  of  the  brain. 

Etiology. — Hemorrhage  is  always  due  to  the  rupture  of  a  vessel.  The 
rupture  may  be  the  result  of  injury,  or  may  occur  "  spontaneously,"  i.e.,  as 
a  result  solely  of  internal  causes.  The  vessel  that  bursts  is  usually  an  artery, 
very  rarely  a  vein.  Capillaries  may  also  rupture,  but  only  a  minute  extra- 
vasation results. 

The  causation  of.  cerebral  hemorrhage  includes  three  subjects :  (i)  the 
immediate  pathological  conditions  that  lead  to  the  rupture;  (2)  the  influ- 
ences that  bring  about  this  pathological  condition ;  and  (3)  those  that 
actually  burst  the  vessel.  These  may  be  distinguished  as  the  pathological, 
remote,  and  exciting  causes. 

Pathological  Causes. — Putting  aside  traumatic  influences,  the  force  that 
ruptures  an  artery  is  the  pressure  of  the  blood  within  it.  But  as  long  as  the 
walls  of  an  artery  are  in  a  healthy  state,  they  very  rarely  give  way,  however 
great  may  be  the  pressure  to  which  they  are  exposed.  Healthy  veins  may 
give  way  under  extreme  pressure,  as  in  death  by  suffocation,  but  arteries  do 
so  seldom,  perhaps  never.  When  an  artery  ruptures,  it  is  because  the  walls 
are  so  changed  as  to  be  weakened.  The  weakened  wall  may  give  way  with- 
out any  abnormal  degree  of  pressure,  but  if  the  pressure  is  increased  the 
weakened  wall  gives  way  the  more  readily.  The  two  factors,  weakening  of 
wall  and  increase  of  blood  pressure,  often  coincide,  but  without  doubt  the 
state  of  the  vessel  is  incomparably  the  more  important  of  the  two,  rarely  if 
ever  absent,  and  an  effective  cause  of  rupture  when  the  blood  pressure  is 
normal. 

When  the  wall  of  an  artery  is  weakened,  it  yields  before  the  blood  pres- 
sure and  becomes  bulged.  By  the  extension  it  is  thinned,  and  thus  weak- 
ened, until  it  gives  way.  The  bulging  constitutes  an  aneurism.  The  large 
arteries  at  the  base  or  on  the  surface  of  the  brain  are  occasionally  thus 
dilated  and  thus  burst.  These  aneurisms  and  their  consequences  are  con- 
sidered in  detail  at  another  page.  They  are,  on  the  whole,  rare.  The  ves- 
sels that  give  way  in  the  common  form  of  cerebral  hemorrhage  are  of  much 
smaller  size,  and  are  in  the  substance  of  the  brain.  In  these  arteries,  as  in 
those  of  larger  size,  bulging  precedes  bursting,  and  the  rupture  is  of  the  wall 
of  a  minute  aneurism.  Such  "  miliary  aneurisms,"  as  they  are  termed,  are 
always  to  be  found  in  cases  of  cerebral  hemorrhage.  Their  constancy  was 
proved  by  Charcot  and  Bouchard,  who  found  them  in  each  of  seventy-seven 
consecutive  cases.  They  are  to  be  discovered  by  washing  away  the  cerebral 
substance  under  water,  and  carefully  picking  out  the  tiny,  thread-like  vessels  . 
that  remain.  On  these  little  red  grains  are  seen,  which  a  low  magnifying 
power  shows  to  be  minute  aneurisms  (Fig.   284).     Their  size  varies  from 
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.Outline  of  miliary  aneurisms  from  the  brain  in  a  case 
of  hemorrhage ;  magnified.     {After  Eichhorst.) 


TP  t0  ts  of  an  inc]l-  As  many  as  a  hundred  have  been  found  in  a  single 
brain.  They  are  met  with  almost  exclusively  in  the  second  half  of  life,  and, 
although  once  found  in  a  patient  only  twenty  years  old,  they  are  as  rare  under 
forty   as    is   cerebral    hemorrhage. 

Their    frequency    after    forty    in-  Fig.  284. 

creases  with  age.  The  order  of 
frequency  with  which  they  are 
found  in  different  parts  of  the 
brain  is,  according  to  Charcot  and 
Bouchard,  central  ganglia,  cortex, 
pons,  cerebellum,  centrum  ovale, 
middle  cerebellar  peduncle,  crus 
cerebri,  medulla  oblongata — an  or- 
der which  is  not  far  from  that  of 
hemorrhage.  In  the  aneurisms,  the 
muscular  coat  of  the  vessel  has  dis- 
appeared, the  adventitia  and  intima  are  united.  The  change  is  said  to  com- 
mence by  the  production  of  new  tissue  elements  in  the  outer  coat  (Charcot 
and  Bouchard)  or  in  the  inner  coat  (Zenker),  and  is  called  an  "  arteritis  " 
(periarteritis  or  endarteritis),  but  the  evidence  of  its  inflammatory  nature 
seems  insufficient  to  justify  the  term.  No  doubt  the  effective  element  in  the 
change  is  the  loss  of  the  contractile  and  elastic  elements  in  the  coat ;  in  con- 
sequence of  this  it  yields  more  and  more  to  the  pressure  of  the  blood,  any 
new  tissue  elements  that  are  formed  being  extensible  and  inelastic. 

The  common  change  in  the  large  vessels  termed  "atheroma"  has  only 
an  indirect  connection  with  hemorrhage.  Atheroma  does  not  affect  the 
small  vessels  within  the  brain,  and  although  it  renders  the  wall  of  the  vessel 
inelastic,  it  also  renders  it  thicker  and  less  distensible  than  normal.  Both 
the  miliary  aneurisms  and  atheroma  are  senile  changes,  and  often  coexist, 
but  each  may  be  found  without  the  other  ;*  atheroma  often  exists  in  high  ' 
degree  without  hemorrhage,  and  the  latter  may  occur  when  the  vessels  of 
the  base  are  perfectly  healthy.  Nothnagel  has  suggested  that  atheroma  of 
the  larger  vessels  may  facilitate  the  production  of  miliary  aneurisms  by 
increasing  the  force  and  suddenness  of  the  pulse-wave  that  reaches  the 
smaller  arteries,  the  larger  vessels  no  longer  yielding  to  the  pressure. 

Miliary  aneurisms  are  far  more  frequent  in  the  brain  than  elsewhere,  first, 
because  the  external  support  of  the  cerebral  arteries  is  slight,  in  consequence 
of  the  wasting  of  the  brain  tissue  around  them  ;  secondly,  because  the  strain 
to  which  the  vessels  are  exposed  is  greater  than  in  other  arteries  of  the  same 
size,  in  consequence  of  their  origin  directly  from  large  trunks  ;  the  pressure 
elsewhere  being  more  gradually  lessened  by  more  gradual  branching.  Both 
these  conditions  will  facilitate  not  only  the  production  of  aneurisms,  but  also 
their  rupture. 

Remote  Causes. — Hereditary  predisposition  is  sometimes  very  marked,  and 

*  Charcot  and  Bouchard  found  atheroma  absent  in  one-quarter  of  the  cases  of  miliary 
aneurisms. 
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doubtless  consists  in  a  tendency  to  the  occurrence  of  the  vascular  change. 
The  influence  of  heredity  is  shown  not  only  by  the  frequency  of  the  occur- 
rence of  cerebral  hemorrhage  in  some  families,  but  by. the  entire  freedom  of 
other  families  through  many  long-lived  generations. 

Sex. — Males  suffer  more  frequently  than  females,  although  the  difference 
is  less  than  is  commonly  asserted.  Giritrac's  figures  of  68 1  cases*  (excluding 
meningeal  hemorrhage)  yield  a  percentage  of  males  56.6,  females  43.4. 

Age. — Cerebral  hemorrhage  is  essentially  a  disease  of  the  degenerative 
period  of  life  ;  at  least  four-fifths  of  the  cases  occur  after  forty  years  of  age, 
and  its  frequency  increases  as  life  advances.  But  it  is  met  with  occasionally 
in  earlier  life,  even  in  childhood  and  infancy. f  The  most  extensive  statistics 
available  on  this  point  are  those  of  Gintrac.J  although  these,  consisting  of 
published  cases,  are  less  satisfactory  than  a  Consecutive  series  would  be,  and 
it  is  probable  that  the  frequency  of  the  disease  in  early  life  is  over-repre- 
sented. The  first  column  of  the  following  table  gives  Gintrac's  figures  of 
the  distribution  of  653  cases  he  has  collected,  and  in  the  second  I  have 
reduced  these  to  a  percentage.  These  two  columns  thus  show  the  relative  fre- 
quency in  each  decade  of  life.  But  since  the  number  of  persons  living  dimin- 
ishes in  each  successive  decade,  such  figures,  as  Sir  George  Burrows  long 
ago  insisted,  convey  an  erroneous  idea  of  the  liability  to  the  disease.  The 
third  column  of  the  table  is  therefore  computed  by  the  help  of  Farr's  Life 
Table,  No.  3,  and  shows  the  number  of  cases  of  cerebral  hemorrhage  in  an 
equal  number  of  individuals  in  each  decade  of  life,  called  1000  x.  It  thus 
shows  the  relative  liability  in  each  decade.  Of  the  real  value  of  x  we  have 
no  means  of  judging.  In  the  last  column  I  have  reduced  the  series  to  a  per- 
centage, so  that  the  relative  liability  to  the  disease  at  each  age  may  be  more 
conveniently  compared  with  its  relative  frequency.  Thus  it  is  seen  that 
while  the  disease  is  actually  less  frequent  between  seventy  and  eighty  than 
between  sixty  and  seventy,  the  liability  to  it  is  greater  in  the  latter  than  in 
the  earlier  decade.  From  the  second  column  it  appears  as  if  the  disease 
were  only  one-tenth  as  frequent  between  eighty  and  ninety  as  between  fifty 
and  sixty,  but  the  third  and  fourth  columns  show  that  the  liability  to  it  is 
the  same  in  these  two  decades.  It  may  perhaps  be  questioned  whether  the 
number  of  cases  between  eighty  and  ninety  is  sufficient  to  justify  the  conclu- 
sion to  which  they  point,  that  the  liability  is  much  less  between  eighty  and 
ninety  than  between  seventy  and  eighty,  i.  e.  that  in  the  very  old  cerebral  hem- 
orrhage becomes  less  prevalent.  But  I  think  it  probable  that  the  conclusion 
is  correct,  and  that  the  condition  of  tissues  which  permits  the  attainment  of 
extreme  old  age  is  one  in  which  there  is  less  tendency  to  the  occurrence  of 
the  arterial  changes  that  lead  to  cerebral  hemorrhage. 

*  "  Maladies  de  l'appareil  nerveux,"  1869,  Tome  ii,  p.  430. 

f  Hemorrhages  into  the  substance  of  the  brain,  minute  and  massive,  have  occurred  in  young 
children  during  the  paroxysms  of  whooping  cough.  An  instance  is  recorded  by  Marshall, 
Glasgow  Med.  Jour.,  /88j,  p.  24.     It  is  probable  that  the  rupture  is  generally  of  a  vein. 

J  Loc.  cit.,  table  on  p.  431,  with  the  exclusion  of  the  cases  of  primary  meningeal  and  spinal 
hemorrhage. 
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Age. 

Age-distribution  of  Cases. 

Age-distribution  of  Liability. 

Liability  ;  number 

No.  of  Cases   in 

Percentage  of  Cases 

of  cases  in  1000  x 

Percentage  of 

each  decade. 

in  each  decade. 

persons  living  in 
each  decade.* 

liability  in   each 
decade. 

I — IO 

15 

2-3 

i,8 

.8 

II — 20 

20 

3-1 

3 

1-3 

21—30 

38 

6.0 

6 

2.6 

31—40 

7i 

10.8 

12 

52 

41—5° 

97 

i5-° 

19 

8-3 

51 — 60 

129 

19.8 

31 

13-5 

61—70 

159 

24.4 

52 

22.4 

71—80 

112 

17.2 

72 

32-4 

81 — 90 

22 

1.8 

32 

H 

A  certain  physical  conformation  is  popularly  associated  with  a  liability  to 
"  apoplexy,"  a  short,  thick  neck,  high  shoulders,  florid  face.  It  is  doubtful 
whether  this  condition  has  any  relation  to  cerebral  hemorrhage ;  most  of 
the  subjects  are  thin  and  spare,  and  present  almost  the  reverse  of  the 
characteristic  "  apoplectic  build." 

Cerebral  hemorrhage  is  said  to  be  more  frequent  in  temperate  than  in 
tropical  climates,  in  winter  than  in  summer,  and  it  is  probably  more  common 
in  civilized  than  in  savage  races. 

Thus  the  degenerative  tendency  incidental  to  advanced  life  is,  in  the 
majority  of  cases,  the  most  powerful  element  in  the  production  of  cerebral 


*  It  may  be  well  to  explain  further  the  manner  in  which  the  figures  of  the  third  column 
%re  obtained.  From  Farr's  Life  Table,  No.  3,  the  population  maintained  in  each  decade  by 
10,000  annual  births  was  first  ascertained  (the  decades  being,  of  course,  reckoned  according 
to  the  first  column,  1-10,  11-20,  etc.).  The  figures  in  the  third  column  for  each  decade 
are  the  numbers  that  bear  the  same  relation  to  1000  as  the  number  of  cases  in  this  decade 
(first  column)  bears  to  the  number  of  persons  living  of  that  age  in  a  population  in  which 
there  are  annually  10,000  births.  The  number  1000  is  arbitrary.  1  might  have  been  taken 
instead,  but  1000  must  be  much  nearer  the  actual  number  than  1  would  be.  The  uncertain 
number  to  be  added  to  1000  is  represented  by  x,  which  may  be  more  or  less  than  I.  The 
actual  number  (i.  e.,  the  real  value  x)  could  not  be  known  unless  there  were  a  post-mortem 
examination  in  every  person  dying  in  a  large  and  known  population.  For  the  sake  of  sim- 
plicity, the  actual  population  at  each  decade  has  not  been  given,  but  one  instance  may 
make  the  principle  of  the  table  clearer.  In  a  population  in  which  there  are  10,000 
annual  births,  the  number  of  persons  living  between  71  and  80  will  be  (according  to  the 
Life  Table)  1547.  The  number  of  the  deaths  from  cerebral  hemorrhage  in  this  period  (of 
the  cases  collected)  is  112.  Supposing  that  number  of  deaths  from  this  cause  to  occur 
among  1547  persons  living  at  that  period,  the  number  of  cases  in  1000  will  be  72,  and 
x  =  1.  But  as  we  do  not  know  the  exact  number  of  persons,  it  is  termed  1000  x.  In  any 
case,  the  figures  represent  the  relative  liability  throughout  life,  so  far  as  the  cases  collected 
by  Gintrac  are  representative.  They  are  doubtless  not  exactly  representative ;  as  before 
stated,  the  early  deaths  are  probably  in  undue  proportion,  because  such  cases  are  more  likely 
to  be  published.  But,  with  this  exception,  there  seems  no  reason  why  they  should  not  fairly 
represent  the  relation  of  the  disease  to  age,  and  they  have  the  advantage  over  Registrar's 
reports,  that  each  case  is  unquestionably  one  of  hemorrhage,  since  in  every  case  collected 
there  was  a  post-mortem  examination. 
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hemorrhage.  But  this  influence  is  augmented  by  certain  morbid  states 
which  increase  the  tendency  to  that  impairment  of  nutrition  which  we  call 
degeneration.  The  most  important  of  these  are  chronic  alcoholism,  gout, 
and  renal  disease,  especially  the  common  senile  form,  granular  disease  of  the 
kidney.  Charcot  found  kidney  disease  in  one-third  of  his  cases  of  cerebral 
hemorrhage,  and  this  is  probably  about  the  true  proportion.*  Whatever  be 
the  nature  of  fibroid  disease  of  the  kidney,  whether  the  affection  is  primarily 
local  or  general,  the  minute  vessels  always  suffer,  and  they  suffer  likewise, 
although  to  a  less  extent,  in  other  forms  of  kidney  disease,  unquestionably 
primary.  The  strain  on  the  vessels  from  the  hypertrophy  of  the  heart, 
whether  it  helps  to  produce  the  degeneration  or  not,  must  increase  the 
tendency  to  dilation  and  rupture.  It  cannot  be  doubted  that  Bright's  disease 
is  a  cause  of  miliary  aneurisms  in  persons  after  middle  life,  and  sometimes 
at  earlier  ages.  I  have  elsewhere  described  and  figured  a  case  of  Bright's 
disease  in  a  woman  aged  thirty-six,  in  whose  retina  several  miliary  aneurisms 
could  be  seen  with  the  ophthalmoscope,  and  who  died  a  few  days  later  with 
all  the  symptoms  of  a  sudden  cerebral  hemorrhage,  f 

It  is  well  established  that  aneurisms  of  the  larger  arteries  of  the  brain  are 
frequently  due  to  syphilitic  disease  and  to  embolic  arteritis,  and  hemorrhage 
results  from  the  rupture  of  such  aneurisms.  '  It  is  not  yet  known  whether 
these  processes  also  cause  miliary  aneurisms.  I  have  once  seen  extensive 
hemorrhage  into  the  brain  of  a  boy,  aged  eight,  with  inherited  syphilis  and 
vascular  disease,  without  any  visible  aneurism.  The  hemorrhage  had  appar- 
ently commenced  in  the  right  lenticular  nucleus,  or  outside  it,  and  had  burst 
into  the  ventricles.  The  syphilitic  disease  was  chiefly  in  the  vertebral  and 
cerebellar  arteries.  I  do  not  know  of  any  similar  case  in  a  subject  of 
acquired  syphilis,  but  it  is  certain  that  the  small  arteries  within  the  cerebral 
substance  are  occasionally  affected  by  syphilitic  changes,  and  it  is  possible 
that  some  cases  of  intra-cerebral  hemorrhage  in  early  adult  life  may  have  this 
origin.  Aneurism  results  from  embolism,  apparently,  when  a  vessel  is  in- 
completely plugged,  so  that  the  altered  wall  is  still  exposed  to  the  pres- 
sure of  the  blood,  and  plugging  of  the  minute  vessels  within  the  cerebral 
substance  must  be  generally  complete. 

Lastly,  in  certain  general  diseases  there  is  a  tendency  to  bleeding,  which 
may  cause  intra-cerebral  hemorrhage.  Thus  it  may  occur  in  purpura,  scurvy, 
pernicious  anaemia,  and  especially  in  leucocythaemia,  in  which  it  is  a  com- 
mon cause  of  death,  and  the  extravasations  are  often  multiple.  Its  mechan- 
ism in  these  cases  is  not  yet  known.  The  most  probable  hypothesis  ascribes 
it  to  acute  degeneration  in  the  walls  of  the  vessels.    In  leucocythaemia  it  has 

*  It  has  been  attempted  to  depreciate  the  influence  of  renal  disease  in  the  production 
of  cerebral  hemorrhage,  by  demonstrating  the  rarity  of  this  in  a  series  of  renal  cases.  But 
later  adult  life  is  essential  for  the  occurrence  of  the  vascular  consequences,  and  nothing  is 
proved  by  a  series  of  cases  taken  at  all  ages. 

f  '.'Medical  Ophthalmoscopy,''  2d  ed.,  plate  xii,  fig.  1,  case  42,  p.  326.  In  albuminuric 
retinitis,  capillary  ectases  are  very  common  (ibid.,  pi.  xvi,  fig.  10) ;  but  it  is  rare  to  meet  with 
aneurisms  on  the  visible  arteries,  even  when  miliary  aneurisms  are  abundant  in  the  brain. 
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been  thought  to  be  due  to  obstruction  of  the  vessels  by  accumulations  of 
white  corpuscles,  but  the  adequacy  of  this  mechanism  is  not  apparent.  In 
these  diseases  we  do  not  know  whether  the  vessels  rupture  directly,  or 
whether  they  first  dilate  into  miliary  aneurisms. 

Exciting  Causes. — The  actual  rupture  sometimes  occurs  during  some  tem- 
porary increase  in  the  blood  pressure  from  muscular  effort,  such  as  straining 
at  stool,  lifting  a  heavy  weight,  during  coitus  or  vomiting,  violent  cough  (as 
whooping-cough),  or  from  excited  action  of  the  heart  consequent  on  emotion. 
But  often,  also,  the  vessel  gives  way  when  the  circulation  is  tranquil,  indeed, 
during  sleep.  The  cerebral  arteries  are  supposed  to  be  contracted  during  sleep, 
but  it  should  be  remembered  that  in  the  recumbent  posture  the  influence 
of  gravitation  on  the  return  of  blood  from  the  brain  is  less  than  in  the 
upright  posture,  and  the  pressure  in  the  arteries  must  be  increased,  not  only 
by  the  increase  in  the  resistance  to  the  flow  through  the  capillaries,  but  also 
by  the  fact  that  gravitation  no  longer  opposes  the  influence  of  the  heart  on 
the  arteries,  as  it  does  in  the  erect  posture.  Moreover,  if  the  anasmia  of  the 
brain  during  sleep  is  due  to  the  contraction  of  arterioles  of  smaller  size  than 
those  which  are  the  seat  of  miliary  aneurisms,  the  pressure  in  these  must  be 
increased  by  such  contraction. 

In  extreme  mechanical  congestion,  such  as  attends  all  asphyxial  modes  of 
death,  small  extravasations  are  usually  produced,  apart  from  vascular  dis- 
ease. They  do  not  commonly  exceed  a  mustard  seed  in  size,  and  still  more 
minute  hemorrhages  may  often  be  found  with  the  microscope  scattered 
through  the  cerebral  substance,  and  especially  numerous  in  the  pons  and 
medulla.  Often  the  hemorrhage  is  only  into  the  perivascular  sheath,  which 
becomes  distended  with  blood. 

Meningeal  Hemorrhage. — Blood  may  be  extravasated  (i)  outside  the  dura 
mater,  separating  it  from  the  bone  (extra-dural  hemorrhage) ;  (2)  beneath 
the  dura  mater,  into  what  was  regarded  as  the  sac  of  the  arachnoid  when  it 
was  thought  that  a  parietal  layer  of  the  arachnoid  lined  the  dura  mater  (sub- 
dural hemorrhage)  ;  and  (3)  beneath  the  arachnoid,  between  it  and  the  pia 
mater  (sub-arachnoid  hemorrhage).  The  blood  may  come  from  the  arteries 
or  veins  or  sinuses  of  the  dura  mater,  or  from  the  vessels  of  the  pia  mater. 
The  chief  causes  are  as  follows  :  (1)  Injury  that  causes  fracture  of  the  skull 
or  laceration  of  the  pia  mater.  Extensive  hemorrhage  is  usually  from  the 
meningeal  arteries  or  sinuses.  The  blood  may  be  outside  or  beneath  the 
dura  mater.  (2)  Aneurisms  of  the  larger  arteries  of  the  base  or  surface.  (3) 
Rupture  of  an  intra-cerebral  hemorrhage.  In  hemorrhage  into  the  ventricles 
the  blood  often  passes  through  the  foramina  at  the  extremity  of  the  fourth 
ventricle  and  collects  beneath  the  arachnoid  at  the  base  of  the  brain  and 
about  the  cerebellum.  Sometimes  it  forces  its  way  out  of  the  descending 
cornu  of  the  lateral  ventricle,  through  the  transverse  fissure.  (4)  Meningeal' 
hemorrhage  occurs,  apart  from  visible  aneurisms,  under  the  same  conditions 
(age,  chronic  kidney  disease,  etc.)  as  hemorrhage  elsewhere  in  the  brain. 
It  is  also  met  with  in  some  chronic  diseases  with  hemorrhagic  tendency,  as 
purpura,  leucocythsemia,  and  the  malarial  cachexia.     The  mechanism  of  its 
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production  in  these  cases  is  not  known,  but  is  probably  the  same  as  that 
which  causes  intra-cerebral  hemorrhage  in  the  same  conditions.  (5)  It  occurs 
occasionally  in  the  insane,  especially  in  the  subjects  of  general  paralysis. 
(6)  During  birth  it  may  result  from  the  compression  of  the  skull,  especially 
in  cases  in  which  the  head  is  born  last.  The  blood  comes  from  the  vessels 
of  the  pia  mater  or  veins  of  the  dura  mater  or  even  from  the  superior  lon- 
gitudinal sinus.  These  cases  are  separately  described.  (7)  Spontaneous 
hemorrhage  from  a  meningeal  vein  has  been  observed,  but  is  excessively 
rare.* 

Sub-arachnoid  hemorrhage  is  equally  frequent  in  the  two  sexes,  but  the 
sub-dural  form  is  three  times  as  frequent  in  males  as  in  females  (Gintrac). 
Taking  all  forms  together,  meningeal  hemorrhage  is  far  more  frequent  both 
in  youth  and  in  the  middle  period  of  life  than  intra-cerebral  hemorrhage. 
It  is  especially  frequent  during  the  first  two  years  of  life.  About  one-tenth 
of  the  patients  do  not  exceed  twenty  years  of  age,  and  nearly  half  the  cases 
occur  in  the  first  forty  years  of  life."}" 

Primary  ventricular  hemorrhage  is  met  with  in  rare  cases ;  one  or  more  of 
the  ventricles  being  filled  with  blood  without  any,  or  with  only  secondary, 
lesions  of  their  walls.  The  blood  usually  comes  from  the  vessels  of  the 
choroid  plexuses,  or  of  the  velum  interpositum,  rarely  from  a  vein  in  the 
wall  of  the  ventricle.  Probably  the  hemorrhage  is  due  in  most  cases  to  the 
rupture  of  miliary  aneurisms,  which  have  been  found  in  the  choroid  plexus, 
and  it  is  for  the  most  part  related  to  the  same  general  conditions  as  intra- 
cerebral hemorrhage.  But  it  occasionally  results  also  from  severe  mechan- 
ical congestion,  as  in  attempted  hanging,  or  from  convulsions.  In  rare 
cases  it  proceeds  from  a  large  aneurism  that  has  perforated  the  ventricle,  or 
from  avascular  growth,  or  occurs  in  hemorrhagic  diatheses,  as  purpura  or 
leucocythemia.  Like  meningeal  hemorrhage,  it  is  relatively  more  frequent 
in  early  life  than  is  the  ordinary  form,  occurring  even  in  childhood  and 
infancy,  both  during  birth  and  in  the  early  months  of  life.  Of  ninety-four 
cases  collected  by  Sanders, J  one-tenth  occurred  in  the  first  year  of  life  and 
one-fifth  were  under  twenty,  about  a  quarter  under  thirty,  and  one-third 
under  forty.     It  is  rather  more  frequent  in  males  than  in  females,  at  all  ages 

*  Thus  a  case  is  recorded  by  Andral,  in  which  the  veins  of  the  pia  mater  over  the  con- 
vexity were  varicobe  and  their  walls  soft  and  friable;  one  of  them  had  ruptured,  and  a  layer 
of  coagulated  blood  lay  over  the  hemisphere  ( "  Clinique  Medicale,"  Spillman's  trans., 
V-  95)- 

fGintrac's  collection  of  165  cases  (of  which  only  twelve  were  traumatic)  exhibits  the 
following  distribution  : — 
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except  30-40,  when  females  preponderate,  in  consequence  of  the  influence 
of  child-bearing.  In  both  the  pregnant  and  puerperal  states  it  sometimes 
occurs,  produced  usually  by  the  mechanism  of  convulsions.  It  sometimes 
results  from  injury. 

Traumatic  hemorrhage,  the  result  of  blows  and  falls  on  the  head,  may 
occur  at  any  age,  and  is  independent  of  arterial  degeneration.  It  is  most 
common  in  the  meninges,  extra-dural  as  the  result  of  rupture  of  a  meningeal 
artery  or  a  sinus,  or  sub-dural  or  sub-arachnoid  in  consequence  of  rupture  of  a 
vessel  of  the  pia  mater,  usually  as  part  of  superficial  laceration  of  the  brain. 
Occasionally  it  occurs  within  the  cerebral  substance  and  is  th'en  often  mul- 
tiple. An  extravasation  in  the  pons  may.  coexist  with  one  or  more  extravasa- 
tions into  the  hemispheres.  Traumatic  ventricular  hemorrhage  is  rare,  and 
is  sometimes  due  to  the  rupture  of  a  vein  in  the  wall  of  the  ventricles. 

Pathological  Anatomy. — In  the  majority  of  cases  there  is  only  one 
recent  hemorrhage  in  the  brain ;  occasionally  there  are  two  or  more,  of  which 
one  is  much  larger  than  the  others  and  has  given  rise  to  the  symptoms.  In 
some  constitutional  diseases  with  a  tendency  to  hemorrhage,  the  brain  may 
contain  many  extravasations.  In  leucocythasmia,  for  instance,  more  than 
fifty  small  hemorrhages  have  been  found  in  the  two  hemispheres.  The  size 
of  the  hemorrhage  varies  from  that  of  a  nut  to  that  of  the  closed  fist.  It  may 
even  have  torn  up  the  greater  part  of  one  hemisphere,  may  have  distended 
all  the  ventricles,  and  have  accumulated  at  the  base.  The  two  hemispheres 
are  affected  with  equal  frequency.  Of  the  several  parts  of  the  brain,  the 
central  ganglia  are  the  most  frequent  seat  of  hemorrhage  ;  about  half  the 
total  number  of  extravasations  commence  in  the  corpus  striatum  or  its  neigh- 
borhood. The  clot  often  extends  into  the  optic  thalamus,  but  does  not  often 
begin  in  it.  Next  in  frequency  is  hemorrhage  into  the  centrum  ovale,  then 
successively  the  cortex,  the  pons,  and  the  cerebellum.  The  frequency  of 
hemorrhage  in  the  cerebrum  is  twenty  times  greater  than  into  the  cerebellum. 
Hemorrhage  into  the  medulla  oblongata  and  crus  cerebri  are  very  rare,  and 
extravasation  into  the  corpus  callosum  has  once  been  observed  (in  a  case  of 
cerebro-spinal  meningitis*). 

Within  the  cerebral  substance  the  blood  occupies  a  cavity  formed  by 
laceration  of  the  brain  tissue;  rarely,  when  very  minute  and  "capillary," 
by  merely  separating  the  fibres.  The  blood  is  clotted,  and  reddish-black  in 
color;  fragments  of  brain  tissue  are  mingled  with  it.  The  containing  cavity 
is  often  very  irregular  in  shape  ;  its  walls  are  uneven,  present  projecting 
shreds  of  lacerated  brain  substance,  and  are  blood-stained  and  softened — at 
first  by  imbibition  of  serum,  and  later  by  inflammation.  Small  extravasations 
are  sometimes  seen  in  the  neighborhood  of  a  larger  clot.  The  extravasated 
blood  exerts  pressure ;  the  convolutions  are  flattened ;  the  falx  is  bulged  to 
the  opposite  side,  and  the  rest  of  the  hemisphere  is  anaemic.  The  effused 
blood  may  tear  its  way  into  the  lateral  ventricle ;  it  then  speedily  distends 
both  lateral  ventricles  and  the  third  and  fourth  ventricles,  and  escapes  by  the 

*  Erb,  Virchaw's  Archiv,  xcvii,  329. 
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openings  at  the  lower  extremity  of  the  fourth  ventricle,  central  and  lateral, 
into  the  sub-arachnoid  space.  Or  the  blood  may  tear  its  way  to  the  surface, 
infiltrate  the  pia  mater,  and  pass  into  the  sub-arachnoid  cavity,  often  by  a  very 
small  opening.  It  is  rarely  that  the  artery  from  which  the  blood  has  escaped 
can  be  detected.  Occasionally  the  extravasation  can  be  traced  to  the  rup- 
ture of  an  aneurism  of  some  size.  The  miliary  aneurisms,  which  can  often 
be  found,  have  been  already  described. 

After  a  time  the  extravasated  blood  undergoes  changes.  The  clot  shrinks, 
and  gradually  becomes,  first  chocolate,  then  brown,  and  ultimately  a  red- 
dish-yellow; and  it  then  contains  chiefly  fat  globules,  pigment  and  other 
granules,  and  hsematoidin  crystals.  The  rapidity  with  which  it  undergoes 
this  change  is  uncertain,  and  certainly  varies.  It  is  said  that  the  distinctive 
blood  color  has  disappeared  as  early  as  the  twentieth  day ;  but  it  usually  per- 
sists for  a  much  longer  time.  Meanwhile  the  walls  of  the  cavity  undergo 
changes.  The  inflammation,  in  rare  cases  excessive  and  purulent,  is  usually 
conservative,  and  leads  to  the  formation  of  connective  tissue.  A  firm  wall 
is  thus  developed,  the  inner  surface  of  which  becomes  smooth  by  the  soften- 
ing and  removal  of  the  loose  fragments  of  brain  substance ;  by  this  means  a 
cyst  is  formed.  It  is  said  that  connective  tissue  may  extend  across  its  cavity, 
and  that  in  rare  cases,  the  fluid  being  absorbed,  the  cyst  walls  may  unite,  and 
a  cicatrix  result.  Such  cicatrices  are,  however,  much  more  frequently  due 
to  softening  than  to  hemorrhage.  It  is  asserted  that  a  cyst  may  be  devel- 
oped in  thirty  or  forty  days  under  favorable  conditions. 

Traumatic  hemorrhage  occurs  into  and  from  a  lacerated  portion  of  brain, 
and  is  most  frequently  found  on  the  surface,  occupying  mainly  the  middle  of 
the  convex  portion  of  each  convolution.  It  is  met  with  most  frequently  in 
regions  much  exposed  to  injury,  as  the  surface  of  the  temporo-sphenoidal 
lobe,  and  the  under  surface  of  the  frontal  lobe.  Traumatic  ventricular 
hemorrhage  is  said  to  result  occasionally  from  rupture  of  a  small  vein  on  the 
surface  of  the  corpus  striatum  (Prescott  Hewett). 

Soft  tumors  (especially  gliomata)  are  sometimes  the  seat  of  hemorrhage. 
The  distinctions  from  simple  hemorrhage  are  the  following.  The  position 
is  often  one  in  which  the  cerebral  hemorrhage  is  rare  j  some  gelatinous- 
looking  tumor  substance  may  be  found,  into  which  hemorrhage  has  not 
occurred,  and  which  has  characteristic  microscopic  features.  Such  tissue  is 
never  found  in  the  neighborhood  of  an  ordinary  hemorrhage. 

Other  organs  may  be  healthy,  or  present  the  changes  which  have  been 
mentioned  as  predisposing  causes,  of  which  disease  of  the  kidneys  and  hyper- 
trophy of  the  heart  are  the  most  frequent.  The  lungs  are  usually  loaded  with 
serum  and  mucus.  Occasionally  intense  visceral  congestions,  and  even  hem- 
orrhages, are  found  in  the  kidneys,  stomach  and  pleurae.  General  conges- 
tion may  be  due  to  the  mode  of  death,  but  the  unilateral  character  and  the 
intensity  of  the  changes  in  some  cases,  render  it  probable  that  they  are  due 
to  derangement  of  the  vasomotor  nerves. 

The  relation  of  hemorrhages  in  various  situations  to  the  vascular  supply 
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has  been  carefully  traced  by  Duret.*  Certain  arteries  give  way  more  fre- 
quently than  others,  and  the  course  of  the  vessels  enables  us  to  understand 
the  position  of  the  extravasation.  The  arrangement  of  the  arteries  is 
described  at  p.  495. 

Corpus  Striatum. — The  hemorrhages  into  the  corpus  striatum  may  be 
divided  into  three  series,  anterior,  middle,  and  posterior.  The  anterior  are 
situated  in  the  head  of  the  caudate  nucleus,  and  are  due  to  the  rupture  of  the 
branches  that  come  from  the  anterior  cerebral  artery.  They  are  usually 
small,  but  often  break  through  into  the  lateral  ventricle.  The  middle  group 
comprehends  those  produced  by  the  rupture  of  the  lenticular  and  lenticulo- 
striate  branches  of  the  middle  cerebral,  and  are  the  most  frequent  of  all  cere- 
bral hemorrhages.  These  vessels  may  rupture  anywhere  in  their  course, 
,  outside  the  lenticular  nucleus,  within  it,  or  in  the  caudate  nucleus.  The 
extravasations  outside  the  nucleus  are  restrained  externally  by  the  gray  cortex 
of  the  insula  and  its  subjacent  layer  of  white  substance  ;  if  large,  they  may 
displace  the  central  ganglia  inward.  Extravasations  within  the  ganglia 
often  extend  upward  and  outward  in  the  white  matter  of  the  centrum  ovale, 
and  may  attain  a  very  large  size.  The  posterior  hemorrhages  are  due  to  the 
rupture  of  the  ventriculo-optic  arteries  of  the  middle  cerebral,  which  pass 
through  the  lenticular  nucleus  into  the  anterior  part  of  the  optic  thalamus. 
The  extravasation  usually  commences  in  the  thalamus,  or  between  it  and  the 
corpus  striatum,  and  the  blood  not  rarely  escapes  between  the  two  into  the 
lateral  ventricle.  They  often  damage  the  posterior  (sensory)  part  of  the 
internal  capsule.  The  small  arteries  to  the  inner  portion  of  the  thalamus, 
which  pass  from  the  posterior  cerebral,  or  posterior  communicating,  some- 
times give  way  and  cause  small  extravasations  near  the  surface  (internal 
thalamic  hemorrhages),  which  are  very  prone  to  rupture  into  the  ventricle. 
The  branches  of  the  posterior  cerebral  to  the  hinder  part  of  the  thalamus 
may  give  rise  to  extravasations  in  this  situation  (posterior  thalamic  hemor- 
rhage), which  may  either  rupture  into  the  lateral  ventricle  or  may  extend 
down  into  the  crus  and  even  into  the  pons. 

Centrum  Ovale. — Large  hemorrhages  usually  spread  into  the  centrum 
ovale  from  the  corpus  striatum.  The  vessels  in  the  white  substance  itself 
are  small,  and  give  rise  only  to  small  hemorrhages,  rarely  larger  than  a 
walnut,  and  often  oval,  with  the  long  axis  in  the  direction  of  the  fibres. 
Larger  extravasations  are  sometimes  found  in  the  white  substance  of  the 
occipital  lobe.  These  are  due  to  the  rupture  of  branches  of  the  calcarine 
division  of  the  posterior  cerebral  artery. 

Cortex. — Hemorrhages  limited  to  the  cortex  may  occur  in  almost  any 
position,  but  they  are  rare  and  are  usually  small,  although  they  sometimes 
extend  into  the  white  substance,  and  attain  in  it  a  larger  size. 

Crura  Cerebri. — Hemorrhages  into  either  the  corpus  striatum  or  optic 
thalamus  may  extend  down  into  the  crus.  Those  which  commence  in  the 
crus  are  usually  small,  and  oval  in  form.     They  may  descend  into  the  pons, 


*  Arch,  de  Physiologic,  1874,  p.  664. 
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but  do  not  pass  up  into  the  central  ganglia.     They  may  be  situated  in  the 
inner  part  of  the  crus,  or  in  the  outer  part  beneath  the  corpora  geniculata, 
or  in  the  upper  part  beneath  the  corpora  quadrigemina. 
Pons. — Hemorrhages  are  most  frequent  near  the  middle  line,  from  the 

rupture  of  the  median  branches  of  the 
basilar  ;  and  the  raph6  usually  prevents 
their  extension  to  the  other  side.  The 
extravasation  often  has  a  spherical 
shape,  and  may  be  kept  from  the 
fourth  ventricle  only  by  a  thin  layer 
of  tissue  (Fig.  285),  which  may  give 
way,  and  the  blood  may  escape  into 
the  cavity.  Sometimes  small  hem- 
orrhages extend  in  a  transverse  direc- 
tion, and  these  are  due  to  the  rupture 
of  the  small  lateral  branches  of  the 
median  arteries.     Hemorrhages  in  the 

Hemorrhage  into  the  pons,  to  the  left  of  the  middle     lateral  portions  of  the  pons,   from  rup- 
line.     (After  CarsTuell)  c  . ,  ,.       , 

*  J  ture  of  the  radicular  arteries,  are  rare. 

The  vessel  that  most  frequently  gives  way  is  the  branch  to  the  root  of  the 
fifth  nerve. 

Cerebellum. — Large  hemorrhages  are  most  frequently  due  to  the  rupture 
of  a  branch  that  the  superior  cerebellar  artery  gives  to  the  dentate  nucleus. 
A  small  extravasation  may  occupy  the  interior  of  the  dentate  nucleus, 
arising  from  a  branch  of  the  same  artery.  Hemorrhage  into  the  inner  and 
hinder  part  of  the  hemisphere  may  occur  from  rupture  of  a  branch  of  the 
posterior  cerebral.  Extravasations  near  the  fourth  ventricle  readily  burst  into 
it.  The  cortex  of  the  cerebellum  offers  much  less  resistance  to  hemorrhage 
than  does  the  gray  matter  of  the  cerebral  convolutions.  The  superior  and 
inferior  cerebellar  peduncles  are  rarely  the  seat  of  hemorrhage,  but  an 
extravasation  sometimes  occurs  in  the  middle  cerebellar  peduncle,  and, 
more  frequently,  a  hemorrhage  in  one-half  of  the  pons  may  extend  a  short 
distance  into  the  peduncle,  passing  in  the  direction  of  its  fibres. 

In  ventricular  hemorrhage,  whether  primary  or  secondary  (i.  e.  by  rupture 
of  an  extravasation  in  the  substance  of  the  brain),  the  blood  fills  all  the 
ventricles  in  a  third  of  the  cases.  Tf  slowly  effused  it  may  occupy  only  one 
lateral  ventricle,  and  such  limitation  is  met  with  in  about  one-quarter  of  the 
cases  of  each  form.  It  occupies  both  lateral  ventricles  alone  (not  extending 
to  the  third  and  fourth),  more  frequently  in  primary  than  in  secondary  hem- 
orrhage. It  is  rarely  confined  to  the  fourth,  still  more  rarely  to  the  third. 
The  blood  is  usually  coagulated,  and  if  small  in  amount  the  clot  may  cor- 
respond in  form  to  the  ventricular  cavity.  If  the  blood  is  slowly  effused, 
the  distention  of  the  lateral  ventricles  may  be  less  than  that  of  the  third  and 
fourth;  in  the  latter  the  accumulation  of  blood  is  aided  by  the  influence  of 
gravitation  in  the  recumbent  posture.  In  primary  hemorrhage  the  walls  of 
the  ventricles  may  be  intact,  the  choroid  plexuses  are  ansemic  from  pressure, 
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and  it  may  be  difficult  to  discover  the  source  of  the  blood.  Superficial 
lacerations  of  the  wall  of  the  distended  ventricle  may  be  of  secondary  origin, 
as  is  shown  by  the  fact  that  there  are  many  of  similar  aspect.  Sometimes  it 
is  difficult  to  say  whether  laceration  is  the  source  of  the  hemorrhage  or  is 
produced  by  it.  Occasionally  there  are  separate  extravasations  into  the  sub- 
stance of  the  brain  ;  or  a  meningeal  hemorrhage  may  coexist,  even  wjien  the 
ventricular  extravasation  was  small. 

The  appearances  in  meningeal  hemorrhage  differ  according  to  its  seat  and 
amount.  There  is  a  layer  of  blood  either  upon  the  arachnoid  or  in  the  sub- 
arachnoid space,  sometimes  in  both.  The  blood  accumulates  especially  in 
the  sulci  and  depressions,  and  is  generally  most  abundant  at,  and  sometimes 
confined  to,  the  base.  If  considerable  in  quantity,  over  the  convexity,  the 
convolutions  maybe  distinctly  flattened.  Just  as,  in  ventricular  hemorrhage, 
blood  may  escape  from  the  fourth  ventricle  into  the  meninges,  so  in  exten- 
sive meningeal  hemorrhage  blood  may  pass  into  the  fourth  ventricle,  and  a 
little  may  even  find  its  way  into  the  lateral  ventricles.  The  blood  may  also 
pass  down  into  the  spinal  canal,  whether  the  meningeal  hemorrhage  is  pri- 
mary, or  is  due  to  the  escape  of  blood  from  the  ventricles.  It  often  dis- 
tends the  sheaths  of  the  optic  nerves. 

Symptoms. — The  occurrence  of  cerebral  hemorrhage  is  indicated  by  symp- 
toms of  two  classes,  the  one  general  and  transient,  the  other  local  and  more 
or  less  permanent.  Both  sets  of  symptoms  are  usually  present,  but  either 
may  be  so  slight  as  to  be  inconspicuous.  In  addition,  the  onset  may  be  pre- 
ceded by  what  are  termed  premonitory  symptoms,  and  followed  by  symp- 
toms outside  the  cerebral  functions,  alterations  of  pulse,  temperature, 
urine,  etc. 

The  premonitory  symptoms,  so  called,  are,  on  the  whole,  rare.  They  con- 
sist of  headache,  slight  vertigo,  weakness  or  tingling  in  the  limbs,  slight 
mental  changes,  or  slight  affection  of  speech.  These  symptoms  may  be  con- 
tinuous or  paroxysmal,  coming  on  suddenly,  and  passing  away  after  a  few 
hours  or  days.  It  is  doubtful  how  far  it  is  correct  to  speak  of  them  as  pro- 
dromata  of  hemorrhage.  The  miliary  aneurisms,  however  numerous,  cause 
no  symptoms  until  they  burst.  The  severe  forms  of  these  antecedent  dis- 
turbances are  sometimes  due  to  the  occurrence  of  actual  small  hemorrhages, 
or  to  the  general  commencement  of  a  hemorrhage  that  is  at  first  slight  and 
afterward  suddenly  becomes  considerable.*  Slighter  forms  are  probably 
due  to  the  atheroma  that  often  coexists  with  miliary  aneurisms,  and  are  the 
result  of  interference  with  the  blood  supply  to  certain  parts  of  the  brain. 
They  are  thus  indicators,  not  of  the  cause  of  the  cerebral  hemorrhage,  but 
of  an  associated  condition.     As  might  therefore  be  expected,  they  are  far 


*  Thus,  a  young  man  who  had  suffered  from  lead  poisoning,  was  attacked  with  severe  pain 
in  the  right  side  of  the  head,  and  after  this  had  continued  for  ten  days,  left  hemiplegia  sud- 
denly came  on,  without  loss  of  consciousness.  He  subsequently  died,  and  a  hemorrhage  was 
found  in  the  right  hemisphere,  which  had  damaged  the  whole  thickness  of  the  internal  cap- 
sule, but  had  apparently  occurred  in  two  stages  (Hardy,  Gaz.  Med.  de  Paris,  June  II,  1880). 
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less  frequent  before  attacks  of  hemorrhage  than  before  attacks  of  thrombotic 
softening,  and  they  are  similar  in  the  two  cases. 

Of  the  general  cerebral  symptoms  the  most  common  is  loss  of  conscious- 
ness ;  of  the  local  symptoms,  hemiplegia.  The  loss  of  consciousness  usually 
comes  on  suddenly,  and  constitutes  the  most  common  form  of  "  apoplexy." 
The  patients  may  fall  senseless,  without  any  subjective  symptom.  More 
commonly  giddiness,  pain  in  the  head,  weakness  in  one  side  or  difficulty  in 
speaking,  is  the  first  indication  of  the  attack;  if  the  patient  is  standing,  the 
weakness  is  noticed  chiefly  in  the  leg,  which  gives  way.  He  sits  or  lies 
down,  and  in  the  course  of  a  few  minutes,  or  longer,  becomes  unconscious, 
seems  to  go  to  sleep,  but  it  is  a  sleep  from  which  he  cannot  be  roused,  the 
sleep  of  "  coma."  Occasionally  the  obscuration  of  consciousness  is  incom- 
plete ;  the  patient  can  be  partially  roused,  or  may  only  seem  confused  or 
"  dull."  Rarely,  there  is  not  even  this  interference  with  the  cerebral  func- 
tions, and  only  the  sudden  onset  of  the  local  symptoms  announces  the 
occurrence  of  the  hemorrhage. 

In  the  most  severe  cases,  the  symptoms  of  apoplexy,  as  described  in  a 
previous  page,  are  present  in  the  most  intense  degree.  The  muscles  are 
relaxed  and  flaccid,  urine  and  faeces  escape,  reflex  action  is  abolished,  not 
only  in  the  limbs,  but  in  the  conjunctiva  and  iris.  Only  the  beating  of  the 
heart  and  the  movements  of  breathing  indicate  the  continuance  of  life, 
while  the  irregularity  of  the  former,  and  the  labored  character  and  stertor 
of  the  latter,  show  how  frail  is  the  tenure  by  which  life  is  held.  In  this  state 
the  patient  may  die  a  few  hours  after  the  onset,  but  death  occurs  so  rapidly 
only  when  the  hemorrhage  is  into  the  pons  or  medulla,  so  as  to  damage 
directly  the  vital  centres,  cardiac  or  respiratory.  In  very  rare  cases  death 
has  occurred  within  an  hour,  once  in  as  short  a  time  as  five  minutes  (Aber- 
crombie).  Often  the  coma,  although  complete,  is  less  deep  ;  the  iris  still 
acts  to  light,  liquid  placed  in  the  mouth  may  still  be  swallowed,  the  muscles 
of  one  side  only  are  flaccid,  and  on  the  other  muscular  tone  remains  and 
the  raised  arm  falls  less  suddenly. 

The  aspect  of  the  face  presents  great  variations.  It  may  be  flushed  and 
turgid,  or  pale  and  pinched.  The  surface  of  the  body  is  usually  wet  with 
perspiration.  The  pulse  is  generally  at  first  slow,  often  small,  and  incom- 
pressible, sometimes  quick.  Respiration,  besides  its  labor  and  stertor,  may 
have  the  Cheyne-Stokes  rhythm,  always  of  evil  omen.  The  urine  is  usually 
at  first  abundant,  of  low  specific  gravity,  and  acid  in  reaction.  Occasion- 
ally albumen  is  present  for  a  few  hours  after  the  onset  when  there  is  no 
kidney  disease. 

A  convulsion  may  usher  in  the  attack,  but  is  not  common  unless  the 
hemorrhage  is  in  the  cortex,  although  hemorrhage  into  the  corpus  striatum 
or  elsewhere  now  and  then  causes  a  general  convulsion.  Vomiting  occasion- 
ally occurs,  more  frequently  when  the  hemorrhage  is  into  the  cerebellum 
than  when  it  is  in  other  parts  of  the  brain.  Its  occurrence  is  probably 
influenced  in  part  by  the  condition  of  the  stomach ;  if  a  meal  has  been 
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taken  shortly  before  the  onset,  the  process  of  digestion  may  be  arrested,  and 
the  contents  of  the  stomach  may  be  vomited. 

The  temperature  usually  falls  within  an  hour  after  the  onset,  and  may 
be  only  97°  or  96°  ;  it  may  even  reach  94.4°  in  the  rectum.*  In  cases 
fatal  during  the  first  twelve  hours,  the  fall  may  continue  until  death.  In 
other  cases  the  temperature  may  become  normal  at  the  end  of  the  first  day, 
and  remain  so  in  slight  cases,  or  rise,  in  more  severe  forms,  to  two,  three, 
or  four  degrees  above  the  normal  (Bourneville).  But  there  is  one  apparent 
exception  to  the  rule  of  initial  depression.  In  cases  of  hemorrhage  into  the 
pons  or  medulla,  the  temperature  may  rise  above  the  normal  within  an  hour 
of  the  onset,  and  during  the  next  hour  may  attain  a  height  of  1040  or  1060, 
and  the  rise  may  go  on  until  death. 

The  duration  of  the  apoplectic  state  varies  much  in  cases  that  recover 
from  it.  At  the  end  of  from  half  an  hour  to  six  hours  reflex  action  returns 
in  the  limbs,  the  patient  gives  some  signs  of  returning  consciousness,  and 
moves  those  parts  that  are  not  paralyzed.  Difficulty  of  swallowing  and 
impairment  of  articulation  may  exist  for  a  day  or  two.  Dull  general  head- 
ache is  usually  felt  as  consciousness  returns,  and  there  is  occasionally  some 
delirium. 

Even  during  the  state^)f  apoplexy  some  indications  of  a  unilateral  lesion 
may  be  present ;  reflex  action,  if  lost,  returns  on  one  side  only ;  on  the 
other  it  remains  absent  in  the  foot,  cremaster,  or  abdomen  ;  the  muscular 
tone  is  different  in  the  two  arms,  as  already  mentioned,  and  sometimes  the 
affected  side  becomes  rigid.  The  head  and  eyes  may  be  directed  to  one 
side  in  "conjugate  deviation,"  usually  from  the  side  on  which  the  limbs  are 
affected,  sometimes  toward  it.  As  the  general  cerebral  symptoms  lessen,  the 
local  symptoms,  persisting,  become  more  prominent.  The  return  of  move- 
ment in  the  unaffected  limbs  defines  the  paralysis,  which  is  usually  hemi- 
plegic.  When  the  loss  of  consciousness  is  slight  or  absent,  the  loss  of  power 
is  conspicuous  from  the  first,  and  the  subjective  symptoms,  already  described 
as  occasionally  attending  the  onset  of  apoplexy,  rise  into  greater  promi- 
nence. 

The  onset  often  occurs  during  sleep.  The  patient  is  either  found  uncon- 
scious in  the  morning,  or  wakes  unaware  of  what  has  happened,  and  only 
discovers  his  paralysis  when  he  attempts  to  stand.  The  state  of  sleep  has 
been  thought  to  favor  the  occurrence  of  hemorrhage,  but  it  is  not  proved 
that  the  number  of  cases  occurring  during  sleep  is  larger  than  corresponds 
to  the  proportion  of  existence  spent  in  that  condition. 

In  all  except  the  slightest  cases,  there  occurs,  two  or  three  days  after  the 
onset,  slight  general  febrile  disturbance,  due  to  inflammatory  changes  about 
the  cerebral  lesion.  There  may  be  merely  headache,  loss  of  appetite,  quick- 
ening (sometimes  slowing)  of  the  pulse,  and  a  rise  of  temperature  of  one  or 
two  degrees,  lasting  two  or  three  days  and  then  passing  away.     In  other 

*  In  a  case  of  extensive  ventricular  hemorrhage,  due  to  the  rupture  of  an  aneurism, 
recorded  by  Bastian,  Trans.  Clin.  Soc,  1883,  p.  18. 
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cases  the  rise  of  temperature  is  greater,  consciousness  may  be  dulled  or  even 
again  lost,  or  there  may  be  some  delirium.  If  consciousness  has  not  been 
regained,  the  coma  deepens,  there  is  a  tendency  to  sloughing  and  vesication 
of  the  skin,  and  the  patient  usually  dies.  During  this  stage  of  inflamma- 
tory reaction,  rigidity  ("  early  rigidity  ")  often  develops  in  the  paralyzed 
limbs.     The  urine  becomes  less  abundant,  and  may  lose  its  acidity. 

Before  the  initial  coma  has  passed  away  it  may  be  suddenly  deepened,  or 
consciousness,  after  being  regained,  may  be  again  suddenly  lost,  in  conse- 
quence of  the  extravasation  bursting  into  the  ventricles.  The  symptoms  of 
this  occurrence  are  described  further  on. 

As  the  general  cerebral  symptoms  subside,  the  local  symptoms  become 
prominent.  Ultimately  only  those  remain  that  are  due  to  the  local  effect  of 
the  lesion,  and  consist  in  the  loss  of  those  functions  that  are  subserved  by 
the  structures  destroyed.  Since  the  hemorrhage  is  usually  in  one  side  of  the 
brain,  the  persisting  symptoms  are  usually  unilateral  in  distribution.  But 
the  unilateral  symptoms  that  can  be  at  first  recognized  are  much  wider 
in  extent  than  those  that  ultimately  remain.  There  may  be  at  first  an 
apparent  loss  of  function  of  almost  all  parts  of  one  hemisphere,  and  even 
of  the  whole  brain.  There  is  not  only  loss  of  motor  power,  but  there  is 
often  loss  of  sensibility,  and  this  in  cases  in  which  the  ultimate  loss  is  purely 
motor.  Indications  of  hemianopia  may  often  be  found  in  the  early  stage  ; 
if  the  finger  is  brought  suddenly  before  the  eye,  first  from  one  side  and  then 
from  the  other,  it  will  be  found  that  the  eyelids  blink  when  the  finger  comes 
from  the  unparalyzed  side,  and  not  when  it  comes  from  the  affected  side. 
The  early  conjugate  deviation  of  the  head  and  eyes,  already  mentioned,  is 
sometimes  a  symptom'of  the  same  character.  These  wide  initial  symptoms 
show  that  the  interference  with  the  function  of  the  hemisphere  extends  at 
first  far  beyond  the  limits  of  the  destruction  wrought  by  the  hemorrhage. 
The  effect  is  probably  partly  due  to  the  influence  of  the  pressure  on  the  adja- 
cent nerve  elements,  partly  to  anaemia  produced  by  that  pressure,  partly  to 
inhibition  by  the  irritative  influence  of  the  acute  lesion.  These  symptoms 
gradually  lessen  ;  some,  such  as  the  hemianopia,  usually  pass  away  in  a  few 
days,  others  in  a  few  weeks,  until  there  remain  only  those  that  are  the  direct 
effect  of  the  destruction  ;  these  persist  for  months,  and,  unless  the  loss  is  of 
such  a  character  that  it  can  be  supplemented  by  the  action  of  the  other  hemi- 
sphere, they  continue  for  the  rest  of  life.  The  pressure  is,-  of  course,  great- 
est on  the  structures  nearest  to  the  hemorrhage,  and  the  symptoms  thus 
produced  last  longer  than  do  those  that  result  from  the  slighter  pressure  on 
distant  parts.  The  symptoms  produced  by  these  two  mechanisms  have  been 
distinguished  as  "  direct  "  and  "indirect  "  symptoms.*  But  the  two  are  the 
same  in  character,  and  can  only  be  distinguished  in  practice  by  the  graduaal 
disappearance  of  the  one,  and  the  persistence  of  the  other. 

*  A  not  very  happy  distinction,  since  the  pressure  effects  are  as  much  the  direct  effects 
of  the  hemorrhage  as  is  the  laceration.  Only  the  inhibitory  symptoms  are,  strictly  speak- 
ing, indirect,  but  these  cannot  be  separated  practically  from  those  that  are  due  to  pressure. 
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In  some  cases  there  is  a  slight  increase  of  the  local  symptoms  during  the 
period  of  "  inflammatory  reaction,"  due,  no  douht,  to  the  damage  to  adja- 
cent structures  by  the  inflammation  around  the  lesion. 

Chrotiic  Stage. — The  enduring  symptoms,  which  persist  after  the  initial 
stage  is  over,  are  due  to  the  local  interference  with  the  functions  of  the  damaged 
part  of  the  brain,  and  are  determined  by  the  situation  of  the  lesion.  Per- 
sistent general  cerebral  symptoms,  such,  for  instance,  as  are  so  conspicuous 
in  cases  of  tumor,  are  for  the  most  part  absent  in  hemorrhage.  Headache 
is  trifling  ;  optic  neuritis  is  practically  unknown.  Convulsions  are  very  rare. 
Some  mental  change  is  often  present,  sometimes  slight,  sometimes  consider- 
able, and  evidenced  chiefly  by  defective  memory,  irritability,  and  emotional 
mobility.  This  may  be  in  part  due  to  a  general  impairment  of  the  functions 
of  the  cortex,  under  the  influence  of  the  shock  of  the  lesion,  but  it  more 
probably  depends  on  damage  to  the  connecting  fibres  between  different  parts 
of  the  cortex,  and  between  this  and  the  cerebellum,  the  integrity,  of  which  is 
essential  for  perfect  mental  action. 

Local  symptoms,  persistent  in  most  cases,  are  in  a  few  absent.  The  lesion 
is  so  placed  as  to  cause  no  recognizable  loss  of  function.  When  symptoms 
exist  they  may  be  motor,  sensory,  or  trophic,  and  may  affect  the  limbs  or  the 
regions  supplied  by  the  cranial  nerves.  As  there  is  no  region  of  the  brain 
in  which  hemorrhage  may  not  occur,  so  there  is  hardly  any  observed  com- 
bination of  focal  symptoms  that  hemorrhage  may  not  cause. 

By  far  the  most  frequent  symptom  is  motor  hemiplegia.  The  reason  for 
this  is  that  the  most  frequent  seat  of  hemorrhage  is  the  region  of  the  corpus 
striatum  and  internal  capsule,  and  the  middle,  motor  part  of  this  rarely 
escapes  laceration  or  compression.  'Permanent  sensory  symptoms,  in  the 
form  of  hemianesthesia,  are  less  common,  because  hemorrhage  is  less  com- 
mon in  the  neighborhood  of  the  posterior  part  of  the  capsule,  in  which  the 
sensory  tract  runs.  But  it  is  not  uncommon,  when  no  absolute  loss  remains, 
and  the  slightest  touch  can  be  perceived,  for  this  to  be  felt  somewhat  differ- 
ently on  the  two  sides.  Increased  sensitiveness  to  pain  is  sometimes  present, 
and  may  coexist  with  tactile  anaesthesia,  and  be  accompanied  by  spontane- 
ous pains,  but  these  are  less  common  than  in  cerebral  softening.  So  too  are 
considerable  chronic  trophic  disturbances  in  the  hemiplegic  side,  persistent 
elevation  of  temperature  and  the  joint  inflammation,  described  in  the  chapter 
.  on  hemiplegia. 

The  symptoms  that  attend  hemorrhage  in  other  parts  of  the  brain  present 
some  variations  according  to  its  seat.  The  symptoms  produced  in  each 
locality  are,  for  the  most  part,  those  that  have  been  described  at  a  previous 
page  (p.  708).  A  few  additional  facts,  relating  especially  to  hemorrhage, 
may  be  here  considered. 

Cortex. — Hemorrhage  into  the  substance  of  the  cortex  is  very  rare,  but 
occurs  occasionally  from  aneurisms  about  which  there  is  sufficient  inflamma- 
tory thickening  to  prevent  external  rupture.  The  onset  is  usually  attended 
by  convulsions,  which  are  not  general,  as  are  those  that  occasionally  result 
from  cerebral  hemorrhage  elsewhere,  but  begin  locally  in  the  manner  char- 
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acteristic  of  cortical  disease.  Subsequent  paralysis  may  affect  only  part  of 
one  side.  Hemorrhage  into  the  centrum  ovale  causes  symptoms  similar  to 
those  due  to  a  cortical  lesion  in  the  corresponding  situation,  but  without  the 
symptoms  of  irritation.  . 

Crus  Cerebri. — A  limited  extravasation  may  cause  the  characteristic  crossed  J , 
palsy  of  third  nerves  and  limbs,  but  often  the  hemorrhage  passes  beyond  the 
limits  of  the  crus,  either  upward  into  the  foot  of  the  internal  capsule  (and  \ 
then  causes  well-marked  hemiansesthesia,  as  well  as  hemiplegia)  or  downward 
into  the  pons,  and  may  then  paralyze  both  third  nerves,  and  the  limbs  on 
both  sides.  The  corpora  quadrigemina  are  never  the  seat  of  limited 
hemorrhage. 

Pons  Varolii. — Initial  loss  of  consciousness  may  be  present  or  absent,  just 
as  in  hemorrhage  elsewhere.  Initial  convulsions  are  especially  frequent, 
usually  general,  rarely  unilateral,  sometimes  affecting  the  legs  only,  a  symp- 
tom almost-  unknown  from  disease  in  other  parts.  The  convulsion  is  often 
irregular  in  type,  sometimes  tonic  or  toxic,  varied  with  occasional  clonic 
jerkings.  The  paralysis  is  often  bilateral,  but  a  small  hemorrhage  may 
cause  hemiplegia  from  the  first.  The  paralysis  sometimes  affects  mainly  the 
legs  or  the  arms.  Anaesthesia  often  accompanies,  and  may  preponderate 
over,  the  motor  palsy.  The  pupils  are  often  strongly  contracted,  so  as  to 
suggest  opium  poisoning,  or  they  may  be  dilated  and  motionless,  the  differ- 
ence depending  on  the  irritation  or  paralysis  of  the  nuclei  of  the  third  nerve. 
The  deviation  of  the  head  and  eyes  from  the  side  of  the  lesion,  described  at 
p.  512,  is  occasionally  observed.  Respiration  often  suffers  early,  and  may 
present  irregularities,  sometimes  almost  convulsive  in  their  character.  Vom- 
iting is  frequent.  The  temperature  often  rises  rapidly  to  a  hyperpyrexial 
degree.  Death  is  usually  more  speedy  than  in  hemorrhage  into  the  cerebrum ; 
it  has  been  known  to  occur  in  seven  minutes  from  the  onset.* 

Medulla  Oblongata. — A  considerable  hemorrhage  causes  death  very 
quickly,  and  even  instantaneously.  It  is  doubtful  whether  convulsions 
occur  when  the  extravasation  is  confined  to  the  medulla.  The  patient  rarely 
survives  the  actual  onset.  The  symptoms  that  may  persist  resemble  those  of 
bulbar  paralysis,  but  this  is  extremely  rare,  only  one  conclusive  case  being 
on  record.  Apoplectiform  bulbar  paralysis  is  due,  in  the  vast  majority  of 
cases,  to  softening  from  vascular  occlusion,  not  to  hemorrhage. 

Cerebellum. — Loss  of  consciousness  is  as  common  as  in  hemorrhage  else- 
where, and  presents  the  same  variations  in  its  degree.  There  is  often  no 
initial  paralysis  ;  sometimes  there  is  hemiplegia,  due  to  pressure,  and  it  may 
be  on  the  same  side  as  the  hemorrhage,  or  on  the  opposite  side,  according 
as  the  pressure  is  exerted  on  the  pons  or  on  the  medulla.  The  absence  of 
hemiplegia  is  more  significant  than  its  presence.  The  pressure  may  also 
cause  various  paralyses  in  the  parts  supplied  by  the  cranial  nerves  that  arise 
from  the  pons  and  medulla.  The  state  of  the  pupils  varies ;  vision  is  unaf- 
fected.    Vomiting  is  more  frequent  than  in  hemorrhage  elsewhere,  being 

*  Mickle,  British  Med.  Journal,  18S1,  ii,  151. 


CEREBRAL   HEMORRHAGE.  791 

met  with  in  half  the  cases,  and  it  is  also  more  often  persistent.  It  may  occur 
without,  as  well  as  with,  loss  of  consciousness.  If  recovery  takes  place,  the 
pressure  effects,  including  the  hemiplegia,  pass  away,  and  the  only  lasting 
symptom  is  cerebellar  unsteadiness,  and  this  persists  in  some  but  not  in  all 
the  cases.  Hemorrhage  into  the  cerebellum  often  bursts  into  the  fourth 
ventricle,  causing  the  rapid  depression  of  the  functions  of  the  medulla 
described  at  a  subsequent  page.  When  the  middle  cerebellar  peduncle  is 
the  seat  of  hemorrhage,  the  characteristic  symptoms,  forced  lateral  position 
of  the  head,  difference  in  height  of  the  eyes,  and  a  tendency  to  lie  on  one 
side,  and  even  to  rotate,  are  usually  distinct  at  the  onset,  sometimes  during 
the  stage  of  apoplexy,  and  if  the  patient  is  conscious  there  is  usually  intense 
vertigo. 

Ventricular  Hemorrhage. — The  effusion  of  blood  into  the  ventricles  of  the 
brain  is  indicated  by  severe  apopleptic  symptoms,  the  origin  of  which  is 
easy  to  understand.  When,  as  in  the  majority  of  cases,  the  rupture  is  into 
one  lateral  ventricle,  the  blood  rapidly  distends  the  other  also,  and  the 
whole  cortex  is  compressed.  The  blood  soon  passes  into  the  fourth  ven- 
tricle, and  compresses  the  important  structures  that  lie  in  its  floor.  In  the 
rare  cases  in  which  the  rupture  is  into  the  fourth  ventricle,  the  pons  and 
medulla  bear  the  full  force  of  its  pressure,  and  the  grave  symptoms  of  inter- 
ference with  this  part  of  the  brain  are  conspicuous  from  the  onset,  and 
resemble  closely  those  produced  by  hemorrhage  into  the  substance  of  the 
pons.  This  is  also  the  case  when  the  rupture  is  into  the  lateral  ventricles, 
and  occurs  slowly  ;  the  fourth  ventricle  may  then  be  much  more  distended 
than  the  lateral  ventricles  (see  p.  784). 

Hemorrhage  into  the  ventricles  is  sometimes  primary,  but  much  more 
frequently  secondary  to  hemorrhage  into  the  cerebral  substance,  from  which 
the  blood  tears  its  way  into  the  cavities.  In  the  former  case  the  severe  apo- 
plexy is  primary  ;  in  the  latter  it  supervenes  on  the  symptoms  of  the-  cere- 
bral hemorrhage  already  described.  The  primary  apoplexy  may  have 
passed  away  or  have  lessened,  or  may  be  still  at  its  height,  when  it  suddenly 
returns  or  becomes  deeper.  The  initial  deviation  of  the  head  and  eyes 
ceases,  and  is  often  replaced  by  a  deviation  in  the  opposite  direction.  The 
pulse  is  again  slowed,  and  may  fall  to  50  or  40  beats  per  minute.  The  tem- 
perature may  fall  to  970  or  960.  The  respiration  becomes  more  labored 
and  stertorous.  The  reflex  action  is  again  lost  in  the  limbs  and  eye  ;  the 
pupils  are  sometimes  dilated,  sometimes  contracted  ;  rigidity  often  appears 
in  the  limbs  on  the  hemiplegic  side,  sometimes  in  those  on  the  other  side ; 
there  may  be  convulsions,  sometimes  general,  sometimes  affecting  only  the 
unparalyzed  side.  Paroxysms  of  general  and  clonic  spasm,  with  slight 
opisthotonos,  have  been  observed.*  After  a  few  hours  the  pulse  often 
becomes  more  frequent ;  the  temperature  may  remain  low  or  may  rise, 
sometimes  to  104°  or  higher.  The  chest  becomes  filled  with  rales,  occasion- 
ally with  extreme  rapidity,  even  within  a  couple  of  hours  of  the  onset ;  the 

*  Bastian,  Trans.  Clin.  Soc,  1884,  p.  22. 
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face  becomes  livid,  respiration  is  increasingly  difficult,  and  the  patient  dies 
from  the  interference  with  breathing.  In  many  cases  the  blood  escapes 
from  the  fourth  ventricle  into  the  sub-arachnoid  space  at  the  base  of  the  brain, 
and  the  symptoms  may  be  in  part  due  to  this  secondary  (or  rather  tertiary) 
meningeal  hemorrhage. 

Primary  ventricular  hemorrhage  causes  symptoms  which  may,  from  the 
first,  closely  resemble  those  of  the  secondary  form,  but  more  frequently  the 
onset  resembles  that  of  hemorrhage  into  the  substance  of  the  brain,  in  the 
presence  at  first  of  unilateral  symptoms.  Prodrornata  are  rare,  but  head- 
ache is  occasionally  met  with,  very  variable  in  seat,  character  and  duration. 
The  onset  may  be  (i)  By  sudden  apoplexy,  deepening  rapidly;  death  may 
occur  in  a  lew  hours.  (2)  By  apoplexy  with  hemiplegic  symptoms,  or  with 
convulsions.  (3)  In  the  very  rare  slow  hemorrhage,  hemiplegia  first  occurs 
alone,  loss  of  consciousness  only  supervening  after  a  few  hours.  Hemi- 
plegia occurs  because  the  blood  is  effused  first  into  one  lateral  ventricle, 
and  causes  paralysis  on  the  opposite  side  by  the  compression  of  the 
motor  path  or  centres.  When  the  effusion  is  rapid  and  both  lateral 
ventricles  quickly  become  distended,  the  unilateral  symptoms  quickly  give 
place  to  general  relaxation  of  the  muscles  and  loss  of  all  reflex  action. 
Rigidity  is  often  met  with,  but  less  frequently  than  in  the  secondary  form ; 
it  is  usually  bilateral,  sometimes  one-sided,  and  occasionally  involves  only 
the  muscles  of  mastication;  it  is  often  intermittent.  Convulsions  are  also 
frequent,  occurring  in  at  least  a  third  of  the  cases,  sometimes  general,  some- 
times affecting  only  the  paralyzed  side,  or  only  a  part  of  it.  In  cases  of 
slow  onset,  speech  is  often  lost  before  consciousness.  The  power  of  swallow- 
ing usually  persists  until  the  apoplexy  becomes  profound.  The  temperature 
resembles  that  of  other  forms  of  'cerebral  hemorrhage.  The  malady  is 
usually  fatal,  but  recovery  has  occurred,  as  is  proved  by  old  and  altered  clot 
being  sometimes  found  in  the  lateral  ventricles,  but  it  is  possible  only  when 
the  hemorrhage  is  small  in  quantity  and  the  symptoms  are  then  slight  and 
equivocal. 

Meningeal  Hemorrhage. — The  symptoms  of  meningeal  hemorrhage  vary 
much  according  to  its  cause.  The  rupture  of  a  large  aneurism  at  the  base 
causes  severe  apoplexy,  rapidly  deepening  to  lethal  intensity.  But  since 
slight  hemorrhage  sometimes  occurs  before  the  final  rupture,  the  loss  of  con- 
sciousness may  be  preceded  by  definite  prodrornata,  and  is  so  preceded  more 
frequently  than  is  intra-cerebral  hemorrhage.  These  prodrornata  are  severe 
headache  (sometimes  occipital),  giddiness,  and  occasionally  vomiting.  The 
attack  itself  is  attended  by  paralysis  and  atony  of  the  limbs  on  both  sides, 
and  sometimes  by  palsy  of  cranial  nerves  or  by  convulsions. 

When  the  hemorrhage  is  of  traumatic  origin  the  effect  of  the  injury 
obscures  the  initial  symptoms.  In  these  and  other  cases  in  which  the  escape 
of  blood  is  gradual,  the  patient  may  recover  consciousness  and  continue  his 
occupation  for  some  hours  or  even  for  a  day  or  two,  complaining  only  of 
headache,  and  then  gradually  become  somnolent  and  pass  into  a  state  of 
coma. 
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In  some  cases  of  meningeal  hemorrhage,  convulsions  are  the  most  promi- 
nent symptom,  and  they  may  be  either  general  or  unilateral,  and,  in  the 
latter  case,  may  commence  locally  in  the  face  or  arm,  or  by  deviation  of  the 
head.  Rigidity  of  limb  is  comparatively  rare,  far  more  so  than  in  menin- 
gitis. In  some  cases  there  is  mental  excitement  or  delirium,  in  others  there 
is  mental  dullness.  The  state  of  the  pupils  is  very  variable  ;  they  may  be 
contracted  or  dilated  or  unequal.  Sometimes  headache  and  giddiness  are 
accompanied  by  tingling  in  the  limbs  and  weakness  on  one  or  both  sides. 
Initial  apoplexy  may  be  absent,  and  these  symptoms,  commencing  suddenly, 
may  increase  until  consciousness  suffers.  The  variation  presented  by  these 
cases  is  thus  very  great. 

In  the  majority  of  cases  the  patients  die  in  the  state  of  coma,  and  some- 
times apparently  from  the  violence  of  the  convulsions.  Coma  sometimes 
passes  away  and  recurs.  In  slight  cases  recovery  is  possible,  as  subsequent 
post-mortem  examination  has  proved.  The  symptoms  of  the  meningeal 
hemorrhage  of  newly-born  children  are  separately  described. 

Pathology. — While  the  rupture  of  the  vessel  is  always  the  result  of  weak- 
ening of  its  wall,  and  of  the  pressure  of  blood  within  it,  the  actual  condi- 
tions of  rupture  vary  considerably.  The  variations  relate  to  the  degree  of 
blood  pressure — the  size  of  the  artery,  of  the  aneurism,  and  of  the  opening 
in  it — the  freedom  of  exit  of  the  blood,  or  the  hindrance  to  its  escape  by 
clot  within  the  dilated  part,  and  the  resistance  in  the  tissue  into  which  the 
blood  passes,  which  is  less  in  the  gray  than  in  the  white  substance.  The 
precise  conditions  in  any  individual  case  can  rarely  be  traced,  but  on  them 
must  depend  the  size  of  the  hemorrhage,  and  the  rapidity  with  which  the 
blood  is  effused.  These  two  elements  chiefly  determine  the  symptoms  that 
attend  the  onset.  No  doubt  the  occurrence  of  both  aneurism  and  hemor- 
rhage is  due  largely  to  the  slightness  of  the  support  that  the  cerebral  tissue 
affords  to  its  vessels.  This  is  less  in  the  old  than  in  the  young,  on  account 
of  the  larger  size  of  the  perivascular  spaces,  occupied  only  by  mobile 
liquid. 

It  is  a  well-known  law  of  hydrostatics  that  if  a  liquid  passes  into  a  closed 
chamber  by  a  small  opening,  the  total  pressure  within  the  chamber  is  that  in 
the  opening  multiplied  by  the  number  of  times  the  area  of  the  wall  of  the 
chamber  exceeds  the  opening  in  size.  Thus  the  total  pressure  within  the 
aneurism  must  be  much  greater  than  in  the  artery  from  which  it  springs,  and, 
at  the  same  time,  the  wall  is  weakened.  Hence,  we  can  understand  the 
tendency  to  rupture.  Moreover,  the  same  law  will  obtain  after  rupture, 
since  the  blood  in  the  cavity  formed  by  the  extravasation  is  influenced  by 
the  pressure  exerted  through  the  opening  into  the  aneurism.  No  doubt  the 
actual  condition  is  very  different  from  that  in  a  closed  chamber,  and  the 
result  is  correspondingly  different,  but  the  law  must  hold  good  in  some 
degree.  We  are  thus  able  to  understand  how  so  small  a  jet  of  blood  may 
-  produce  a  cavity  in  the  brain  of  so  large  a  size.  Doubtless  the  process  is 
facilitated  in  some  cases  by  the  softening  and  disintegration  of  the  tissue 
around  the  blood  by  imbibition.     On  the  other  hand,  the  transmission  of 
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the  pressure  must   be  modified  and  retarded  when   the  blood  begins  to 
coagulate. 

The  most  common  seat  of  hemorrhage  is  the  region  of  the  corpus 
striatum,  because  the  arteries  that  most  frequently  rupture  are  the  branches 
that  come  off  at  right  angles  from  the  middle  cerebral,  in  the  fissure  of 
Sylvius,  and  pass  upward  through  the  lenticular  nucleus  and  the  internal 
capsule  to  the  caudate  nucleus  and  optic  thalamus  (see  Fig.  214,  p.  497). 
A  large  artery  which  passes  between  the  outer  part  of  the  lenticular  nucleus 
and  the  external  capsule,  then  through  the  former  to  the  internal  cap- 
sule, is  so  frequently  the  source  of  the  extravasation  that  it  has  been 
termed  by  Charcot  par  excellence  "  the  artery  of  cerebral  hemor- 
rhage." A  small  hemorrhage  from  it  simply  separates  the  external  cap- 
sule from  the  lenticular  nucleus,  occupying  a  narrow  fissure  thus  formed, 
which  may  correspond  to  almost  the  whole  outer  aspect  of  the  lenticular 
nucleus,  but  a  large  hemorrhage  displaces  inward  and  erodes  all  the  central 
ganglia.  All  these  branches  of  the  middle  cerebral  pass  to  the  internal  cap- 
sule, and  as  this  lies  over  the  inner-upper  aspect  of  the  lenticular  nucleus, 
it  rarely  escapes  damage — by  pressure  if  the  hemorrhage  is  small,  by  lacera- 
tion if  it  is  large.  Hence  hemiplegia,  transient  or  permanent,  is  so  com- 
mon a  symptom.  The  branches  that  have  a  posterior  course,  to  the  hinder 
part  of  the  capsule,  less  frequently  give  way,  and  hence  lasting  hemianaes- 
thesia  is  comparatively  rare. 

The  mechanism  by  which  the  loss  of  consciousness  and  the  other  symptoms 
of  apoplexy  are  produced  has  been  the  subject  of  much  discussion  and  specu- 
lation. Of  this,  some  account  has  been  given  on  a  previous  page  (534). 
It  is  only  necessary  here  to  repeat  that  we  must  recognize  a  double  mechan- 
ism, the  mechanical  effect  of  the  pressure  on  the  cortex,  and  the  inhibition 
of  its  cells  by  the  mechanical  irritation  of  the  torn  nerve  fibres.  Both  of 
these  effects  are  the  greater  the  more  rapidly  the  blood  is  poured  out,  and 
the  larger  its  amount,  while  the  inhibitory  effect  is  doubtless  influenced  also 
by  the  position  of  the  lesion ;  injury  to  structures  that  have  an  extensive 
connection  with  the  cortex  being  the  most  effective. 

Thus,  consciousness  is  preserved  at  the  onset,  only  when  the  hemorrhage 
is  small,  or  the  blood  escapes  very  slowly,  or  when  the  extravasation  is  so 
placed  that  the  irritation  has  but  a  slight  influence  on  the  cortex.  Hem- 
orrhage into  the  pons  usually  affects  consciousness,  even  when  small,  prob- 
ably because  the  fibres  that  pass  through  the  pons  have  a  very  wide  connection 
with  the  cortex.  When  the  effusion  occurs  slowly  but  the  conditions  are 
unfavorable  to  the  cessation  of  the  flow  of  blood,  consciousness  may  be  lost, 
not  suddenly  at  the  onset,  but  gradually  as  the  hemorrhage  attains  a  con- 
siderable size,  giving  rise  to  the  "ingravescent  apoplexy."  As  Broadbent 
has  pointed  out,  this  form  is  usually  due  to  rupture  of  the  artery  that  passes 
outside  the  corpus  striatum.  It  must  not  be  thought  that  ingravescent  apo- 
plexy is  the  common  result  of  rupture  of  this  vessel.  Much  more  frequently 
there  is  sudden  initial  apoplexy,  and  the  occurrence  or  absence  of  this 
initial  loss  probably  depends  on  the  character  of  the  rupture  in  the  wall, 
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whether  it  is  large  or  small.  Ingravescent  apoplexy  may  also  occur  from 
rupture  of  a  vein  ;  the  pressure  in  the  vein  is  low,  and  the  blood  escapes 
slowly.  Hence  it  is  that-  in  traumatic  hemorrhage  (which  is  often  from  a 
vein)  many  hours  may  pass,  during  which  the  patient's  intellect  is  unaffected, 
before  consciousness  is  lost. 

Diagnosis. — The  diagnosis  of  the  nature  of  the  cerebral  lesion  has  to  be 
made  under  two  conditions,  first  during  the  initial  apoplexy,  and  secondly, 
when  this  has  passed,  and  only  the  enduring  effects  of  the  lesion  remain. 
The  first  is  incomparably  the  most  important,  since  by  it  the  treatment  has 
to  be  determined.  Unfortunately,  it  is  often,  of  all  the  diagnostic  prob- 
lems presented  to  the  physician,  at  once  the  most  difficult  and  the  most 
urgent. 

The  first  question  in  diagnosis  is,  whether  an  attack  of  apoplexy  is  of 
cerebral  origin.  The  chief  points  in  the  differential  diagnosis  have  been 
considered  in  the  account  of  this  condition.  If  cerebral  symptoms,  such  as 
unilateral  numbness  or  weakness,  have  preceded  the  loss  of  consciousness,  or 
are  to  be  traced  in  it,  as  by  one-sided  relaxation  of  limb  or  deviation  of  the 
head,  the  cerebral  nature  of  the  attack  is  clear.  If  these  are  absent  the 
question  must  be  determined  by  the  considerations  mentioned  at  p.  534. 
An  actually  sudden  onset  limits  the  diagnosis  to  the  distinction  from  syncope, 
and  this  should  be  easy.  If  the  onset  was  gradual,  or,  as  is  often  the  case, 
its  character  cannot  be  ascertained,  the  distinction  has  to  be  made  from 
poisoning  (especially  by  chloral,  opium  and  alcohol),  and  from  uraemia,  by 
the  indications  already  described  in  the  section  on  apoplexy. 

The  distinction  from  the  apoplectiform  attacks  of  cerebral  congestion,  of 
general  paralysis  of  the  insane,  and  from  the  so-called  "simple  apoplexy," 
in  which  there  is  no  sign  of  congestion,  and  after  death  no  lesion  of  the 
brain,  is  more  difficult.  In  all  three,  local  symptoms  are  absent.  In  con- 
gestion the  coma  is  rarely  profound  ;  the  loss  of  consciousness  is  often  imper- 
fect, and  is  generally  brief.  The  only  symptoms  are  general ;  there  is  no 
local  loss  of  power.  There  have  usually  been  previous  attacks  of  the  same 
character,  transient,  leaving  no  after  symptoms.  In  a  first  attack,  or  with- 
out a  history,  the  diagnosis  may  be  impossible.  In  general  paralysis  of  the 
insane,  the  preceding  symptoms  are  almost  always  sufficiently  pronounced 
to  indicate  the  nature  of  the  apoplectiform  seizure.  The  attack  lasts  only 
a  few  hours,  and  the  patient  rapidly  recovers  his  ordinary  state.  They  are 
more  readily  confused  with  attacks  of  simple  congestion  than  with  hemorrhage. 

The  attacks  of  "simple  apoplexy"  that  occur  in  the  old,  mysterious  in 
their  nature,  may  perfectly  resemble  the  apoplexy  of  cerebral  hemorrhage, 
and  it  is  doubtful  whether  a  distinction  between  the  two  is  possible  in  prac- 
tice. Lastly,  it  may  seem  strange  that  so  grave  and  sudden  a  lesion  can  be 
regarded  as  hysterical,  but  the  mistake  has  been  made  by  permitting  the 
sex  and  age  of  the  patient  to  warp  the  judgment  of  the  observer,  and  pre- 
vent the  recognition  of  the  significance  of  the  symptoms. 

If  the  presence  or  history  of  local  symptoms  makes  it  certain,  or  the  inten- 
sity of  the  general  symptoms  renders  it  in  high  degree  probable,  that  the 
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attack  is  due  to  an  organic  cerebral  lesion,  the  chief  diagnostic  question  is 
whether  the  lesion  is  hemorrhage,  or  softening  from  vascular  occlusion.  If 
the  patient  is  under  forty,  the  presence  of  heart  disease,  or,  in  its  absence, 
a  suspicion  of  syphilis,  renders  vascular  occlusion  far  more  probable  than 
hemorrhage,  provided  the  apoplectic  symptom's  are  of  moderate  severity. 
But  these  causal  indications  do  not  absolutely  exclude  hemorrhage,  even  in 
early  adult  life  or  in  childhood,  since  both  these  conditions  are  undoubted 
causes  of  aneurism  of  the  larger  cerebral  arteries.  The  rupture  of  an  aneu- 
rism is  probable,  if,  under  such  circumstances,  the  apoplexy  is  intense  in 
degree  and  the  coma  rapidly  deepens.  In  a  case  of  heart  disease,  preced- 
ing cerebral  symptoms,  headache,  etc.,  increase  the  probability  of  aneurism-, 
but  in  syphilis  they  only  have  this  significance  if  they  are  such  as  to  indicate 
the  existence  of  a  compressing  tumor,  since  slight  cerebral  symptoms  may 
be  due  to  ordinary  syphilitic  disease  of  the  vessels. 

In  the  second  half  of  life,  especially  after  forty-five,  when  miliary  aneu- 
risms become  common,  neither  the  presence  of  heart  disease  nor  a  history 
of  syphilis  affords  the  same  strong  presumption  against  hemorrhage  that  it 
does  in  early  life,  and  their  significance  is  subordinate.  Thrombotic  soften- 
ing from  atheroma  of  the  arteries  becomes  common,  pari  passu  with  hemor- 
rhage, and  it  is  only  when  the  symptoms  make  it  probable  that  the  lesion  is 
vascular  occlusion,  and  not  vascular  rupture,  that  the  heart  disease  or  syph- 
ilis raises  a  question  as  to  the  cause  of  the  occlusion.  The  older  the  patient 
the  less  weight  do  these  points  deserve ;  because  atheroma  increases  in  fre- 
quency with  advancing  years,  and  syphilitic  disease  lessens  in  frequency, 
while  the  degenerative  valvular  disease  of  the  heart  of  the  old  causes  embo- 
lism far  less  frequently  than  do  the  endocarditic  lesions  of  the  young. 

Between  thrombotic  softening  and  hemorrhage  the  diagnosis  is  often  diffi- 
cult and  sometimes  impossible.  Some  recent  writers  go  so  far  as  to  say  that 
even  a  probable  diagnosis  can  be  made  in  only  a  third  of  the  cases ;  but 
this  is,  I  think,  an  under-statement.  The  distinction  is  of  great  importance, 
because  the  treatment  suitable  to  the  two  conditions  is  very  different. 
Between  the  two  there  is  never,  in  any  case,  an  unfailing  criterion.  A 
probable  diagnosis  can  be  made  only  by  comparing  the  several  symptoms, 
cerebral  and  general,  and  balancing  their  indications.  Neither  age  nor  sex 
gives  help,  except  that,  in  extreme  old  age,  over  eighty,  there  is  a  proba- 
bility in  favor  of  softening  rather  than  hemorrhage.  The  conformation  and 
nutrition  of  the  patient  are  not  of  much  significance.  A  turgid  face,  and 
strongly  beating  arteries  of  the  neck,  is  in  favor  of  hemorrhage,  but  a  thin, 
worn,  aged  aspect  does  not  render  hemorrhage  less  probable.  Considerable 
degeneration  of  the  arteries  of  the  limbs  is  somewhat  in  favor  of  softening, 
as  Nothnagel  has  pointed  out.  A  high  arterial  tension  is  decidedly  in  favor 
of  hemorrhage,  and  this  irrespective  of  the  size  of  the  pulse.  The  state  of 
the  heart  is  of  great  importance ;  a  hypertrophied,  strongly  acting  heart 
renders  hemorrhage  probable  ;  if  the  heart  is  feeble,  dilated,  and  irregular 
in  consequence  of  its  disease,  softening  is  far  more  likely  than  hemorrhage. 
But  in  deep  coma,  it  must  be  remembered,  irregularity  may  be  due  to  the 
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cerebral  lesion  ;  the  pulse  is  then  usually  infrequent.  In  Bright' s  disease, 
especially  the  granular  kidney,  there  is  a  slight,  but  only  a  slight,  probability 
in  favor  of  hemorrhage,  for  atheroma  and  softening  are  also  frequent  conse- 
quences. Hemorrhages  in  the  retina  in  connection  with  albuminuric  retinitis 
do  not  render  cerebral  hemorrhage  more  probable,  unless  they  are  large. 
Visible  aneurisms  in  the  retinal  arteries  probably  do  constitute  strong  evi- 
dence of  cerebral  hemorrhage,  but  they  are  very  rare.  If  the  attack  was 
apparently  induced  immediately  by  strong  mental  excitement,  the  fact  is  in 
favor  of  hemorrhage  ;  if  by  prolonged  grief,  it  is  in  favor  of  softening. 

Prodromata  of  some  duration  in  the  form  of  numbness,  tingling,  or  weak- 
ness in  the  side  afterward  paralyzed  are  in  'favor  of  softening,  and  so  also  are 
previous  headache  or  slight  attacks  of  weakness  in  other  parts.  Local  con- 
vulsions at  the  onset  of  the  attack  are  also  in  favor  of  softening,  while  a  gen- 
eral convulsion  is  in  favor  of  hemorrhage.  The  significance  of  the  occur- 
rence of  loss  of  consciousness  at  the  onset  depends  on  other  associated 
conditions.  As  a  general  rule  loss  of  consciousness  is  more  frequent,  greater 
in  degree,  longer  in  duration,  and  occurs  with  a  smaller  lesion,  in  hemor- 
rhage than  in  softening.  Its  significance  depends,  therefore,  on  the  prob- 
able size  of  the  lesion.  If  there  is  reason  to  think  that  this  is  small,  loss  of 
consciousness  is  in  favor  of  hemorrhage  j  if  it  is  probably  large,  the  absence 
of  apoplexy  is  strong  evidence  of  softening.  But  it  is  unfortunately  very 
difficult  to  judge  of  the  extent  of  the  lesion  in  the  early  stage.  Partial  hemi- 
plegia is,  however,  almost  always  due  to  a  small  lesion,'  and  the  occurrence 
of  initial  apoplexy  in  such  a  case  is  in  favor  of  hemorrhage.  Deep  coma  is 
always  in  favor  of  hemorrhage  when  there  are  unilateral  symptoms ;  with 
bilateral  symptoms  it  is  of  rather  less  significance,  since  bilateral  thrombosis 
may  cause  apoplexy  as  deep  as  that  produced  by  ventricular  hemorrhage,  but 
as  bilateral  thrombosis  is  much  rarer  than  ventricular  hemorrhage,  the  fact 
does  not  altogether  destroy  the  value  of  the  indication.  A  considerable 
initial  fall  of  temperature,  exceeding  i°,  or  a  considerable  rise  within  a  few 
hours,  is  in  favor  of  hemorrhage,  provided  the  symptoms  do  not  indicate 
obstruction  of  the  basilar,  in  which  there  may  be  an  initial  fall  similar  to  that 
of  hemorrhage.  The  greater  the  secondary  inflammatory  disturbance,  the 
more  probable  is  softening,  especially  if  there  are  also  secondary  convul- 
sions. In  the  subsequent  chronic  stage  of  hemiplegia,  the  most  important 
indications  are  that  mobile  spasm  (athetosis,  post-hemiplegic  chorea,  etc.) 
and  recurring  convulsions  beginning  in  the  paralyzed  limbs,  are  strong 
evidence  that  the  lesion  was  softening,  and  not  hemorrhage. 

The  diagnosis  of  secondary  ventricular  hemorrhage  rests  on  the  occurrence 
of  a  second  apoplectic 'seizure,  or  on  the  distinct  intensification  of  primary 
coma,  with  the  extension  to  the  second  side  of  the  muscular  relaxation  that 
was  at  first  unilateral.  But  the  significance  of  this  depends  on  the  initial 
attack  having  the  character  of  hemorrhage.  When  there  is  thrombosis  in 
an  artery  of  one  hemisphere,  the  formation  of  another  clot  in  a  large  artery 
on  the  opposite  side  may  be  attended  with  exactly  the  same  symptoms  as 
the  rupture  of  a  hemorrhage  into  the  ventricles  ;  hence  the  occurrence  of 
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such  symptoms  should  not  be  allowed  to  influence  a  diagnosis  of  thrombosis 
if  the  evidence  of  this  was  distinct. 

The  diagnosis  of  a  primary  ventricular  hemorrhage  is  rarely  possible. 
There  is  no  distinctive  symptom,  and  the  combination  of  symptoms  that 
attend  it  may  be  produced  by  hemorrhage  into  the  substance  of  the  brain 
or  into  the  meninges.  It  may,  however,  be  suspected  if  severe  apoplexy 
comes  on  in  early  life,  without  preceding  symptoms  to  suggest  an  aneurism. 

In  meningeal  hemorrhage  the  diagnostic  problem  differs  according  as 
there  is  or  is  not  apoplexy.  If  there  is,  the  distinction  is  chiefly  from  intra- 
cerebral hemorrhage,  and  this  is  often  impossible  from  the  symptoms  alone. 
If  there  is  no  initial  loss  of  consciousness,  the  symptoms  are  chiefly  headache, 
delirium  and  convulsions,  and,  developing  gradually,  may  closely  resemble 
those,  of  meningitis.  In  all  cases  an  important  element  in  diagnosis  is  the 
condition  under,  which  the  disease  occurs.  In  the  young,  in  whom  alone 
the  diagnostic  difficulty  is  likely  to  occur,  meningeal  hemorrhage  very  sel- 
dom occurs  except  after  injury.  In  the  old,  in  whom  spontaneous  hemor- 
rhage may  be  met  with,  primary  meningitis  is  very  unlikely. 

Prognosis. — Two  questions  always  present  themselves  :  first,  the  risk  of 
death  ;  secondly,  the  prospect  of  recovery  from  the  resulting  paralysis. 
The  initial  danger  is  proportioned  to  the  intensity  and  duration  of  thecoma. 
If  it  has  not  begun  to  lessen  at  the  end  of  twenty-four  hours  the  probability 
is  against  recovery.  Most  cases  die  in  which  there  is  marked  interference 
with  respiration,  indicated  by  its  sighing  character,  Cheyne-Stokes'  rhythm, 
or  by  the  accumulation  of  mucus  in  the  lungs.  Bilateral  symptoms  in  the 
limbs  are  also  of  very  grave  significance,  indicating,  as  they  usually  do, 
either  hemorrhage  into  the  ventricles  or  into  the  pons.  The  lower  the  initial 
temperature  the  graver  is  the  immediate  prognosis.  A  considerable  rise  of 
temperature  within  a  few  hours  of  the  onset  is  also  very  serious,  and  so  is  the 
early  appearance  of  albumen  or  sugar  in  the  urine.  If  the  initial  symptoms 
were  severe,  or  the  patient  is  old  or  feeble,  the  period  of » secondary  inflam- 
mation is  also  attended  with  danger,  the  indications' of  which  are  consider- 
able fever,  delirium,  or  a  tendency  to  the  formation  of  sloughs  and  bed  sores. 
Most  cases  die  in  which  a  slough  appears  on  the  buttock  before  the  end  of 
the  first  week.  In  ventricular  hemorrhage  the  prognosis  is  almost  certainly 
fatal.  In  the  few  cases  of  the  primary  form  that  recover,  the  hemorrhage 
is  small  in  amount,  and  the  diagnosis  of  the  condition,  as  a  rule,  impossible. 
In  meningeal  hemorrhage  with  coma  the  prognosis  is  exceedingly  grave  ;  it 
is  probable  that  many  slight  traumatic  cases  get  well,  but  in  such  cases  the 
diagnosis  is  doubtful. 

The  prognosis  as  regards  the  paralysis  depends  on  whether  it  is  due  to 
direct  destruction  of  the  nerve  elements  by  a  lesion  involving  the  conduct- 
ing path,  or  whether  it  is  due  to  indirect  damage  by  a  lesion  adjacent  to  it. 
It  is  usually  necessary  to  wait  for  a  diminution  in  the  palsy  before  an  opin- 
ion can  be  formed.  The  parts  in  which  there  is  some  return  of  movement 
before  the  end  of  a  month  will  probably  recover  useful  power.     Paralysis 
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that  is  complete  at  the  end  of  three  months  will  probably  remain  consider- 
able in  degree  for  the  rest  of  life. 

Treatment. — Little  can  be  done  to  prevent  the  occurrence  of  cerebral 
hemorrhage,  because  miliary  aneurisms,  its  main  cause,  are  almost  entirely 
beyond  control.  The  degenerative  chances  incidental  to  age,  or  the  result 
of  an  inherited  tendency,  cannot  be  arrested,  and  perhaps  not  even  retarded. 
A  tranquil  life,  as  free  as  may  be  from  severe  exertion  of  body  or  anxiety  of 
mind,  with  nutritious  but  light  food,  probably  has  some  tendency  to  lessen 
the  rapidity  of  the  deterioration  of  the  tissues,  but  the  cases  are  few  in  which 
these  conditions  can  be  secured  at  will.  The  other  factor  in  the  production 
and  rupture  of  aneurisms,  the  intra-arterial  pressure,  can  be  to  some  extent 
influenced  by  occasional  saline  aperients  and  diuretics.  In  persons  who  are 
developing  the  conditions  favorable  to  hemorrhage,  and  especially  in  those 
whose  relations  have  suffered  from  apoplexy,  these  measures  are  of  especial 
importance,  as  is  also  the  avoidance  of  severe  muscular  exertion,  which 
entails  a  sudden  increase  of  the  strain  upon  the  arteries.  It  is  almost  super- 
fluous to  add  that  a  preceding  cerebral  attack  renders  these  measures  doubly 
important. 

In  the  attack  itself  the  aim  of  treatment  must  be  to  secure  the  conditions 
that  favor  the  arrest  of  the  bleeding.  Physical  rest  is  of  the  utmost  impor- 
tance. The  patient  should  be  laid  down,  but  with  the  shoulders  and  head 
well  raised.  The  clothes  about  the  neck  should  be  loosened,  and  flexion  of 
the  neck  avoided,  so  as  to  prevent  the  hindrance  to  the  return  of  blood  from 
the  head  that  compression  of  the  veins  would  cause.  All  muscular  effort 
should  be  forbidden.  It  cannot  be  doubted  that,  in  many  cases,  the  amount 
of  hemorrhage  has  been  greatly  increased  by  the  patient  walking  about  after 
the  onset  of  the  attack.  Even  passive  movement  should  be  as  little  as 
possible. 

Venesection  was  for  long  regarded  as  the  most  important  element  in 
treatment ;  and  many  authorities  are  still  of  the  same  opinion,  although 
the  disrepute  into  which  the  lancet  has  fallen  leads  to  hesitation  in  its  use. 
Formerly  the  surgeon  did  not  scruple,  in  any  case  of  apoplexy,  to  cut 
across  the  temporal  artery  to  obtain  a  free  flow  of  blood.  No  other  agent 
reduces  so  quickly  and  so  considerably  the  tension  of  the  blood,  and  patients 
occasionally  regain  consciousness  while  the  blood  is  flowing.  On  the  other 
hand,  it  has  been  objected  that  external  hemorrhage  only  ceases  when  the 
loss  of  blood  weakens  the  heart's  action  to  a  degree  that  would  increase 
the  peril  of  an  extensive  hemorrhage  into  the  brain.  It  is  also  said  that,  in 
most  cases  in  which  venesection  is  employed,  no  distinct  beneficial  influence 
can  be  traced.  Both  these  statements  are  true.  The  conditions  of  cerebral 
hemorrhage  are,  however,  in  many  respects  unlike  those  of  surface  bleeding. 
Some  of  the  influences  tending  to  arrest  are  more  powerful,  and  these  may 
be  aided  by  a  slighter  flow  of  blood  than  would  be  necessary  to  stop  a  surface 
bleeding.  Nor  is  the  absence  of  immediate  evidence  of  its  utility  a  consid- 
eration of  much  weight.  Indeed,  it  is  somewhat  strange  that  such  evidence 
should  ever  be  forthcoming,  when  it  is  remembered  that  the  arrest  of  the 
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bleeding  does  not  at  the  moment  lessen  any  of  the  conditions  on  which  the 
loss  of  consciousness  depends. 

But  venesection  should  not  be  employed  indiscriminately.  The  diagnosis 
of  hemorrhage  should  be  reasonably  certain,  since  in  thrombosis  loss  of 
blood  will  do  only  harm,  by  weakening  the  heart  and  favoring  the  exten- 
sion of  the  clot.  .This  effect,  to  be  desired  in  hemorrhage,  is  to  be  dreaded 
in  softening.  The  indications  for  venesection  are  a  regular,  strongly-acting 
heart,  and  an  incompressible  pulse.  They  are  strengthened  by  distinct 
hypertrophy  of  the  heart,  by  full  arteries,  strongly  pulsating  carotids  and  a 
turgid  face.  The  contra-indications  are  softness  of  the  pulse,  irregularity 
and  dilation  of  the  heart.  If  the  apoplexy  is  so  deep  that  the  respiration 
and  heart  are  suffering,  it  is  very  doubtful  whether  venesection  can  do  any 
good.  When  it  is  indicated,  the  sooner  the  blood  is  drawn  the  better.  A 
large  opening  should  be  made  into  the  vein,  and  ten  or  twelve  ounces  allowed 
to  flow  as  quickly  as  possible.  The  application  of  leeches  has  probably  very 
little  influence. 

The  next  important  element  is  free  purgation.  This  has  a  powerful  influ- 
ence on  the  cerebral  circulation,  by  filling  the  capacious  vessels  of  the  intes- 
tinal canal.  It  should  always  be  employed,  but  its  slowness  renders  it  an 
inefficient  substitute  for  bleeding  if  the  symptoms  are  urgent  and  venesec- 
tion is  distinctly  indicated.  Croton  oil  or  calomel  is  the  most  convenient 
agent,  ft  is  unfortunate  that  at  present  we  have  no  purgative  that  can  be 
used  hypodermically.     With  the  same  object  a  diuretic  should  be  given. 

To  promote  the  contraction  of  the  cerebral  vesssls,  ice  may  be  applied  to 
the  head,  provided  the  patient  is  not  collapsed,  and  a  grain  of  ergotine  may 
be  injected  under  the  skin.  Mustard  plasters  to  the  nape  of  the  neck  may 
be  employed  for  the  same  purpose,  to  induce  reflex  contraction  of  the  arteries, 
if  the  patient's  condition  is  one  of  pallor  and  collapse.  The  old  practice  of 
applying  them  to  the  soles  and  calves  rests  on  an  intelligible  basis,  since  even 
from  these  distant  parts  an  effect  may  be  produced  on  the  cerebral  vessels, 
and  the  dilatation  of  the  vessels  of  the  surface  must  aid  in  attracting  the 
blood  from  the  brain. 

Alcohol  should  be  avoided  unless  the  patient's  collapse  and  cardiac  depres- 
sion are  extreme.  If  a  mild  stimulant  is  indicated,  ammonia  may  be  given. 
It  is  very  desirable  to  arrest  convulsions  and  vomiting,  because  these  tend  to 
increase  the  bleeding.  In  one  case,  an  injection  of  thirty  grains  of  chloral 
into  the  rectum  appeared  to  stop  the  convulsions.* 

In  all  cases,  but  especially  if  the  coma  is  prolonged,  or  the  secondary 
pyrexia  considerable,  the  danger  of  the  occurrence  of  bed  sores  must  be  borne 
in  mind,  and  should  be  obviated  as  far  as  possible  by  extreme  cleanliness,  by 
a  water  bed,  and  by  changing  the  position  of  the  limbs  from  time  to  time, 
so  as  to  prevent  long-continued  pressure  on  the  same  spot.  Hot- water 
bottles  should  also  be  employed  with  great  care,  since  a  degree  of  warmth 

*  Bastian,  Trans.  Clin.  Soc,  xvii,  1884,  22. 
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that  can  be.  borne  with  impunity  in  health  will  cause  a  blister  and  slough  in 
early  hemiplegia. 

In  the  after-treatment  of  these  cases,  when  the  disturbance  of  the  onset 
has  passed  away,  and  slowly  lessening  palsy  remains,  it  is  important,  with 
the  view  of  preventing  a  recurrence,  to  observe  the  rules  of  life  described 
at  the  commencement  of  this  section.  The  treatment  of  the  consequences 
of  the  lesion,  such  as  hemiplegia,  is  the  same  as  when  they  are  due  to  soft- 
ening, in  the  account  of  which  they  are  described. 

The  treatment  of  ventricular  and  meningeal  hemorrhage  does  not  differ 
from  that  of  the  intra-cerebral  form,  although  little  can  be  hoped  for  from 
any  measures  that  can  be  adopted. 

INFANTILE  MENINGEAL  HEMORRHAGE  (CEREBRAL  BIRTH  PALSY). 

Meningeal  hemorrhage  is  occasionally  produced  during  birth  ;  the  accom- 
panying damage  to  the  brain  is  the  cause  of  permanent  symptoms,  weakness 
of  the  limbs  and  of  the  trunk,  incoordination,  spontaneous  movements, 
convulsions,  and  mental  defect.  The  cases  vary  much  in  degree,  and  it 
is  only  in  the  more  severe  forms  that  all  these  symptoms  are  present.  In 
some  cases  the  legs  suffer  chiefly,  and  the  condition  is  then  termed  "con- 
genital spastic  paraplegia,"  a  malady  that  has  already  been  described 
(p.  328).  When  the  spontaneous  movements  constitute  the  most  conspicu- 
ous symptom,  the  state  has  been  described  as  "  congenital  chorea." 

The  relation  of  these  symptoms  to  injury  to  the  brain  during  birth  was 
suggested  by  Dr.  Little,*  and  has  been  clearly  established  by  the  researches 
of  an  American  physician,  Dr.  Sarah  McNutt.f  The  following  account  of 
the  symptoms  is  based  on  thirty-six  cases  that  have  come  under  my  notice. 

The  hemorrhage  that  injures  the  brain  is  almost  always  due  to  special 
conditions  of  parturition.  In  some  cases  the  presentation  is  unnatural,  and 
the  head  is  born  last ;  in  such  cases  intense  mechanical  congestion  accom- 
panies the  compression,  and  the  occurrence  of  hemorrhage  is  easy  to  under- 
stand. This  was  the  cause  of  one-fifth  of  the  cases  that  have  come  under 
my  notice  (seven  out  of  thirty-six).  In  the  cases  of  head  presentation, 
there  has  almost  always  been  a  special  difficulty  in  the  birth  ;  the  labor  was 
prolonged,  and  often  there  was  great  difficulty  in  eliciting  signs  of  life 
in  the  child.  The  majority  of  the  children  are  first-born  ;  of  twenty-four 
cases  of  head  presentation  in  which  this  point  was  noted,  the  labor  was  the 
first  in  seventeen  instances.  In  most  of  the  muciparous  cases  the  previous 
labors  had  also  been  difficult.  In  one  case,  for  instance,  in  which  it  was  the 
third  confinement,  each  of  the  two  preceding  labors  had  been  so  prolonged, 
in  consequence  of  a  very  narrow  pelvis,  that  the  children  were  dead.  In 
some  of  the  cases  the  forceps  was  used,  but  it  is  probable  that  the  lesion  was 
the  result,  not  of  the  use  of  the  instruments,  but  of  the  conditions  that  made 

*  "Nature  and  Treatment  of  Deformities,"  1853  ;  Obstetrical  Tram.,  1862. 
f  American  Journal  of  Obstetrics,  January,  1885,  and  the  Am.  Journ.  of  Med.  Science, 
January,  1885. 
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them  necessary.  In  one  case,  a  fifth  labor,  the  forceps  was  not  used,  although 
it  had  been  employed  in  each  of  the  preceding  labors,  and  the  children  had 
escaped  injury.  The  condition  seems  to  be  as  frequent  in  one  sex  as  in  the 
other  ;  of  thirty-four  cases  in  which  the  sex  was  noted  seventeen  were  girls 
and  seventeen  boys. 

In  the  majority  of  cases  nothing  particular  is  noticed  in  the  condition  of 
the  child  during  the  first  few  days  or  weeks  of  life.  In  a  few,  however,  con- 
spicuous symptoms  attract  attention.  One  arm  and  leg  are  not  moved ; 
sometimes  none  of  the  limbs  are  moved,  but  the  latter  receive  less  notice 
than  does  the  one-sided  immobility.  Another  frequent  symptom  is  convulsion, 
general  or  onesided,  and  often  accompanied  by  persistent  rigidity  of  the 
limbs  and  with  inversion  of  the  thumbs.  Rarely  the  head  is  bent  back. 
The  convulsions  usually  cease  at  the  end  of  a  week  or  two.  In  many  cases 
it  is  not  until  the  child  is  four  or  five  months  old  that  a  deficiency  of  move- 
ment attracts  attention  ;  in  others,  again,  suspicion  is  only  excited  when  the 
child  fails  to  stand  and  walk  at  the  age  at  which  it  should  begin  to  do  so. 
Sometimes  the  first  thing  that  is  noted  is  strong  adductor  spasm  in  the  legs  ; 
in  other  cases  it  is  the  inability  to  affect  ordered  movements  with  the  hands. 
In  some  instances,  convulsions  are  the  most  prominent  symptoms,  and  the 
difficulty  in  the  use  of  the  limbs  is  often  ascribed  to  them. 

The  symptoms,  which  usually  increase  during  the  first  two  years  of  life, 
consist  of  weakness,  spasm,  incoordination  and  spontaneous  movements. 
Their  distribution  varies,  but  all  four  limbs  are  affected  in  about  two-thirds 
of  the  cases  (twenty-two  out  of  thirty-six),  and  the  trunk  and  neck  muscles 
are  also  conspicuously  involved  in  about  one-third  (eleven  cases).  In 
a  small  proportion  the  limbs  of  one  side  only  are  affected  (seven  cases),  and 
in  rather  fewer  (six  cases)  the  legs  alone  suffer  in  considerable  degree.  Very 
rarely  the  symptoms  are  confined  to  a  single  limb. 

In  the  arms  there  is  weakness  and  some  spasm,  which  varies  in  character, 
especially  toward  the  extremity  of  the  limb,  and  interferes  with  voluntary 
movement.  The  elbow  is  generally  flexed,  sometimes  extended.  The  wrist 
is  at  times  bent  at  a  right  angle  to  the  forearm,  at  other  times  it  is  over- 
extended. The  persistent  strong  flexion  may  even  lead  to  subluxation.  The 
thumbs  are  inverted  or  extended  ;  sometimes  the  metacarpal  bone  is  ex- 
tended and  the  phalanges  flexed.  The  fingers  are  flexed  at  the  metacarpo- 
phalangeal joints,  and  in  many  cases  they  are  over-extended  at  the  middle, 
joint,  which  may  be  subluxated.  Often,  however,  the  fingers  and  wrist  are 
in  constant  movement,  now  flexed  and  now  irregularly  extended.  The 
movement  is  generally  slow,  like  the  post-hemiplegicathetoid  spasm  ;  some- 
times it  is  quick,  and  may  bear  considerable  resemblance  to  the  movements 
of  chorea.  In  slight  cases  the  amount  of  spasm  is  trifling,  and  its  chief 
effect  is  the  interference  with  voluntary  movement,  which  always  exists  in 
some  degree.  The  fingers  are  separated  and  moved  irregularly  in  an  attempt 
to  take  hold  of  an  object.  It  is  often  impossible  for  the  child  to  pick  up 
an  object,  although  it  can  grasp  firmly  but  slowly.  In  a  severe  case,  when 
the  hand  has  at  last  closed,  it  may  be  very  difficult  for  the  child  to  relax  the 
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grasp.  The  condition  of  the  legs  is  that  described  and  figured  at  p.  329. 
Any  attempt  to  move  them,  and  any  peripheral  impression,  excites  extensor 
spasm,  which  renders  the  limbs  rigid,  the  heel  being  drawn  up  and  the  toes 
pointed  down.  There  is  commonly  some  persistent  contracture  in  the  calf 
muscles,  but  this  can  almost  always  be  completely  overcome  by  steady 
pressure  on  the  sole.  Often  the  feet  are  slightly  inverted,  and  I  have  once 
seen  such  extreme  talipes  varus  that  each  foot  was  turned  in  and  fixed  at  a 
right  angle  to  the  leg.  Occasionally  there  is  some  persistent  contraction  of 
the  flexors  of  the  knee.  There  is  often  also  spasm  in  the  adductors  of  the 
thighs,  which  may  be  sufficient  to  carry  one  leg  in  front  of  the  other  on  an 
attempt  to  stand  or  walk.  The  knee  jerk  is  excessive,  but  foot  clonus  can 
seldom  be  obtained.  Spontaneous  movements  of  the  toes  and  feet  may 
occasionally  be  observed.  In  very  rare  cases  the  arms  suffer  more  than  the 
legs.  The  limbs  that  are  affected  are  generally  thin,  but  there  is  never 
extreme  muscular  wasting.  Diminished  length  of  limb  may  be  perceptible 
when  the  affection  is  one-sided,  but  if  bot  sides  are  involvehd  on  difference 
can  be  found. 

The  muscles  of  the  trunk  are  sometimes  weakened,  so  that  the  child  has 
a  difficulty  in  sitting  up.  Still  more  frequently  there  is  a  difficulty  in  sup- 
porting the  head.  There  is  never  distinct  paralysis  of  the  face,  but  some- 
times traces  of  spasm  may  be  observed  about  the  mouth.  In  rare  cases 
there  is  some  unsteadiness  of  the  tongue,  and  occasionally  difficulty  in 
swallowing  and  defective  articulation  exist,  but  the  latter  is  usually  due  to 
another  frequent  symptom,  mental  defect.  This  exists  in  at  least  two-thirds 
of  the  cases,  from  a  doubtful  amount  to  complete  idiocy  with  permanent 
inability  to  speak.  In  most  of  the  cases  in  which  mental  power  is  low,  the 
affection  of  the  limbs  is  considerable,  but  the  opposite  rule  does  not  hold 
good  ;  the  muscular  affection  may  be  severe  and  general,  although  the  mind 
is  nearly  or  quite  normal.  Defect  of  sensation  can  never  be  demonstrated. 
I  have  once  seen  considerable  defect  of  sight  (associated  with  great  mental 
weakness)  ;  the  ophthalmoscopic  appearances  and  action  of  the  pupils  were 
normal. 

The  affection  of  the  two  sides  is  seldom  equal,  and  the  two  limbs  most 
affected  are  always  on  the  same  side.  Occasionally,  as  already  stated,  one 
side  escapes,  and  if  the  right  limbs  are  those  involved  the  child  is  left- 
handed.  When  the  legs  seem  to  be  alone  affected,  slight  incoordination, 
or  at  least  awkwardness  of  movement,  may  generally  be  observed  in  one 
arm  or  in  both. 

Convulsive  attacks  occur  only  in  a  small  proportion  of  cases,  and  they 
are  rather  more  frequent  when  the  affection  is  one-sided  than  when  it  is 
general.  They  seldom  date  from  birth ;  initial  convulsions  rarely  persist. 
Subsequent  fits  begin  generally  during  the  second  half  of  the  first  year ;  they 
may  cease,  after  lasting  for  a  short  time,  or  may  recur.  The  occurrence  of 
fits  bears  no  relation  to  the  severity  of  the  limb  symptoms  ;  and,  indeed, 
the  latter  may  be  scarcely  recognizable  when  the  former  are  severe.  If  the 
limb  symptoms  are  one-sided,  so  also,  as  a  rule,  are  the  convulsions. 
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The  subsequent  course  of  these  cases  is  one  of  slow  improvement,  but  it 
is  only  when  symptoms  are  slight  that  they  approximately  disappear.  There 
is  a  peculiar  oscillation  in  walking,  and  for  a  long  time  the  patient  may  walk 
on  the  ball  of  the  foot,  the  toes  not  touching  the  ground.  Some  peculiarity 
of  gait  may  persist  through  life. 

Pathology. — In  many  of  these   cases,  as   we   have   seen,  convulsions, 
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Meningeal  hemorrhage  during  birth.    The  shading 
represents  the  extravasation. 


Medial  aspect  of  the  hemisphere  ;  same  case. 
(After  McNult.) 


rigidity  and  paralysis  are  observed  immediately  after  birth.  If  children 
die,  who  present  such  symptoms,  meningeal  hemorrhage  is  invariably  found. 
The  extravasation  is  sometimes  over  the  convexity  of  the  brain,  sometimes 
at  the  base.  In  the  former  situation  it  is  generally  bilateral,  and  is  most 
considerable  over  the  central  region  and  toward  the  middle  line  (Fig.  286) ; 
it  is  found  also  on  the  medial  aspect  of  the  hemisphere  (Fig.  287) ;  some- 
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Fig.  288  left,  and  Fig.  289  right,  hemispheres  of  the  brain  of  a  child,  the  subject  of  bilateral  birth  palsy. 

(After  McAutt.) 

■  times  it  exists  only  over  the  posterior  part  of  the  convexity.  Where  the 
layer  of  blood  is  thicker  the  convolutions  are  much  compressed,  and  are 
sometimes  much  injured,  the  cerebral  tissue  being  broken  up  and  infiltrated 
with  blood.  The  hemorrhage  at  the  base  is  chiefly  in  the  posterior  fossa 
beneath  the  tentorium,  surrounding  the  pons,  medulla  and  cerebellum,  and 
it  generally  proceeds  from  a  laceration  in  the  cerebellar  hemisphere1.     Dr. 
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McNutt  found  that  the  basal  hemorrhage  occurred  in  cases  of  head  presenta- 
tion, while  the  most  intense  extravasation  over  the  cerebral  hemispheres 
were  found  in  cases  of  foot  presentation.  It  is  probable,  however,  that  the 
cortical  hemorrhage  also  occurs  in  cases  in  which  the  head  is  born  first. 

In  older  children,  who  present  the  symptoms  that  have  been  described, 
the  lesion  found  is  atrophy  of  the  convolution  in  a  certain  region  of  the 
brain,  generally  the  central  convolutions,  which  maybe  small  and  indurated, 
and  lie  at  the  bottom  of  a  considerable  depression.  This  appearance  agrees 
perfectly  with  the  condition  found  in  early  cases,  since  the  blood  will  be 
slowly  removed,  and  only  the  damage  to  the  cortex  of  the  brain  will 
remain. 

These  conditions  explain,  to  a  large  extent,  the  symptoms  observed. 
The  facts  that  the  thickest  part  of  the  extravasation  is  over  the  motor  region, 
and  that  it  is  over  both  hemispheres,  explain  the  distribution  of  the  symp- 
toms in  the  limbs,  and  their  bilateral  character.  The  frequency  with  which 
the  legs  are  involved  in  considerable  degree  is,  no  doubt,  due  to  the  position 
of  the  leg  centres  near  and  in  the  longitudinal  fissure.  Experiment  refers 
to  the  same  region  the  centres  for  the  trunk  muscles,  which  are  also  often 
weakened.  The  persistence  of  some  damaged  nerve  cells  may  explain  the 
occurrence  of  the  convulsions,  and  perhaps  also  of  the  spontaneous  move- 
ments. The  spasm  may  be  connected  in  part  with  the  •secondary  degenera- 
tion (or  arrested  development)  of  the  pyramidal  fibres.  That  in  the  legs 
resembles,  in  its  main  features,  the  spasm  that  follows  a  lesion  of  the  pyra- 
midal tracts  in  the  spinal  cord,  and  the  differences  are  no  doubt  due  to  the 
occurrence  of  the  disease  during  the  stage  of  development.  It  is  possible 
that  a  more  complex  mechanism  may  be  concerned  in  producing  the  inco- 
ordination, such  as  the  deficient  control  and  balance  of  other  cerebral 
centres.  The  extent  of  the  damage  to  the  cortex  of  the  brain  is  a  sufficient 
explanation  of  the  mental  defect  that  so  often  coexists. 

We  are  not  at  present  able  to  say  what  symptoms  are  due  to  hemorrhage 
about  the  pons  and  medulla.  It  seems  reasonable  to  ascribe  to  this  the  weak- 
ness of  the  neck  and  the  symptoms  in  the  region  of  the  bulbar  nerves. 
Nevertheless,  it  is  possible  that  these  may  be  due  to  symmetrical  lesions  in 
the  cerebral  hemispheres.  It  is  unlikely  that  any  limb  symptoms  are  due  to 
injury  to  the  anterior  pyramids  of  the  medulla,  because  the  symptoms  are 
similar  in  all  cases,  and  are  certainly  generally  due  to  the  cortical  lesion. 
That  they  are  the  same,  whether  or  not  there  is  weakness  of  the  neck,  is  a 
fact  that  suggests  the  cortical  origin  of  the  latter  symptom  also. 

Diagnosis. — In  a  well-marked  case,  in  which  the  symptoms  are  general, 
the  recognition  of  the  disease  is  easy  if  its  occurrence  is  known.  Some  dif- 
ficulty is  presented  by  cases  in  which  the  symptoms  are  one-sided,  or  in 
which  the  legs  only  are  affected.  The  most  important  distinctions  from 
other  cerebral  diseases  are,  first,  that  the  condition  is  stationary  and  not  pro- 
gressive, and  secondly,  that  there  is  no  history  of  a  distinct  onset  of  the 
symptoms  at  some  period  subsequent  to  birth.  Symptoms  of  similar  char- 
acter are  occasionally  caused  by  a  t«mor  of  the  brain,  but  then  gradual 
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development  and  steady  increase  show  the  existence  of  a  progressive  lesion. 
Similar  stationary  symptoms  may  succeed  an  acute  lesion  ;  there  is  then  a 
clear  onset  to  be  traced,  often  with  severe  symptoms,  and  preceded  by  per- 
fect freedom  from  similar  symptoms.  In  the  case  of  birth  palsy,  if  the 
derangement  of  movement  was  first  noticed  at  a  certain  period,  it  is  generally 
evident  that  attention  had  not  been  specially  given  to  the  state  of  the  limbs. 
A  distinct  difficulty  in  birth,  or  an  unnatural  presentation,  can  generally  be 
ascertained  ;  and  in  many  cases  there  is  a  history  of  convulsions,  etc.,  im- 
mediately after  birth,  to  confirm  the  diagnosis.  When  the  legs  suffer  chiefly, 
the  case  is  often  thought  to  be  disease  of  the  spinal  cord.  As  already  men- 
tioned, however,  slight  derangement  of  movement  in  the  hands  can  generally 
be  detected,  and  it  should  be  remembered  that  chronic  disease  of  the  cord 
in  yctung  children  is  almost  unknown.  In  any  case  of  spastic  paraplegia 
in  a  child  in  whom  there  is  no  bone  disease,  a  cerebral  cause  is  always 
probable. 

Prognosis. — As  the  damage  to  the  brain  is  necessarily  permanent,  so  are 
its  effects.  But  when  there  is  no  considerable  mental  defect,  the  disorder  of 
movement  lessens  in  later  childhood,  because  the  will  gradually  acquires 
more  power  over  the  movement  of  the  limbs,  and  is  able,  to  some  extent,  to 
counteract  the  influence  of  the  spasm.  In  all  except  the  most  severe  cases 
the  child  ultimately  acquires  some  ability  to  stand  and  walk,  although  it  may 
be  only  at  the  age  of  six  or  eight.  As  already  stated,  the  gait  is  often  per- 
manently peculiar.  The  mental  condition  also  slowly  improves.  In  every 
case,  however,  the  prognosis  must  depend  on  the  severity  of  the  symptoms; 
what  state  the  improvement  will  ultimately  leave  must  depend  upon  the 
amount  of  defect,  motor  and  mental,  and  upon  the  signs  of  improvement 
that  can  be  discerned.  It  must  be  remembered  also  that,  as  a  rule,  the 
greater  the  defect,  the  later  does  improvement  occur. 

Treatment. — Drugs  have  no  influence  on  the  morbid  state,  and  but  little 
on  the  symptoms.  Even  in  the  early  stage,  soon  after  birth,  it  is  doubtful 
whether  any  treatment  can  influence  the  process  by  which  the  brain  is 
damaged.  The  meningeal  hemorrhage  probably  occurs  during  birth  only, 
and  there  is  no  evidence  of  any  subsequent  increase  in  the  extravasation.  No 
agents  can  be  expected  to  facilitate  the  removal  of  the  compressing  blood, 
which  is  only  slowly  absorbed  after  permanent  tissue  changes  have  occurred 
in  the  cortex.  On  these  the  persistent  symptoms  depend,  and  their  dimi- 
nution is  due  rather  to  the  functional  education  of  the  least  damaged  and 
undamaged  structures,  than  on  any  alterations  in  the  disease  itself.  Treatment, 
as  far  as  it  is  possible,  must  consist  in  promoting  this  education  by  practiced 
movements  of  the  nature  of  gymnastics.  As  soon  as  the  child  becomes  able 
to  stand,  the  attempt  to  walk  is,  in  itself,  a  valuable  training.  Instruments 
sometimes  enable  it  to  stand  some  time  before  this  would  otherwise  be  pos- 
sible, and  they  may  thus  distinctly  accelerate  improvement.  It  is  useless, 
however,  to  employ  instruments  until  there  is  enough  voluntary  power  and 
control  to  enable  the  child  to  stand  alone  with  their  aid.  Electricity  in  all 
forms  is  useless;  its  prolonged  use  ir> cases  under  my  care  has  shown  that 


SOFTENING    OF    THE    BRAIN.  807 

has  no  influence  over  either  the  weakness,  the  spasm,  or  the  incoordination. 
The  treatment  of  convulsive  attacks  is  similar  to  that  of  other  forms  of 
epilepsy,  but  the  attacks  are  less  readily  influenced  by  drugs.  Operative 
interference  with  the  brain  is  not  to  be  thought  of;  it  could  do  good  only 
soon  after  birth,  and  it  is  not  likely  that  any  child  could  possibly  survive 
such  a  procedure  as  would  be  necessary  for  the  removal  of  the  clot. 


SOFTENING  OF  THE  BRAIN. 
Softening  of  the  brain*  is  the  common  result  of  many  morbid  processes. 
The  diminution  of  consistence  is  due  to  the  breaking  up  of  the  nerve  ele- 
ments;  the  resulting  particles  become  separated  by  serum,  so  that  a  soft 
pulp  replaces  the  original  firm  tissue.  It  is  the  characteristic  change  in  in- 
flammation of  the  brain — and  not  long  since  all  forms  of  softening  were 
thought  to  be  inflammatory.  We  now  know  that  the  old  view  is  erroneous, 
and  that  most  cases  of  acute  softening  are  due  to  a  very  different  cause,  to 
the  arrest  of  the  blood  supply  by  occlusion  of  an  artery,  f  In  the  part^sup- 
plied  by  the  occluded  vessel,  the  nerve  elements,  deprived  of  nutrition,  at 
once  lose  their  functional  powers,  and  quickly  undergo  degeneration.  In 
many  parts  of  the  brain  there  is  not  sufficient  communication  between  the 
terminal  arterial  twigs  to  permit  of  the  reestablishment  of  the  circulation, 
and  structural  degeneration  occurs  in  the  delicate  nerve  elements  with  great 
rapidity.  A  similar  result  may  follow  occlusion  of  a  vein :  if  the  venous 
communications  are  insufficient  to  allow  the  blood  to  escape  by  some  other 
channel,  the  circulation  in  the  part  is  at  an  end,  and  the  nerve  elements 
break  up ;  but  the  venous  anastomoses  are  generally  sufficient  to  prevent 
complete  necrosis  of  the  part.  In  rare  instances  there  is  softening  that  can- 
not be  referred  to  either  of  these  processes,  but  it  is  then  always  chronic, 
never  acute.  Acute  Softening  from  (i)  inflammation,  (2)  arterial  occlusion, 
( 3)  venous  occlusion,  and  (4)  Chronic  Softening.  The  first  of  these  varieties 
will  be  described  in  the  chapter  on  inflammation  of  the  brain,  and  the  last 
among  the  degenerations. 


*  It  should  be  remembered  that  there  is  a  considerable  difference  between  the  popular  and 
the  medical  uses  of  the  term  "  softening  of  the  brain."  The  general  meaning  attached  to  the 
term  is  chronic  mental  failure,  and  the  disease  most  frequently  thus  designated  is  general 
paralysis  of  the  insane.  In  medical  use  the  term  is  restricted  to  the  condition  in  which  the 
pathological  change  actually  exists.  Some  care  must  therefore  be  exercised  in  using  the  term 
lest  it  convey  an  erroneous  impression  of  the  future  course  of  the  disease. 

f  The  relation  of  senile  softening  to  degeneration  of  the  arteries  was  first  clearly  recognized 
by  Rostan  in  1823,  and  soon  afterward  by  Abercrombie,  Carswell,  and  others.  That  em- 
bolism is  a  frequent  cause  of  softening  was  first  pointed  out  by  Virchow  (in  the  first  volume 
of  his  "  Archives  "),  and  in  this  country  by  Kirkes,  who  in  an  admirable  paper  {Medico- 
Ckir.  Trans.,  1832,  p.  281)  brought  our  knowledge  of  the  subject  within  a  measurable  dis- 
tance of  its  present  position,  and  he  did  so  apparently  without  being  acquainted  with  the 
earlier  paper  of  Virchow. 


808  BRAIN. 

SOFTENING  FROM  ARTERIAL  OCCLUSION. 
(NECROTIC  SOFTENING-ENCEPHALOMALACIA.) 

Softening  from  arterial  occlusion  is  not  only  far  more  common  than  all  the 
other  forms  of  softening  put  together,  but  it  is  one  of  the  most  frequent  dis- 
eases of  the  brain,  perhaps  exceeding  in  frequency  cerebral  hemorrhage.* 

General  Etiology  and  Pathology. — Two  pathological  processes  may 
cause  the  occlusion  of  an  artery ;  a  plug  coming  from  a  distance  may  be 
carried  into  it  by  the  blood  (embolism),  or  a  plug  may  be  formed  in  it  by 
coagulation  (thrombosis).  There  is  an  important  difference  in  the  patho- 
logical relations  of  these  two  processes.  Embolism  is  the  result  of  a  morbid 
process  elsewhere  in  the  circulation,  commonly  in  the  heart.  Thrombosis  is 
usually  the  result  of  local  disease  of  an  artery  of  the  brain,  by  which  either 
its  calibre  is  narrowed,  or  its  inner  surface  is  changed,  so  as  to  cause  coagu- 
lation ;  often  both  these  conditions  coincide.  The  chief  pathological  pro- 
cesses that  cause  these  changes  are  atheroma  and  syphilitic  disease.  A 
change  in  the  constitution  of  the  blood,  rendering  it  prone  to  coagulate, 
and  slower  movement  of  the  blood,  from  feebleness  of  the  heart,  often  aid 
the  jeffect  of  the  arterial  disease  in  producing  thrombosis,  and  sometimes 
cause  it  when  the  arteries  are  free  from  disease. 

But  although  the  primary  processes  of  thrombosis  and  embolism  are  thus 
distinct,  and  usually  occur  under  very  different  conditions,  they  are  often 
conjoined  in  a  secondary  manner.  If  an  artery  is  obstructed  by  embolism, 
the  stagnant  blood  in  it  may  clot,  extending  the  occlusion.  If  a  clot  forms 
in  an  artery  it  may  be  detached  (as  Laborde  has  shown)  and  may  obstruct 
the  vessel  further  on  by  a  process  which  is  actually  embolism.  But  such  a 
condition,  in  which  the  plug  is  formed  in  the  vessel  occluded,  although  not 
at  the  place  of  occlusion,  is  regarded  as  a  form  of  thrombosis.  Moreover, 
increased  coagulability  may  cause  a  clot  to  form  in  the  heart,  and  thus  be  a 
cause  of  embolism  as  well  as  of  thrombosis  in  situ.  But  in  spite  of  this 
occasional' combination  of  the  morbid  processes,  the  general  distinction 
between  them  is  of  the  first  importance. 

EMBOLISM. 
The  source  of  the  plug  must  be  somewhere  between  the  lungs  and  the 
brain — in  the  pulmonary  veins,  the  left  side  of  the  heart,  the  commence- 
ment of  the  aorta,  or  the  large  arteries  of  the  neck.  It  is  possible  that 
septic  material  may  pass  through  the  lungs,  and  lodge  in  the  brain,  but  only 
capillaries  can  be  obstructed  by  particles  that  can  pass  through  the  capillaries 
of  the  lungs,  and  any  local  softening  of  the  brain  thus  produced  is  usually 
purulent,  a  cerebral  abscess  or  minute  points  of  suppuration.  When  an 
artery  has  been  plugged  in  consequence  of  septicemic  processes  in  the 

*This  is  the  common  opinion,  and  is  very  likely  correct,  although  the  evidence  is  not  con- 
clusive. In  the  post- mortem  room  hemorrhage  is  the  more  frequent  lesion,  but  hemorrhage 
is  more  often  quickly  fatal  than  softening  is.  It  is  probable  that  post-mortems  in  work- 
houses would  show  the  cases  of  softening  to  be  in  considerable  excess. 
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general  system  (as  uterine  phlebitis),  there  has  usually  been  either  a  pul- 
monary abscess  or  endocarditis,  to  furnish  the  embolus.  In  most  cases  the 
plug  comes  from  the  heart,  and  its  source  is  either  diseased  valves,  vegeta- 
tions from  which  are  separated  and  carried  along  with  the  blood,  or  a  co- 
agulum  in  the  left  auricle,  a  fragment  of  the  clot  being  detached.  It  is 
rather  more  common  in  cases  of  recent  endocarditis,  rheumatic  or  "  ulcera- 
tive," than  in  chronic  disease.  A  fresh  attack  of  endocarditis,  in  valves 
previously  diseased,  is  especially  likely  to  give  rise  to  embolism.  The  plug 
may  come  from  either  the  aortic  or  mitral  valves,  from  the  latter  much  more 
often  than  from  the  former.  The  most  frequent  valvular  disease  that  causes 
embolism  is  mitral  constriction,  in  which  several  conditions  probably  favor 
the  occurrence.  The  slow  flow  through  the  narrow  orifice  during  diastole 
must  favor  the  aggregation  of  white  corpuscles  on  the  valve,  and  the  quick 
flow  during  the  auricular  systole  favors  the  detachment  of  the  masses  thus 
formed.  Moreover,  in  this  disease,  there  is  often  great  dilatation  of  the 
auricle,  and  clot  forms  in  the  auricular  appendix  ;  fragments  of  this  clot 
which  are  apt  to  be  detached,  or  softening  occurs  within  it,  and  the  softened 
particles  pass  into  the  blood.  The  softened  clot  often  contains  bacterial 
organisms,  and  in  ulcerative  endocarditis,  also,  the  particles  detached  (usu- 
ally small)  may  carry  micrococci  into  the  cerebral  arteries.  Hence  in  both 
these  conditions  there  is  often  plugging  of  minute  vessels  associated  with 
signs  of  septic  poisoning. 

Outside  the  heart  the  plug  comes,  in  rare  cases,  from  the  lungs,  and  may 
arise  there  from  many  morbid  processes,  growths,  etc.  Less  rarely  it  comes 
from  the  aorta  ;  when  its  wall  is  the  seat  of  atheroma  ;  fragments  of  degen- 
erated tissue  or  of  clot  may  be  carried  away  by  the  blood.  I  have  once 
known  the  plug  to  come  from  the  interior  of  an  aneurism. 

Embolism  occurs  with  equal  frequency  in  both  sexes.  It  is  met  with  at 
all  periods  of  life,  but  it  is  most  frequent  between  later  childhood  and  middle 
life.  In  the  old  it  is  less  frequent,  both  absolutely  and  in  comparison  with 
thrombosis.  The  subjects  of  it  have  usually  suffered  from  those  diseases 
that  are  attended  with  endocarditis — rheumatic  fever,  chorea,  scarlet  fever, 
in  this  order  of  frequency.  It  may  occur  in  the  course  of  these  diseases,  or 
succeed  them  at  any  interval  of  time.  At  the  time  of  the  embolism,  or  soon 
afterward,  the  signs  of  organic  heart  disease  are  almost  always  to  be  recog- 
nized. It  occurs  also,  although  very  rarely,  as  a  result  of  other  acute  spe- 
cific diseases,  any  one  of  which  is  occasionally  attended  with  endocarditis. 

An  immediate  exciting  cause  is  rarely  to  be  traced.  I  have  met  with  one 
instance  in  which  the  obstruction  followed  immediately  a  severe  fright, 
which,  by  exciting  the  action  of  the  heart,  may  have  effected  the  detach- 
ment of  the  plug.  Increased  coagulability  of  the  blood  sometimes  coope- 
rates by  causing  an  increase  of  deposit  on  diseased  valves,  or  the  formation 
of  a  separate  clot  in  a  feeble  heart.  Hence  embolism  often  occurs  a  week 
or  two  after  childbirth.  This  is  a  point  of  some  practical  importance ;  con- 
ditions favoring  thrombosis  do  not  necessarily  render  embolism  less 
probable. 
51 
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Thrombosis.— As  we  have  seen,  thrombosis  may  be  due  to  atheroma,  to 
syphilitic  disease  of  the  arteries,  or  to  a  change  in  the  blood. 

Atheroma.—  The  larger  arteries  at  the  base  of  the  brain  are  very  common 
seats  of  the  thickening  of  the  inner  coat,  called  by  Virchow  "  Endarteritis  \ 
deformans,"  which,  when  fattily  degenerated,  constitutes  "atheroma."  ■] 
Opaque  yellow  thickenings,  sometimes  calcified,  are  the  result.  Only  one  i 
or  two  of  these  may  be  present ;  but  the  change  usually  involves  many  of 
the  larger  vessels  at  the  base,  and  extends  for  a  considerable  distance  along 
the  chief  cerebral  branches.  The  distribution  of  the  degeneration  may  be 
symmetrical.  It  may  coexist  with  a  similar  change  in  arteries  elsewhere,  or 
may  be  isolated.  The  exciting  cause  of  this  disease  is  probably  the  strain 
to  which  these  arteries  are  exposed  in  consequence  of  their  proximity  to  the 
heart  and  their  deficient  external  support.  It  is  not  easy  to  explain  their 
occasional  freedom  from  atheroma  when  this  is  abundant  elsewhere.  The 
result  of  these  nodular  degenerations  is  to  change  the  calibre  of  the  vessel, 
sometimes  to  lessen  it  or  to  close  it  altogether,  sometimes  to  enlarge  it.  The 
alteration  in  the  lining  membrane  leads  to  the  formation  of  clot  upon  it,  as 
on  a  foreign  body.  Where  the  calibre  of  the  vessel  is  increased  the  current 
is  retarded,  and  this  also  facilitates  coagulation.  The  smaller  arteries  in  the 
cerebral  substance  do  not  suffer  in  the  same  degree,  although  their  coats  are 
sometimes  thickened  by  similar  changes  which  may  even  lead  to  the  oblitera- 
tion of  the  vessel.*  The  small  arteries  coming  off  from  an  atheromatous 
vessel,  are  often  occluded  by  the  disease  at  their  place  of  origin,  although 
the  trunk  is  pervious. 

Atheroma  is  common  after  middle  life,  and  increases  in  frequency  with 
age.  It  occasionally  occurs  before  forty,  chiefly  in  association  with  chronic 
Bright's  disease,  in  which  the  arterial  tension  increases  the  strain  on  the 
vessels.  Softening  from  atheroma  shows  a  corresponding  relation  to  age. 
It  increases  in  frequency  as  life  advances,  and  the  increase  continues,  if  due 
correction  is  made  for  the  diminished  population,  to  extreme  senility,  exhib- 
iting in  this  respect  a  contrast  to  hemorrhage  (see  p.  776).  The  occurrence 
of  atheroma,  and  therefore  of  softening,  seems  facilitated  by  chronic  alco- 
holism. A  cachectic  state  of  the  system,  or  some  cause  (such  as  prostrating 
illness  or  grief)  that  alters  the  constitution  of  the  blood,  and  weakens  the 
action  of  the  heart,  often  concurs  in  producing  the  thrombosis. 

Syphilitic  disease  is  a  common  cause  of  softening.  It  is  chiefly  a  conse- 
quence of  acquired  syphilis,  and  so  occurs  in  adult  life.  About  half  the 
sufferers  are  between  thirty  and  forty  at  the  time  of  the  attack,  one-third 
between  twenty  and  thirty,  and  most  of  the  remainder  between  forty  and 
fifty;  under  twenty,  and  over  fifty  it  is  very  rare.  The  period  after  infection 
at  which  it  is  developed  varies  much,  but  in  the  majority  of  cases  is  from 
one  to  twelve  years.  I  have  met  with  it  as  early  as  six  months  and  as  late  as 
nineteen  years  after  the  primary  sore.     Twenty-six  cases  in  which  the  diag- 

*  Fatty  degeneration  of  the  cells  lining  the  perivascular  sheaths  of  the  minute  arteries  is 
very  common  even  in  the  young,  but  is  without  pathological  significance. 
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Fig.  290. 


nosis  was  practically  certain,  and  the  period  after  infection  could  be  definitely 
ascertained,  were  distributed  as  follows :  1  year,  3  (in  none  less  than  six 
months);  1-3  years,  9;  -6  years,  4;  -9  years,  4;  -12  years,  25-15 
years,  2  ;  -  18  years,  1 ;  -  20  years,  1  (at  19  years  after  infection).  Thus  16 
cases  out  of  26  occurred  during  the  first  six  years,  6  occurred  during  the 
second  six  years,  and  5  during  the  third  six  years.  No  cases  in  married 
women  are  available  for  comparison  because  the  date  of  infection  cannot  be 
ascertained  ;  many  other  cases  are  not  available  because  the  individual  has  had 
more  than  one  sore.  The  above  twenty-six  cases  are  all  that  could  be  em- 
ployed for  this  purpose  out  of  about  a  hundred  of  which  I  have  notes,  in  which 
the  diagnosis  was  reasonably  certain.  It  has  been  met  with  in  characteristic 
form  as  a  result  of  inherited  syphilis,  between  birth  and  the  tenth  year. 

As  an  isolated  change  (apart  from  massive  syphilitic  growths)  it  is  almost 
confined  to  the  larger  arteries  of  the  base.  The 
vessels  most  commonly  affected  are  the  internal 
carotid,  middle  cerebral,  vertebral,  basilar  and 
posterior  cerebral.  Usually  several  vessels  are 
affected.  The  distribution  of  the  change  is  com- 
monly irregular,  but  sometimes  it  is  symmetrical. 
The  change  may  proceed  to  the  obliteration  of 
the  vessel,  but  more  frequently  when  the  lumen 
is  considerably  narrowed  a  clot  forms  within  it 
and  suddenly  arrests  the  circulation.  The  wall 
is  thickened  at  circumscribed  areas  by  a  fibro- 
nuclear  growth,  which  causes  a  nodular  projec- 
tion on  the  exterior  (Fig.  290),  and  diminishes 
also  the  calibre  of  the  vessel.  The  structure  of 
the  growth  resemble;  that  of  syphilomata  else- 
where. It  generally  begins  by  a  nuclear  prolif- 
eration between  the  inner  coat  and  the  elastic  syphilitic  disease  of  the  basilar  and 

,  -     .  -,        ..     -  -.  1  -    c       vertebral  arteries  :  thrombosis  of  left 

lamina;  and   in   some  cases  it  attains  its  chief    vertebral. 

development  in  this  situation,  the  elastic  lamina 

being  pushed  outward  and  the  lumen  of  the  vessel  obliterated.     The  middle 

coat  may  ultimately  disappear.     Vessels  may  form  in  the  substance  of  the 

growth,  and  its  centre  may  undergo  fatty  degeneration. 

Other  forms  of  arterial  disease  causing  thrombosis  are  very  rare.  Occa- 
sionally pressure  on  an  artery  so  narrows  it  that  coagulation  occurs.  Secon- 
dary arteritis  may  result  from  inflammation  of  the  membranes,  especially 
from  traumatic  meningitis.  The  outer  coat  of  the  vessels  becomes  thickened, 
and  degenerative  changes  may  be  set  up  in  the  middle  and  inner  coats,  and 
may  lead  to  thrombosis  months  or  years  after  the  primary  mischief.  In  a 
easel  have  recorded  elsewhere*  the  patient  died  from  softening  so  produced 
some  years  after  the  original  injury,  from  which  he  had  apparently  quite 
recovered.     In  the  course  of  tubercular  meningitis,  a  tubercular  infiltration 


*  "  Medical  Ophthalmoscopy,"  Case  4,  2d  ed.,  p.  270. 
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of  the  walls  of  the  arteries  has  been  met  with,  and  has  produced  thrombosis 
(Schuh).  Lastly,  it  may  be  mentioned  that  ligature  of  the  carotid  occa- 
sionally, although  rarely,  causes  necrotic  softening  of  the  brain.  Usually 
the  collateral  circulation  is  sufficiently  free  to  prevent  this. 

Blood  States  ;  Simple  Thrombosis. — In  certain  conditions  of  the  blood 
coagulation  occurs  with  undue  readiness.  These  states  accompany  child- 
birth, acute  diseases,  cancer,  gout,  tuberculosis,  and  general  malnutrition  at 
all  periods  of  life,  but  especially  in  young  children  and  old  persons.  Coin- 
ciding with  disease  of  the  arteries,  it  exerts  a  powerful  influence  on  the 
occurrence  of  thrombosis  in  them.  In  the  old  this  influence  is  often  seen  ; 
the  accident  follows,  for  instance,  some  general  illness  or  some  depressing 
emotion.  Arterial  thrombosis  may  occur  also  from  this  cause  when  there  is 
no  arterial  disease,  or  the  clot  may  form  in  a  vein  or  sinus.  This  occurs 
occasionally  in  adults,  as,  for  instance,  in  the  course  of  phthisis.  It  has 
even  been  known  to  occur  in  chlorosis.*  Sudden  hemiplegia  sometimes 
occurs  under  conditions  of  impaired  general  health  in  young  adults,  in 
whom  syphilis  and  heart  disease  can  both  be  excluded;  spontaneous  throm- 
bosis seems  the  most  probable  cause.  A  sudden  cerebral  lesion  frequently 
occurs  in  children  during  the  course  of  an  acute  specific  disease,  or  in  young 
children  without  any  exciting  cause;  it  is  probably  due  in  most  cases  to 
thrombosis  in  a  vein  or  artery,  but  it  is  occasionally  the  result  of  endocarditis 
and  embolism.  On  account  of  the  uncertainty  as  to  their  exact  nature,  and 
certain  clinical  peculiarities,  these  cases  are  separately  described. 

Cardiac  Weakness. — The  slower  the  blood  current  the  more  readily  does 
coagulation  occur.  Hence  feebleness  of  the  heart's  action  is  a  powerful 
factor  in  the  production  of  thrombosis.  The  weakness  may  be  due  to  car- 
diac disease,  especially  dilatation  of  the  left  ventricle,  or  it  may  be  due  to 
general  causes,  prostration  from  acute  or  chronic  illness,  and  the  like. 
Many  of  the  general  causes  of  thrombosis  probably  act  as  much  or  more  by 
weakening  the  heart  as  by  altering  the  blood. 

Pathological  Anatomy. — Embolism. — The  plug  may  consist  of  fibrin, 
usually  decolorized  ;  of  vegetation;  soft  or  firm,  from  a  cardiac  valve  ;  some- 
times ot  a  calcareous  mass  from  a  valve  of  the  heart  or  the  wall  of  an  artery; 
and  sometimes  of  minute  fragments  resulting  from  the  breaking  down  of  clot 
or  atheromatous  material.  In  the  latter  case  minute  vessels,  even  capilla- 
ries, may  be  plugged  ;  in  the  former  case  a  large  vessel  is  usually  obstructed. 
Occasionally  a  plug,  after  obstructing  a  large  vessel,  breaks  up,  and  the  frag- 
ments pass  on  into  the  smaller  branches.  The  embolus  is  usually  arrested 
where  the  artery  is  narrowed  by  giving  off  a  large  branch,  very  often  at  a 
bifurcation,  Fig.  291.  If  firm,  it  may  retain  its  original  shape,  but  if  soft  it 
may  be  moulded  to  the  form  of  the  vessel  by  the  pressure  of  the  blood.  A 
coagulum  usually  forms  beyond  the  plug,  and  extends  into  the  distal 
branches,  and  another  often  forms  on  the  cardiac  side  of  the  plug  as  far  as 
the  origin  of  a  large  branch.     The  secondary  clot  is  red,  and  from  it  the 

*  Skerritt,  Clin.  Soc,  March  13th,  1885. 
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paler  embolus  can  usually  be  distinguished  without  difficulty  (Fig.  291). 
Sometimes  the  distal  part  of  the  vessel  is  empty  and  contracted.  The 
obstructing  plug  may  break  up  and  pass  on  into  the  minute  branches  before 
coagulation  occurs.  Hence  we  cannot  always  find  an  obstructed  artery 
even  when  extensive  softening  has  occurred. 

The  middle  cerebral  arteries  and  their  branches  are  the  most  frequent  seat 
of  embolism,  because  they  are  the  direct  continuation  of  the  carotid,  and 
from  the  mode  of  origin  of  the  left  carotid  the  left  middle  cerebral  is  rather 
more  frequently  plugged  than  the  right.  But  the  difference  between  the  two 
is  less  than  is  often  stated,  the  proportion  being  as  six  to  five.*  Both  mid- 
dle cerebral  arteries  have  been  obstructed  in  rare  instances.f  Very  seldom 
the  internal  carotid  is  obstructed,  but  the  circulation  in  its  branches  is 
usually  maintained  by  the  circle  of  Willis.  Next  in  frequency  is  the  poste- 
rior cerebral,  and  then  the  vertebral.  The  left  vertebral  is  more  often 
plugged  than  the  right,  for  the  reason  mentioned  on  p.  495,  but  the  two 
posterior  cerebrals  are  affected  with  equal  frequency,  the  plug  having  to  pass 
through  the  common  basilar.  The  anterior  cerebrals,  the  cerebellar  arteries, 
and  the  basilar  are  rarely  the  seat  of  embolism.  Embolism  of  the  basilar 
has,  indeed,  been  thought  to  be  impossible,;);  but  it  certainly  occurs,  as  Fig. 
291  shows.  A  plug  too 
large  to  be  arrested  in  the 
vertebral,  and  too  small  to 
enter  the  posterior  cere- 
bral, must  of  necessity  be 
arrested  in  the  anterior 
extremity  of  the  basilar, 
and  I  have  recorded  an  ex- 
ample of  this.§  Rarest  of 
all  is  embolism  of  the  ce- 
rebellar arteries,  doubtless 
in  consequence  of  the  angle 
at  which  they  arise  from 
the  larger  trunks.  More 
than  one  artery  may  be 
plugged,  but  usually  at  dif- 
ferent times,  rarely  at  the 
same  time.  When  the  plug 
comes  from  a  septic  source, 
as  in  ulcerative  endocardi- 
tis, a  secondary  arteritis 
may    occur     at    the    ob- 


FlG.  291. 


Embolism  of  basilar  artery  and  of  left  vertebral.  The  latter  is 
shown  cut  open  at  L  V.  The  paler  embolus  can  be  distinguished 
from  the  secondary  clot  behind  it.  E  is  the  plug  e  from  the 
extremity  of  the  basilar,  moulded  by  pressure  into  the  shape  of 
the  vessel,  with  projections  corresponding  to  the  branches.  There 
is  a  secondary  thrombus  in  the  left  post,  cerebral,  /.  p.  c. 


*  Gelpke,  left  64  (49  percent.),  right  54  (41  per  cent.),  Arch,  der  Heilkunde,  1875. 

f  As  in  a  case  of  ulcerative  endocarditis  recorded  by  Carrington,  Path.  Trans.,  vol.  xxxv, 
1884,  P-  108. 

%  Npthnagel,  Topische  Diagnose,  etc.,  1879,  p.  105.  Leyden,  Zeitsch.  f.  kl.  Med.,  Bd.  v, 
1882,  p.  175.  \  Brain,  vol.  i,  1882. 
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structed  part,  and  sometimes  the  inflammation  may  extend  to  the  neigh- 
boring structure.  Occasionally  the  artery  behind  the  plug,  or  when  the 
obstruction  is  imperfect,  is  dilated  into  an  aneurism  ;  the  walls,  changed  by 
the  inflammation  and  rendered  inelastic,  yield  before  the  pressure  of  the 
blood. 

Thrombosis  from  Atheroma. — Many  arteries  of  the  base  are  usually  affected 
by  atheroma,  and  thrombosis  may  occur  in  any  of  them,  but  is  most  com- 
mon in  the  internal  carotid,  middle  cerebral,  basilar,  vertebral  and  posterior 
cerebrals.  It  may  occur  in  the  branches  that  come  off  from  the  diseased 
and  thickened  part  of  the  vessel,  although  the  trunk  remains  pervious.  The 
branches  given  off  by  the  basilar  to  the  pons  may  be  thus  obliterated,  and 
softening  of  the  pons  may  occur.  In  the  same  way  the  branches  of  the  mid- 
dle cerebral  to  the  central  ganglia  may  become  closed.  When  a  clot  forms 
and  obstructs  the  vessel,  it  usually  extends  on  into  its  distal  branches.  This  is 
true  of  the  internal  carotid,  thrombosis  in  which  usually  extends  into  the 
middle  and  anterior  cerebrals,  and  even  to  the  ophthalmic  artery.  In  this 
respect  thrombosis  of  the  internal  carotid  presents  a  contrast  to  embolism, 
and  has  much  more  serious  consequences.  A  clot  in  the  vertebral  may 
extend  into  the  basilar,  or  the  circulation  in  this  may  be  maintained  by  the 
other  vertebral. 

A  clot  usually  obstructs  the  vessel  where  it  is  formed,  but  occasionally,  as 
already  stated,  a  clot  that  has  formed  on  the  side  of  a  vessel  may  become 
detached  and  may  be  arrested  at  a  narrower  part  of  the  vessel  a  little  further 
on  (Laborde).  This  mechanism,  although  probable,  can  rarely  be  proved. 
When  the  clot  is  in  the  place  at  which 'Jt  was  originally  formed,  it  is  adhe- 
rent to  the  wall,  pale  and  often  laminated.  In  a  recent  case  the  secondary 
coagulum  that  forms  in  the  distal  part  of  the  artery  is  usually  red  and  adhe- 
rent. After  a  time  it  undergoes  changes,  may  become  organized,  or  degen- 
erate, and  even  calcify.-  The  artery  may  become  transformed  into  a  fibrous 
cord.  Very  rarely  a  thrombus  breaks  down,  or  is  pushed  on  before  distal 
clotting  occurs,  and  the  circulation  is  thus  partially  or  entirely  reestablished. 

Syphilitic  Disease. — The  disease  narrows  the  cavity  of  the  vessel  to  a 
greater  extent  than  does  atheroma,  and  hence  thrombosis  plays  a  smaller  but 
still  effective  part  in  producing  the  final  occlusion.  The  branches  coming 
off  from  the  vessel  are  obstructed,  without  occlusion  of  the  trunk,  even  more 
frequently  than  in  atheroma.  Otherwise,  the  two  conditions  produce  very 
similar  pathological  effects. 

Anatomical  Consequences. — The  first  effect  of  arterial  obstruction  is  to 
cause  the  arrest  of  the  arterial  blood  supply  to  the  region  supplied.  There  is 
generally  arterial  anaemia ;  sometimes  the  capillaries  may  become  distended 
with  blood  from  the  veins,  and  may  give  way  in  places,  so  that  the  area  may 
be  infiltrated  with  hemorrhagic  points.  For  the  first  twenty-four  hours  there 
is  little  change  in  the  consistence  of  the  parts,  and  if  the  vessels  are  empty, 
it  is  difficult  to  distinguish  the  affected  area  from  the  rest  of  the  brain,  the  only 
difference  being  its  paler  tint.  After  the  first  twenty-four  or  thirty-six  hours 
the  consistence  of  the  tissue  rapidly  lessens  ;  the  nerve  elements  break  down, 
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and  their  fragments  are  separated  by  effused  serum,  so  that  an  area  of  soften- 
ing results.  The  serum  comes,  no  doubt,  partly  from  the  blood,  and  partly 
from  the  lymphatic  sheaths,  into  which  the  lymphatic  fluid  must  collect  if 
the  vessels  collapse.  The  tint  of  the  softened  area  depends  on  the  amount 
of  blood  within  it,  and  may  be  white,  yellow,  or  red,  from  the  beginning. 
The  blood  corpuscles  escape  into  the  softening  tissue,  partly,  perhaps,  by  dia- 
pedesis,  and  partly  by  the  rupture  of  the  capillaries,  the  walls  of  which 
undergo  degeneration.  The  red  color  changes,  in  the  course  of  a  few  weeks, 
to  yellow,  by  transformation  of  the  blood  pigment.  Thus,  three  forms  of 
softening  are  distinguished  :  white,  red,  and  yellow,  but  these  do  not  cor- 
respond to  pathological  varieties.  In  all  forms  the  process  of  breaking  of 
the  nerve  elements  proceeds  to  the  formation  of  fine  fatty  granules,  in  part 
aggregated  into  "granule  corpuscles."  These  constitute  a  distinction  from 
post-mortem  softening,  in  which  the  segmentation  of  the  nerve  tubes  does 
not  form  such  small  fragments,  and  granule  corpuscles  are  absent. 

Red  softening  is  found  chiefly  in  the  gray  substance,  where  the  vessels  are 
numerous,  especially  in  the  cortex  and  central  ganglia.  The  tint  varies ;  the 
red  color  is  usually  punctiform,  or  mingled  with  yellow  and  white.  If  the 
extravasations  are  large  and  numerous,  •"  capillary  apoplexy  "  results.  The 
diminution  of  consistence  is  usually  moderate.  According  to  the  amount  of 
effusion  of  serum  and  blood  there  is  swelling,  and  the  diseased  area  may  pro- 
ject above  the  cut  surface.  Inflammatory  changes  result  from  the  vascular 
distention,  and  in  proportion- to  these,  increase  in  the  nuclei  of  the  neuroglia 
is  found.  From  this  cause,  and  from  the  migration  of  white  corpuscles,  pus- 
like cells  appear.  The  vessels  are  dilated,  and  may  present  a  moniliform 
appearance.  Their  perivascular  sheaths  are  often  distended  with  blood. 
Commencing  degeneration  of  the  effused  blood  may  cause  a  brown  tint. 

Yellow  softening  results  from  red  softening,  by  degenerative  changes  in  the 
blood  effused.  It  has  a  similar  seat,  being  frequently  met  with  in  the  convo- 
lutions, where  it  constitutes  the  plaques  jaunes  of  the  French.  Its  consist- 
ence is  usually  slight,  its  aspect  granular.  The  color  depends  on  the  pres- 
ence of  minute  pigment  granules,  diffused  coloring  matter  and  haematoidin 
crystals. 

White  softening  has  the  tint  of  the  normal  cerebral  substance.  In  consist- 
ence it  varies ;  it  may  be  only  a  little  below  that  of  the  brain  tissue,  or  it 
may  be  diffluent.  Its  aspect  is  uniform,  or  white  flakes  are  scattered  through 
it.  The  limits  are  usually  gradual.  Under  the  microscope  it  presents  the 
detritus  of  nerve  elements,  a  few  nuclei  from  the  connective-  tissue,  granule 
corpuscles,  and,  ultimately,  corpora  amylacea.  White  softening  is  chiefly 
found  in  the  white  substance  of  the  hemispheres.  It  occasionally  has  a  gan- 
grenous odor,  and  then  may  be  found  in  the  white  or  in  the  gray  substance, 
probably  resulting  from  the  obstruction  of  capillaries  by  septic  material. 

The  process  of  softening  is  attended  with  inflammatory  changes  around 
the  affected  area,  as  in  other  cases  of  necrosis.  This  does  not  usually  leave 
any  visible  alterations,  but  it  is  probable  that  the  nerve  elements  often  suffer 
permanently  in  their  nutrition  and  function  from  this  cause,  and  it  is  im- 
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portant,  in  regard  to  the  symptoms,  to  remember  that  the  destroyed  area  is 
surrounded  by  a  zone  of  slighter  damage. 

Ultimate  Changes.— White  and  yellow  softening  may  remain  for  years 
unchanged.  Sometimes  the  alterations  in  the  elements  of  the  neuroglia  and 
the  extravasated  white  corpuscles  result  in  the  formation  of  a  considerable 
quantity  of  connective  tissue,  consisting  of  fine  fibre  cells  and  fibres,  most 
abundant  in  the  margins  of  the  softened  area,  which  become  firm  and  dense, 
while  trabecule  of  connective  tissue  cross  the  cavify.  After  a  time  the  fluid 
may  be  absorbed,  the  fat  removed,  and  a  sort  of  cicatrix  results.  In  other 
cases  the  walls  alone  are  thus  altered,  the  solid  particles  are  removed  from 
the  softened  tissue,  and  a  cyst  is  formed.  The  outer  portion  of  the  cyst  or 
cicatrix  may  be  limited  by  a  zone  of  dilated  blood  vessels. 

Seats  of  Softening. — There  is  no  part  of  the  brain  in  which  softening  has 
not  been  found,  but  its  most  frequent  seats  are  the  cortex,  the  corpus  striatum, 
and  the  optic  thalamus.  It  is  also  frequently  found  in  the  pons,  and  occa- 
sionally in  the  medulla  and  cerebellum.  An  example  of  softening  of  the 
pons  is  shown  in  Fig.  229,  p.  506.  Its  occurrence,  position  and  characters 
depend  on  the  distribution  of  the  vessels.  The  small  arteries  of  the  corpus 
striatum  and  optic  thalamus  are  "terminal  arteries,"  having  only  capillary 
communications  with  other  vessels.  The  arteries  to  the  surface  of  the  brain 
are  also  sometimes  terminal,  but  sometimes  possess  arteriole  anastomoses 
with  other  branches.  Hence  obstruction  in  the  central  arteries  leads  invari- 
ably to  softening.  Obstruction  in  the  superficial  arteries  also  often  causes 
softening,  which  involves  the  gray  substance  of  the  convolutions  and  some 
of  the  subjacent  white  centre  to  which  the  vessels  penetrate;  but  frequently 
the  anastomoses  of  the  superficial  vessels  are  so  free  that  softening  does  not 
result.*  Hence  obstruction  of  a  main  trunk  (as  the  middle  cerebral)  may 
lead  to  softening  of  the  central  region  (corpus  striatum),  while  the  convolu- 
tions escape,  or  both  may  suffer.  Some  parts  of  the  cortex  escape  more 
frequently  than  others ;  the  convolutions  about  the  fissure  of  Sylvius  are 
often  destroyed  by  obstruction  of  the  middle  cerebral  when  the  higher 
regions  of  the  cortex  are  intact  (see,  for  instance,  the  softening  figured 
on  p.  463). 

The  changes  thus  described  are  met  with  in  all  forms  of  vascular  obstruc- 
tion. The  causes  that  determine  the  amount  of  blood  in  the  softened  part 
are  not  all  understood,  but  the  amount  seems  to  be  larger  in  the  young  than 
in  the  old,  and,  perhaps,  in  embolism  than  in  thrombosis.  Cohnheim  and 
Litten  have  proved  that  embolism  in  any  organ  is  usually  attended  with 
distention  of  the  veins  and  capillaries  in  the  infarcted  area,  and  with  abund- 
ant effusion  of  serum.  It  is  surprising  that  such  distention  is  not  more 
constant  in  the  brain. f 

*  As  an  illustration  of  the  free  arterial  communication  that  often  exists  in  the  cortex,  it  may 
be  mentioned  that  Prof.  Thane  has  informed  me  that  attempts  to  inject  separately  the  arteries 
supplying  the  cortex  fail  more  often  than  they  succeed,  on  account  of  the  readiness  with 
which  the  injection  passes  from  one  arterial  region  to  another. 

f  An  extraordinary  case  has  been  recorded  by  Totherick,  in  which,  two  days  after  the 
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Symptoms. — The  symptoms  produced  by  the  occlusion  of  an  artery,  and 
consequent  necrotic  softening  of  the  brain,  resemble  those  of  cerebral  hem- 
orrhage in  being  of  two  classes,  one  transient,  the  result  of  the  sudden  inter- 
ference with  the  functions  of  the  brain,  the  other  more  or  less  permanent, 
the  result  of  the  destruction  of  the  nerve  elements  in  the  affected  area.  The 
permanent  symptoms  depend  on  the  position  of  the  lesion ;  the  symptoms 
that  attend  the  onset  vary  according  not  only  to  the  seat,  but  also  to  the 
nature  of  the  vascular  occlusion. 

Premonitory  symptoms  are  rare  in  embolism.  When  present  they  are  not 
true  prodromata,  but  consist  in  slighter  attacks  of  the  same  character,  due  to 
the  obstruction  of  small  vessels  by  small  emboli,  or  else  they  are  really  the 
first  symptoms  of  the  onset  when  the  obstruction  is  incomplete  and  the 
occlusion  is  gradual.  There  is  no  persistent  preceding  headache  or  other 
indication  of  encephalic  disease.  Until  the  plug  obstructs  the  vessel,  the 
brain  is  in  a  normal  state.  In  •  thrombosis  from  atheroma,  on  the  other 
hand,  premonitory  symptoms  are  frequent,  being  present  in  the  majority  of 
cases.  They  depend  on  the  interference  with  the  supply  of  blood,  due  to 
the  disease  of  the  blood  vessels.  They  may  exist  for  months  before  the  onset 
or  only  for  a  few  hours.  The  most  common  are  dull  general  headache, 
giddiness,  tingling,  "numbness,"  slight  weakness  in  one-half  of  the  body, 
sometimes  limited  to  a  single  limb,  and  often,  but  not  always,  corresponding 
in  seat  to  the  subsequent  paralysis  ;  less  commonly  there  is  defective  artic- 
ulation, or  some  mental  change,  failure  of  memory,  or  irritability  due  to 
the  general  malnutrition  of  the  brain,  that  is  produced  by  widespread  arte- 
rial disease.  In  syphilitic  disease  premonitory  symptoms  are  also  frequent. 
In  some  cases  they  resemble  those  just  described,  but  more  severe  general 
cerebral  symptoms  are  both  common  and  characteristic.  Headache  is  the 
most  frequent,  and  is  often  severe,  usually  general,  and  may  be  worse  at 
night.  It  may  £xist  for  weeks  or  only  for  a  day  or  two  before  the  onset. 
Another  occasional  premonitory  symptom  is  giddiness.  Sometimes  there 
is  considerable  mental  dullness  or  a  somnolent  condition,  lasting  for  weeks. 

The  onset  of  cerebral  softening  is  attended  by  loss  of  consciousness  in  a 
considerable  number  of  cases,  although  this  is  decidedly  less  frequent  than 
in  hemorrhage.  The  obstruction  of  a  large  vessel,  however  produced,  fre- 
quently entails  a  distinct  apoplectic  attack.  The  obstruction  of  a  small 
branch,  causing  only  a  small  spot  of  softening,  often  causes  no  loss  of  con- 
sciousness. For  lesions  of  equal  size,  the  more  sudden  the  obstruction,  the 
more  pronounced  is  the  apoplectic  seizure.  This  is  well  seen  in  cases  of  the 
same  nature.  In  embolism  a  gradual  onset, "occupying  many  hours,  is  rare, 
but  when  it  occurs,  there  is  no  unconsciousness ;  but  with  a  sudden  onset 


occurrence  of  embolism  of  the  right  middle  cerebral  artery  at  the  place  of  division,  hem. 
orrhage  occurred  outside  the  right  corpus  striatum,  which  must  have  come  from  a  branch 
beyond  the  obstruction.  It  was  fatal,  a  week  later,  by  rupture  into  the  ventricles,  perhaps 
facilitated  by  softening  consequent  on  the  embolism.  {Lancet,  1883,  i,  1042.)  An  aneurism 
may  have  existed  before  the  embolism. 
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loss  of  consciousness  is  very  frequent.  In  syphilitic  disease,  on  the  other 
hand,  consciousness  is  more  frequently  preserved  than  lost.  The  contrast 
between  these  two  conditions  is  more  marked  than  between  embolism  and 
senile  softening,  because  the  age  of  the  patients  renders  loss  of  consciousness 
more  readily  produced  in  the  latter.  When  there  is  well-marked  apoplexy, 
the  loss  of  consciousness  may  be  the  first  symptom ;  but,  rather  more  fre- 
quently than  in  hemorrhage,  focal  symptoms,  especially  hemiplegia,  come  on 
before  the  coma.  This  is  especially  the  case  in  atheromatous  thrombosis. 
The  apoplectic  condition  itself  presents  no  characteristic  feature;  it  resem- 
bles closely  that  produced  by  hemorrhage.  The  turgid  face  and  strongly 
pulsating  carotids  are,  as  a  rule,  absent,  but  these  are  not  very  common  in 
hemorrhage.  As  a  rule,  the  degree  of  coma  is  slighter,  and  its  duration 
shorter,  than  in  hemorrhage,  but  when  a  large  vessel  is  plugged,  the  coma 
may  be  as  intense  and  as  prolonged,  the  resolution  of  the  limbs  as  perfect, 
and  the  interference  with  breathing  as  marked,  as  in  a  severe  cerebral  hem- 
orrhage. It  may  last  for  several  days,  and  end  in  death  or  in  recovery. 
Coma  lasting  for  five  or  six  days  may  pass  away  when  it  is  due  to  softening, 
but  usually  ends  in  death,  if  due  to  hemorrhage. 

The  mechanism  by  which  apoplexy  is  produced  by  vascular  obstruction 
can  scarcely  be  the  same  as  in  hemorrhage,  since  the  important  element  of 
pressure  is,  if  not  absent,  at  least  trifling  in  degree  and  late  in  time,  due  only 
to  the  cedematous  swelling  which  comes  on  after  the  onset.  Attempts  have 
been  made  to  explain  the  unconsciousness  by  the  disturbance  of  the  blood 
pressure.  It  has  been  ascribed,  for  instance,  to  the  increase  of  blood  pres- 
sure in  the  other  branches  of  the  same  vessel  (Heubner),  or  to  the  pressure 
being  suddenly  diminished  in  the  area  of  the  infarction  by  the  arrest  of  the 
blood  tension  within  it,  and  a  consequent  abnormal  pressure  in  the  vicinity 
(Wernicke).  The  latter  mechanism  is  hypothetical  and  doubtful,  and 
neither  seems  adequate.  Moreover,  the  fact  that  extensive  softening  is 
sometimes  unattended  with  apoplexy,  even  when  quite  sudden  in  onset,  is 
difficult  to  reconcile  with  either  explanation.  On  the  whole,  it  seems  most 
probable  that  sudden  cessation  of  nutrition  in  the  affected  area  is  equivalent 
to  a  traumatic  irritation,  and  that  the  loss  of  consciousness  is  chiefly  due  to 
an  inhibition  of  the  highest  centres,  similar  to  that  which,  in  the  spinal 
centres,  causes  relaxation  of  the  limbs. 

Convulsion  frequently  accompanies  the  onset  in  embolism.  It  may  be 
general,  and  irrespective  of  the  artery  plugged  ;  sometimes  it  begins  locally 
in  the  part  afterward  most  paralyzed,  and  is  then  generally  due  to  embolism 
of  the  middle  cerebral,  affecting  the  motor  cortex.  In  atheromatous  soften- 
ing, and  in  syphilitic  disease,  initial  convulsions  are  much  more  rare. 

Vomiting  is  not  more  common  in  any  form  of  softening  than  in  cerebral 
hemorrhage.     It  is  most  frequent  in  obstruction  of  the  basilar. 

Delirium  may  take  the  place  of  an  apoplectic  seizure,  in  either  embolism 
or  thrombosis.  In  atheromatous  softening,  brief  initial  loss  of  conscious- 
ness is  often  succeeded  by  quiet  delirium  lasting  for  several  days  or  even 
weeks. 


ACUTE   SOFTENING.  819 

When  there  is  no  loss  of  consciousness,  the  onset  is  usually  marked  by 
sudden  headache,  giddiness,  or  incoherence,  to  which  are  quickly  added  the 
paralytic  or  other  symptoms  due  to  the  destructive  lesion.  The  loss  of  power 
is  often  accompanied  by  tingling  in  the  affected  side. 

Focal  Symptoms. — In  rare  instances  focal  symptoms  are  absent,  the  lesion 
being  so  placed  as  to  cause  none.  In  most  cases,  focal  symptoms  may  be 
recognized  during  the  period  of  unconsciousness,  similar  to  those  produced 
by  hemorrhage,  unilateral  atony  of  muscles,  loss  of  reflex  action,  inequality 
of  face,  and  conjugate  deviation  of  head  and  eyes.  Hemiplegia  is  the  most 
common  symptom,  because  the  middle  cerebral  is  the  artery  most  often 
plugged,  and  aphasia  accompanies  it  when  the  left  artery  is  affected.  Bilat- 
eral palsy  may  be  due  to  bilateral  obstruction,  or  to  thrombosis  of  the 
basilar,  causing  softening  of  the  pons. 

The  fall  of  temperature  that  attends  the  onset  of  hemorrhage"  is  less 
marked  in  softening,  rarely  exceeding  half  a  degree,  and  is  very  often 
absent.  A  rise  usually  occurs  in  ten  or  twelve  hours,  or  may  be  deferred, 
even  to  the  third  or  fourth  day.  The  period  of  inflammatory  reaction  is 
more  pronounced  in  softening  than  in  hemorrhage.  It  occurs,  whatever  be 
the  cause  of  the  softening,  but  is  most  considerable  in  the  old,  whose  brains 
are  generally  ill-nourished,  and  in  embolism,  especially  when  the  plug  comes 
from  a  septic  source,  such  as  ulcerative  or  septicaemic  endocarditis.  The 
previous  elevation  of  temperature  in  these  cases  increases  considerably  after 
the  occurrence  of  embolism.  In  occlusion  of  the  basilar  artery  there  may 
be  hyperpyrexia,  as  in  hemorrhage  into  the  pons,  but  less  rapidly  developed, 
and  it  may  be  preceded  by  a  greater  depression.  The  febrile  disturbance  is 
often  considerable  and  prolonged  ;  the  temperature  is  one  or  two  degrees 
higher  on  the  paralyzed  side ;  sloughing  of  the  skin  is  common  ;  and  inflam- 
mation of  the  joints  is  met  with  less  rarely  than  in  hemorrhage.  The 
headache  that  accompanies  the  secondary  inflammation  is  usually  more  con- 
siderable than  in  hemorrhage,  and  both  delirium  and  convulsions  are  more 
frequent.  Optic  neuritis,  almost  unknown  from  hemorrhage,  is  also  unknown 
as  a  result  of  senile  (atheromatous)  softening  and  of  softening  from  syphil- 
itic disease  of  the  arteries.*  If  it  coexists  with  these  it  is  as  the  result  of 
associated  causes,  as  Bright's  disease  in  the  former,  or  a  syphilitic  tumor  in 
the  latter  case.  But  it  is  met  with  occasionally  in  embolism  when  the  plug 
comes  from  an  inflamed  endocardium,  J  and  it  is  apparently  the  conse- 
quence of  the  irritative  character  of  the  secondary  inflammation.  In  ulcer- 
ative endocarditis,  another  ophthalmoscopic  change  may  be  met  with ; 
— ^ 

*An  exception  is  a  case  of  syphilitic  disease  of  the  .pons  recorded  by  Leyden  yZeitschrift 
f.  kl.  Med.,  Bd.  v),  but  the  symptom  probably  depended  on  some  coincident  influence,  since 
it  is,  as  a  rule,  absent  in  obstruction  of  the  basilar  as  in  that  of  other  arteries.  •  In  the  rare 
cases,  of  which  I  have  seen  two,  in  which  optic  neuritis  coincides  with  sudden  hemiplegia 
due  to  syphilis,  there  has  been  other  evidence  of  gummata  or  chronic  meningitis,  which  are 
occasionally  associated  with  the  arterial  lesion. 

t  Such  cases  have  been  recorded  by  Broadbent  and  Stephen  Mackenzie,  and  another  has 
come  under  my  own  observation. 
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rounded  hemorrhages,  with  white  centres,  scattered  over  the  retina.  They 
are  the  result  of  the  obstruction  of  minute  vessels  by  septic  plugs.  Similar 
hemorrhages  may  be  found  in  the  pia  mater. 

Otherwise  the  local  symptoms  resemble  closely  those  that  are  produced 
by  hemorrhage,  and  consist  in  motor  and  sensory  paralysis,  etc.,  according 
to  the  seat  of  the  softening.  As  in  hemorrtiage,  the  initial  symptoms  are 
more  extensive  than  those  that  persist,  and  those  that  pass  away  during  the 
first  two  weeks  must  be  regarded  as  indirect  in  origin.  We  cannot  explain 
them  as  pressure  effects,  but  they  are  no  doubt  the  result  partly  of  inhibition 
and  partly  of  the  interference  with  function  from  slight  damage  that  is  wider 
than  the  area  of  actual  destruction. 

The  chief  differences  between  the  local  symptoms  in  softening  and  hem- 
orrhage are  the  following.  In  softening,  aphasia  is  rather  more  common  on 
account  of  the  frequency  with  which  the  middle  cerebral  artery  is  obstructed. 
Partial  hemiplegia,  "monoplegia,"  of  arm,  or  face  and  arm,  rarely  of  the 
leg,  is  also  more  common,  because  softening  affects  the  cortex  much  more 
frequently  than  hemorrhage  does,  and  partial  hemiplegia  is  usually  due  to  a 
cortical  lesion.  Moreover,  the  effect  of  softening  is  more  restricted  than  is 
that  of  hemorrhage,  on  account  of  the  absence  of  pressure  on  adjacent  parts. 
Recurring  convulsions  are  also  far  more  frequent  after  softening  than  after 
hemorrhage.  This  is  probably  due  chiefly  to  the  more  frequent  affection  of 
the  cortex  by  softening;  partly,  perhaps,  to  the  less  strict  limitation  of  struc- 
tural changes.  In  the  subsequent  chronic  stage,  disorders  of  movement,  cho- 
reoid,  athetosis,  etc.,  are  far  more  common  after  softening  than  after  hemor- 
rhage, whatever  be  the  explanation  of  the  fact.  Mental  failure,  loss  of  memory, 
emotional  mobility,  are  also  rather  greater  in  degree  during  the  chronic  stage 
of  softening,  but  the  difference  is  less  than  is  commonly  imagined,  and  is  in 
part  related  to  three  facts:  (i)  foci  of  softening  are  often  more  numerous 
than  those  of  hemorrhage;  (2)  softening  from  atheroma  is  often  accom- 
panied by  disease  of  other  vessels  interfering  widely  with  the  nutrition  of  the 
brain;  (3)  this  is  also  the  case  in  syphilitic  disease,  in  which,  moreover, 
there  is  often  a  marked  tendency  to  nerve  degeneration. 

Another  point  of  difference  between  softening  and  hemorrhage  is  that  an 
entire  absence  of  focal  symptoms  is  rather  more  common  in  softening.  A 
lesion  of  either  kind,  away  from  the  motor  and  sensory  tracts,  causes  no  per- 
sistent symptoms,  but  if  the  lesion  is  merely  near  these  parts  and  does  not 
actually  involve  them,  symptoms  are  more  frequently  absent  in  softening 
than  in  hemorrhage,  no  doubt  on  account  of  the  pressure  exerted  by  the 
latter.  This  is  often  seen  in  lesions  of  the  central  ganglia.  It  is  rare  for  a 
hemorrhage  limited  to  the  caudate  or  lenticular  nucleus  not  to  cause  hemi- 
plegia by  the  pressure  it  exerts  on  the  internal  capsule,  whereas  it  is  not 
uncommon  to  meet  with  an  extensive  softening  of  one  of  these  nuclei  with- 
out any  focal  symptoms,  past  or  present. 

Bilateral  obstruction  of  large  vessels  is  rarely  simultaneous,  but  sometimes 
occurs  in  quick  succession,  and  may  then  cause  bilateral  symptoms  very 
closely  resembling  those  produced  by  ventricular  hemorrhage.     The  initial 
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apoplexy  may  or  may  not  have  passed  away  when  the  coma  recurs  or  sud- 
denly deepens,  and  quickly  becomes  intense,  with  general  relaxation  or  rigid- 
ity of  muscles.  The  patient  may  die  in  the  course  of  a  few  hours.  When 
the  vessel  occluded  is  less  important,  bilateral  symptoms  result,  resembling 
those  produced  by  softening  of  the  pons.  In  rare  cases  of  thrombosis  or 
embolism,  the  corresponding  areas  in  the  two  hemispheres  have  been  affected, 
causing  symmetrical  paralysis  of  partial  extent.  Thus  an  affection  of  the 
lower  part  of  each  motor  cortex  has  caused  not  only  total  loss  of  speech,  but 
paralysis  of  the  lips,  tongue  and  throat,  closely  resembling  that  produced  by 
a  lesion  of  the  medulla  oblongata. 

Complications. — In  some  forms  of  softening  the  symptoms  produced  by 
the  lesion  may  be  accompanied  by  others  that  are  produced  by  associated 
morbid  processes.  Thus,  syphilitic  arterial  disease  is  sometimes  associated 
with  syphilitic  meningitis  or  with  a  syphilitic  tumor.  In  ulcerative  endo- 
carditis, the  circulation  of  septic  material  in  the  blood  often  causes  general 
fever  with  rigors,  headache  and  delirium,  enlargement  and  tenderness  of  the 
spleen,  or  haematuria  from  renal  embolism.  Delirium  may  occur  without 
softening,  in  consequence  of  the  blood  state  or  of  capillary  obstructions  in 
the  brain  or  meninges;  and  it  is  not  therefore  surprising  to  find  that  it  often 
accompanies  the  symptoms  of  an  actual  softening.  In  all  cases  of  embolism 
the  indications  of  a  similar  process  elsewhere  are  frequent.  An  interesting 
complication  is  embolism  of  the  central  artery  of  the  retina.  It  usually 
occurs  at  some  other  time  than  the  cerebral  embolism,  but  I  have  recorded 
one  case  in  which  the  two  accidents  were  simultaneous.* 

Obstruction  of  Particular  Arteries. — The  distribution  of  the  several 
arteries  which  determine  the  seat  of  softening  and  the  symptoms  produced 
has  been  already  described  (see  p.  495). 

Internal  Carotid. — The  simplest  form  of  obstruction  is  that  produced  by 
ligature  of  the  common  carotid.  This  may  cause  no  symptoms,  or  only 
transient  hemiplegia.  Sometimes  there  is  severe  hemiplegia,  ending  in  death 
at  the  end  of  a  week  or  ten  days.  In  the  former  case  the  communications 
of  the  circle  of  Willis  suffice  to  carry  on  the  circulation  in  the  hemisphere, 
the  blood  coming  from  the  other  carotid  by  the  anterior  communicating 
artery,  and  from  the  basilar  by  the  posterior  communicating.  After  a  time 
these  vessels  are  found  considerably  dilated.  Persistent  hemiplegia  is  usually 
the  consequence  of  these  vessels  being  unusually  small,  so  that  enough  blood 
is  not  conveyed  to  prevent  necrotic  softening  ;  it  may  be  found  post-mortem 
in  the  greater  part  of  the  hemisphere  except  in  the  region  supplied  by  the 
posterior  cerebral.  In  the  cases  in  which  the  communicating  arteries  are 
absent  this  result  necessaril)<  follows.  In  embolism  of  the  internal  carotid 
the  symptoms  depend  on  the  place  at  which  the  plug  is  arrested.  If  this  is 
at  the  curve  in  the  cavernous  sinus  the  symptoms  resemble  those  produced 
by  ligature  of  the  vessel,  and  the  circulation  is  usually  maintained  in  the  part 
above  the  plug  by  the  communicating  arteries,  so  that  softening  does  not 

*  "  Medical  Ophthalmoscopy,"  Case  47,  2d  ed.,  p.  332. 
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result,  while  the  connection  between  the  ophthalmic  and  facial  artery  helps  to 
maintain  the  circulation  in  the  former.  If  the  plug  is  arrested  at  the  division 
of  the  internal  carotid,  the  resulting  symptoms  are  the  same  as  in  obstruction 
of  the  middle  cerebral  artery ;  the  anterior  communicating  conveys  a  supply 
of  blood  to  the  anterior  cerebral.  Thrombosis  in  the  internal  carotid  con- 
sequent on  atheroma  may  cause  the  same  symptoms  as  embolism,  but  more 
frequently  produces  grave  results,  because  there  is  a  greater  tendency  for  the 
thrombosis  to  spread,  since  the  disease  of  the  walls  of  the  artery  is  usually 
extensive.  Thus  a  clot  may  spread  into  the  anterior  and  middle  cerebrals, 
and  along  the  former  it  may  pass  beyond  the  communicating  artery,  produc- 
ing softening  of  the  anterior  two-thirds  of  the  hemisphere,  only  the  occipital 
lobe  and  the  lower  and  inner  portions  of  the  temporal  lobe  escaping.  It 
may  spread  also  into  the  ophthalmic  artery,  producing  (as  I  have  seen)  a 
necrosis  of  the  eyeball,  so  that  the  sclerotic  after  death  was  rotten  and  dis- 
colored. The  symptoms  of  this  extensive  thrombosis  are  necessarily  severe ; 
hemiplegia  with  deepening  coma  and  death  at  the  end  of  (usually)  four  or 
five  days.  The  opthalmoscopic  appearances  due  to  the  thrombosis  of  the 
ophthalmic  artery  are  not  known,  but  they  probably  resemble  that  produced 
by  embolism  of  the  central  artery,  perhaps  with  rapid  opacity  of  the  media. 
It  is  very  important  in  every  case  of  apoplexy  that  the  eyes  should  be  daily 
examined,  because  the  obstruction  of  the  ophthalmic  artery  develops  gradu- 
ally during  coma  and  subjective  indications  of  the  accident  are  absent. 

The  anterior  cerebrates,  rarely  obstructed  except  by  plugging  of  the 
extremity  of  the  internal  carotid,  because,  on  account  of  its  direction  at 
right  angles  to  the  carotid,  an  embolus  very  seldom  enters  it.  Obstruction 
of  the  first  part  of  the  vessel  may  cause  a  small  spot  of  softening  in  the  head 
of  the  caudate  nucleus,  but  not  elsewhere  in  the  region  supplied  unless  the 
anterior  communicating  artery  is  absent,  or  a  thrombus  extends  beyond 
its  junction.  Moreover,  a  collateral  circulation  from  the  branches  of  the 
middle  cerebral  may  sometimes  aid  in  maintaining  the  nutrition  of  the  cor- 
tex. Hence  softenings  in  the  cortical  region  supplied  by  this  vessel  are 
rare,  except  in  associa'tion  with  obstruction  of  the  middle  cerebral.  Soften- 
ing of  the  olfactory  bulb  and  adjacent  part  of  the  orbital  lobule  has,  however, 
been  known  to  result  from  an  embolism  of  the  first  branch  of  the  artery. 
Very  rarely  softening  is  limited  to  the  paracentral  region.,  or  to  the  pre- 
cuneus. Except  the  loss  of  smell  that  results  from  disease  of  the  olfactory 
nerve,  the  symptoms  of  softening  in  the  region  of  the  anterior  cerebral  are 
not  distinctive.  Theoretically  a  monoplegia  affecting  the  leg  only  should 
result  from  softening  of  the  marginal  convolution  and  the  paracentral  lobule, 
but  I  do  not  know  of  an  observed  case. 

Middle  Cerebral— Since  this  artery  supplies  the  motor  cortex  and  the 
motor  path  through  the  ganglia,  its  obstruction,  partial  or  complete,  usually 
gives  rise  to  paralysis.  One  or  more  of  its  four  cortical  branches  (see  Fig. 
217,  p.  499)  may  be  occluded,  or  all  may  be  obstructed  by  a  plug  at  the 
point  of  division  of  the  artery  at  the  island  of  Reil.  Occlusion  of  the 
branches  may  cause  softening  in  the  area  supplied  by  them,  shown  in  Fig. 
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218.  That  of  the  first  produces  softening  of  the  third  frontal  and,  if  on  the 
left  side,  aphasia ;  of  the  second  br  third,  softening  of  the  ascending  frontal 
or  ascending  parietal  convolution  and  hemiplegia,  sometimes  partial  when 
the  softening  is  incomplete;  of  the  fourth,  softening  about  the  posterior 
limb  of  the  fissure  of  Sylvius,  and  if  on  the  left  side,  there  is  sensory  apha- 
sia, defective  perception  of  words,  with  corresponding  impairment  of  speech. 
When  all  the  cortical  branches  are  obstructed  the  softening  extends  over  all 
the  area  supplied,  although  usually  in  varying  degree  in  different  parts,  in 
consequence  of  partial  anastomoses,  and  the  upper  region  of  the  hemisphere 
may  escape  (see  Fig.  185,  p.  463).  The  effect  is  a  severe  form  of  hemiplegia, 
with  impairment  of  sensibility  for  a  time,  and  sometimes  affection  of  the 
special  senses,  and  ptosis  on  the  opposite  side.  Partial  obstruction  of  the 
deep  central  branches,  from  the  first  part  of  the  artery,  either  by  embolism, 
disease  of  the  wall  at  their  origin,  or  thrombosis,  causes  softening  in  the 
lenticular  nucleus,  caudate  nucleus,  and  anterior  part  of  the  optic  thalamus, 
very  variable  in  extent ;  when  considerable,  the  internal  capsule  always 
suffers  and  hemiplegia  results.  Complete  obstruction  of  the  middle  cerebral 
near  its  origin  always  causes  softening  in  the  central  ganglia  and  hemiplegia, 
usually  also  softening  of  the  cortex,  but  occasionally  the  cortex  escapes 
wholly  or  partially,  in  consequence  of  the  freedom  of  the  anastomoses, 
although  the  central  ganglia  and  capsule  are  involved  (see  p.  816). 

Posterior  Cerebral. — The  rarity  of  softening  from  obstruction  of  the 
posterior  cerebral,  due  to  the  freedom  of  its  anastomoses,  renders  our 
knowledge  of  the  symptoms  produced  much  less  definite  than  in  the  case  of 
the  middle  cerebral.  They  are  for  the  most  part  sensory  ;  there  may  be 
hemiansesthesia  from  softening  of  the  tegmentum  of  the  crus,  or  internal 
capsule,  or  hemianopia  from  softening  of  the  occipital  lobe.  Complete  but 
transient  loss  of  sight  has  also  attended  embolism  of  one  posterior  cerebral ; 
it  is  probably  inhibitory  in  origin.  The  symptoms  of  limited  softenings  of 
the  inner  and  lower  part  of  the  temporal  lobe  are  not  known. 

Basilar  Artery. — The  symptoms  present  considerable  variations  accord- 
ing to  the  seat  of  obstruction,  whether  in  the  middle,  lower,  or  upper  por- 
tions, or  whether  there  is  merely  occlusion  of  the  arteries  that  come  off  from 
it,  in  consequence  of  disease  of  the  wall,  or  of  incomplete  embolism.  In 
the  obstruction  of  the  transverse  arteries,  the  softening  produced  may  be 
unilateral,  often  small  in  extent,  near  the  middle  line  or  in  the  outer  part  of 
the  pons,  according  as  median  or  radicular  branches  are  obstructed  (see 
p.  500).  Hemiplegia  usually  results,  which  may  be  alternate  of  limbs  and 
cranial  nerves,  or  may  resemble  that  produced  by  a  lesion  of  the  corpus 
striatum,  according  to  the  seat  of  the  disease  (see  p.  724).  In  some  cases 
the  occlusion  of  different  branches  takes  place  successively,  and  the  patient 
may  have  many  sudden  seizures,  with  various  palsy  of  limbs  and  cranial 
nerves.  In  occlusion  of  the  whole  basilar  the  limbs  of  both  sides  are  usually 
affected,  sometimes  at  the  same  time,  sometimes  successively  in  the  course  of 
a  few  days.  The  limbs  on  one  side,  for  instance,  may  become  weak  and 
improve  ;  a  day  or  two  afterwards  the  other  side  becomes  weak,  and  then 
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there  is  again  loss  of  power  in  the  side  first  affected.  The  affection  of  the 
facial  or  fifth  nerves  may  present  the  same  variations,  and  often  does  not 
correspond  to  the  affection  of  the  limbs.  There  is  usually  considerable 
impairment  of  articulation  and  of  swallowing.  Loss  of  the  conjugate  move- 
ment of  the  eyes,  from  palsy  of  external  and  internal  recti,  is  occasionally 
observed,  with  or  without  palsy  of  the  facial  nerve  on  the  side  of  the 
affected  external  rectus  (see  p.  610).  This,  however,  less  frequently  results 
from  softening  than  from  tumor.  When  the  obstruction  involves  the  upper 
part  of  the  vessel,  as  is  usually  the  case  in  embolism,  there  are  usually  ocular 
symptoms  other  than  the  conjugate  deviation,  ptosis,  contracted  or  dilated 
pupils,  with  loss  of  reflex  action  to  light,  sometimes  transient.  There  is 
occasionally  paralysis  of  the  whole  or  part  of  one  third  nerve,  or  even  of 
both.  Less  common  is  hemianopia,  from  extension  of  clot  along  one  pos- 
terior cerebral  beyond  the  origin  of  the  posterior  communicating  artery. 
Bilateral  loss  of  sight,  theoretically  possible,  is  excessively  rare.  Obstruc- 
tion of  the  lower  extremity  of  the  basilar  is  not  common,  except  as  the 
result  of  the  extension  of  a  clot  from  one  of  the  vertebral  arteries.  The 
onset  of  obstruction  of  the  basilar  is  usually  attended  with  a  distinct  apo- 
plectic seizure,  usually  transient ;  it  often  recurs,  and  gradually  deepens. 
The  patient  may  lie  for  some  days  in  a  state  of  incomplete  coma,  can  be 
roused  to  open  his  eyes,  but  does  not  speak.  Convulsions  occasionally 
attend  the  onset,  but  are  on  the  whole  not  frequent ;  they  may  be  general  or 
partial ;  one  limb  or  one  side  of  the  face  may  escape.  Rigidity  or  clonic 
spasm  in  the  legs  or  arms  is  much  less  common  than  in  hemorrhage  into  the 
pons.  Undue  frequency  and  irregularity  of  the  heart's  action,  and  impaired 
respiration  (labored  or  sighing,  of  Cheyne-Stokes  rhythm,  or  with  irregular 
variations)  are  very  common  before  death,  and  may  occur  from  the  com- 
mencement, when  the  obstruction  involves  the  lower  extremity  of  the  basilar, 
from  which  the  arterioles  arise  that  supply  the  pneumogastric  centre.  If 
there  is  an  apoplectiform  onset  there  may  be  an  initial  fall  of  temperature, 
much  greater  than  is  met  with  in  the  occlusion  of  other  vessels,  and  resemb- 
ling that  met  with  in  cerebral  hemorrhage.  In  one  case  the  rectal  tempera- 
ture fell  to  950*.  Toward  the  end  there  is  often  the  rise  of  temperature  so 
common  in  lesions  of  the  pons.  In  one  recorded  case  the  rise  reached  109° 
before  death  and  109.5"  after  death.  The  duration  of  life  is  usually  from 
three  to  seven  days  ;  occasionally  death  occurs  within  twenty-four  hours. 
In  the  case  mentioned  above,  in  which  the  temperature  fell  to  950,  death 
occurred  in  five  and  a  half  hours.  Rarely  life  is  prolonged  for  a  fortnight. 
Recovery  probably  occurs  in  some  cases  of  syphilitic  diseases,  but  not  in 
atheromatous  thrombosis,  and  perhaps  not  in  embolism. 

Vertebral  Artery.— The  frequent  anomalies  in  the  arrangement  of  the 
arteries  of  the  medulla  render  the  symptoms  of  thrombosis  of  the  vertebral 
artery  very  variable.  It  usually  supplies  the  "  bulbar  "  nuclei,  hypoglossal, 
accessory  glosso-pharyngeal,  in  part  directly,  and  in  part  by  the  anterior 


*Bastian,  Clin.  Soc,  March  13th,  1885. 
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spinal,  and  through  the  latter  it  supplies. the  anterior  pyramids  and  also  the 
lower  part  of  the  medulla.  The  typical  effect  of  its  occlusion  is  one-sided 
bulbar  paralysis — lips,  tongue,  palate,  and  larynx,  and  paralysis  of  the  limbs 
on  the  same  side.*  The  hemiplegia  is  usually  transient,  is  often  accompanied 
by  tingling,  and  sometimes  by  anaesthesia.  It  is  transient  because  the 
anterior  spinal  receives  blood  from  the  other  vertebral  artery  and  the  supply 
to  the  lower  part  of  the  medulla  is  renewed.  The  paralysis  of  the  bulbar 
nerves,  the  nuclei  of  which  are  supplied  in  part  from  the  anterior  spinal,  is 
usually  imperfect,  but  the  impairment  of  swallowing  and  of  articulation  is 
always  great.  The  median  arterioles  may  come  altogether  from  one  anterior 
spinal  (when  there  are  two),  and  if  this  is  occluded  the  bulbar  paralysis  is 
bilateral,  and  may  resemble  perfectly  that  from  chrbnic  degenerative  disease. 
If,  as  is  often  the  case,  the  clot  extends  up  into  the  commencement  of  the 
basilar,  the  arrest  of  the  blood  supply  to  the  respiratory  centre  causes  rapid 
death.  There  may  be  softening  of  the  posterior  part  of  the  cerebellum,  the 
occurrence  and  extent  of  which  is  influenced  by  fhe  freedom  of  its  anasto- 
moses. 

Cerebellar  Arteries.  — These  vessels  are  rarely  the  seat  of  isolated  obstruc- 
tion, and  although  softening  may  result  from  occlusion  of  the  arteries  from 
which  the  cerebellar  vessels  spring,  the  softening  is  always  less  extensive  than 
the  area  of  distribution  of  the  affected  vessel,  on  account  of  the  freedom  of 
the  anastomoses, f  and  any  symptoms  that  are  produced  are  lost  in  the  more 
serious  disturbance  that  results  from  the  damage  to  the  pons  and  medulla. 
Softening  is  most  common  in  the  region  supplied  by  the  posterior  cerebral, 
the  obstruction  of  which  is  usually  secondary  to  occlusion  of  the  vertebral. 
Incoordination  of  movement  has  been  observed  in  one  or  two  cases  of  this 
kind,  and  may  have  been  due  to  the  lesion  of  the  cerebellum.  Occasion- 
ally an  isolated  area  of  softening  is  found  in  the  middle  of  one  hemisphere, 
without  any  symptoms  during  life,  that  could  be  ascribed  to  it. 

Diagnosis. — The  diagnosis  of  obstructive  softening  rests  on  the  symptoms 
of  a  sudden  cerebral  lesion,  occurring  in  the  conditions  that  are  known  to 
be  causes  of  vascular  occlusion.  The  characters  of  the  attack  have  less 
diagnostic  significance  than  the  causal  indications.  The  chief  difficulty  is 
the  distinction  of  atheromatous  obstruction  from  hemorrhage.  During  the 
first  forty  years  of  life  the  question  seldom  arises.  Hemorrhage  would  only 
be  suspected  if  the  apoplectic  attack  were  one  of  considerable  severity,  and 
the  coma  prolonged.  It  must  be  remembered  that  heart  disease,  by  produc- 
ing aneurism,  is  a  cause  of  hemorrhage  even  during  youth,  and  hemorrhage 
should  be  suspected  if  a  patient  suffering  from  heart  disease  is  seized  with 
apoplexy  followed  by  deepening  coma.  Such  symptoms  are  rarely  caused  by 
embolism,  unless  the  internal  carotid  is  obstructed,  and  this  can  be  excluded 

*  The  limbs  were  affected  on  the  same  side  as  the  thrombosis  in  most  recorded  cases; 
which  seems  to  show  that  it  is  due  to  the  anaemia  below  the  decussation  of  the  pyramids. 

f  The  whole  cerebellum  can  be  injected  from  any  one  of  its  arteries,  even  if  the  basilar  is 
tied  (Buret). 
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by  an  ophthalmoscopic  examination.  But  in  most  cases  during  the  first  half 
of  life  the  apoplectiform  symptoms  are  generally  moderate  or  slight  in 
degree,  or  are  absent,  and  one  of  the  two  common  causes  of  vascular 
obstruction  can  be  traced — heart  disease  or  syphilis.  Usually  one  is  present 
and  the  other  absent,  and  the  diagnosis  can  be  made  with  a  high  degree  of 
probability.  If,  however  both  are  present — if  the  patient  is  suffering  from 
heart  disease,  and  has  had  syphilis,  the  diagnosis  is  much  more  difficult,  and 
rests,  first,  on  the  evidence  of  activity  of  one  or  the  other  of  these  causes, 
and  secondly,  on  the  presence  of  any  other  symptoms  that  may  be  due  to 
syphilitic  disease  of  the  brain.  If  there  is  considerable  valvular  mischief,  if 
there  has  been  recent  endocarditis,  and  especially  if  evidence  of  embolism 
elsewhere  can  be  discovered  (as  an  enlarged  and  tender  spleen,  or  sudden 
hsematuria,  or  embolism  of  the  central  artery  of  the  retina),  the  probability 
of  cerebral  embolism  is  much  increased.  On  the  other  hand,  persistent 
headache  for  some  days  or  weeks  before  the  onset,  transient  attacks  of  ting- 
ling, numbness  or  weakness  in  the  limbs  afterward  paralyzed,  or  a  dull  som- 
nolent state  before  the  attack,  suggests  syphilitic  disease  of  the  arteries. 
Evidence  of  present  activity  of  the  syphilis  adds  weight  to  the  other 
symptoms,  but  is  not  often  forthcoming,  since  the  period  at  which  arterial 
disease  occurs  is  later  than  that  at  which  the  obtrusive  manifestations  of 
constitutional  syphilis  are  common.  Apparent  quiescence  of  the  constitu- 
tional disease  is  thus  no  contraindication,  nor  is  past  antisyphilitic  treatment, 
however  thorough.  As  an  instance  of  the  difficulty  the  diagnosis  sometimes 
presents  I  may  mention  the  case  of  a  man  who  had  an  attack  of  hemiplegia 
at  forty-five.  He  had  a  loud  aortic  regurgitant  murmur,  and  it  seemed 
probable  that  the  hemiplegia  was  due  to  embolism,  with  which  the  onset  was 
consistent.  But  he  had  had  severe  headache  for  some  weeks  before  the 
attack.  Shortly  afterward,  a  node  appeared  on  his  skull,  and  it  was  ascer- 
tained that  in  youth  he  had  had  syphilis.  This  fact  gave  significance  to  the 
headache,  and  made  it  far  more  probable  that  the  vascular  obstruction  was 
due  to  syphilitic  disease  than  to  embolism. 

A  year  or  more  after  the  onset,  the  absence  of  heart  disease  does  not 
exclude  embolism,  or  even  render  it  less  improbable,  if  the  hemiplegia 
occurred  during  or  soon  after  an  illness  known  to  cause  endocarditis.especially 
rheumatism  or  chorea.  A  girl  had  an  attack  of  chorea,  attended  by  endocar- 
ditis, and  mitral  regurgitation.  While  still  ill  with  the  chorea  she  had  an 
attack  of  hemiplegia,  no  doubt  due  to  embolism.  Some  years  later,  the 
hemiplegia  persisting,  her  heart  presented  no  abnormal  sign  in  sound  or 
impulse.*  Apart  from  a  cause  of  endocarditis,  the  absence  of  disease  of 
the  heart  renders  embolism  most  unlikely. 

During  the  degenerative  period  of  life,  after  forty-five,  the  diagnosis  of 
softening  presents  much  greater  difficulties.  The  help  afforded  by  causal 
indications  is  more  limited.     The  conditions  associated  with  hemorrhage 

*  Yet  several  years  later  she  presented  signs  of  mitral  constriction,  a  most  significant  fact, 
although  not  strictly  relevant  to  the  present  subject. 


ACUTE   SOFTENING.  827 

and  softening  are  to.  a  large  extent  the  same.  Atheroma,  the  chief  cause  of 
softening,  is  met  with  in  four-fifths  of  the  cases  of  hemorrhage.  The  state 
of  the  heart  is  of  more  significance  than  that  of  the  vessels.  A  strongly- 
acting,  hypertrophied  heart  suggests  hemorrhage ;  a  feeble,  irregular  heart, 
softening.  Cancer,  phthisis,  a  general  illness  or  depressing  emotion  before 
the  onset,  are  also  in  favor  of  softening.  Other  diagnostic  indications  are 
drawn  from  the  characters  of  the  onset,  and  these  have  been  already 
described  in  the  chapter  on  hemorrhage.  It  must  be  remembered  that  the 
diagnosis  is  always  a  matter  of  probability,  sometimes  high  and  sometimes 
low. 

The  diagnosis  is  occasionally  rendered  still  more  complicated  by  the  co- 
existence of  heart  disease,  or  of  syphilis,  with  arterial  degeneration,  but  the 
additional  complexity  relates  to  the  cause  of  softening  rather  than  to  the 
distinction  from  hemorrhage.  The  latter  is  indeed  facilitated  since  the 
presence  of  more  than  one  condition  capable  of  causing  softening  increases 
the  probability,  cateris  paribus,  that  the  lesion  is  not  hemorrhage.  But  the 
question  which  of  several  causes  of  vascular  obstruction  has  been  effective  in 
a  given  case  can  only  be  answered  by  a  careful  consideration  of  the  apparent 
activity  of  the  several  causal  influences  and  by  the  symptoms  at  the  onset  as 
already  described.  It  must  be  remembered  that  atheroma  and  syphilitic 
disease  have  more  symptoms  in  common  with  each  other  thai)  either  has 
with  embolism,  since  in  each  there  may  be  interference  with  the  circulation, 
and  often,  therefore,  slight  symptoms  before  the  onset.  In  some  cases  a 
correct  diagnosis  is  impossible.  A  woman,  aged  sixty,  was  brought  uncon- 
scious to  the  hospital  with  symptoms  that  pointed  to  obstruction  in  the 
basilar  artery.  Her  vessels  were  highly  degenerated  and  she  had  a  loud 
murmur  of  mitral  constriction.  Of  the  two  lesions  that  seemed  possible, 
atheromatous  thrombosis  and  embolism,  the  rarity  of  the  latter  in  the 
basilar  artery  made  the  former  rather  more  likely.  She  died,  and  throm- 
bosis of  the  basilar  was  found,  as  anticipated,  but  it  was  due,  not  to  athe- 
roma, but  to  intense  and  characteristic  syphilitic  disease  of  the  vessel, 
which  there  was  nothing  during  life  to  suggest. 

Prognosis. — The  prospect  of  recovery  from  the  initial  symptoms  depends 
on  their  severity  and  duration,  on  the  previous  occurrence  of  similar  attacks, 
on  the  artery  affected,  and  on  the  nature  of  the  cause.  Intensity  of  apo- 
plexy is  a  graver  indication  than  its  duration.  In  this  respect  softening  dif- 
fers from  hemorrhage.  It  is  not  uncommon  for  a  patient  to  recover  after 
coma  has  lasted  for  five  or  six  days,,  but  deep  coma  with  impairment  of 
respiration  is  as  rarely  recovered  from  in  softening  as  in  hemorrhage.  The 
stage  of  inflammatory  reaction  is  attended  with  considerable  danger  in 
severe  cases,  and  the  occurrence  of  rapid  sloughing  or  of  convulsions  is 
usually  of  fatal  augury. 

It  is  rare  for  a  patient  to  die  in  a  first  attack  of  cerebral  softening  unless 
a  very  large  vessel  is  occluded.  But  if  the  brain  has  been  damaged  by  a 
preceding  attack,  recovery  occurs  less  readily,  and  the  immediate  danger  to 
life  increases  with  the  number  of  preceding  attacks. 
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Thrombosis  of  the  internal  carotid  or  of  the  basilar  entails  imminent 
danger  to  life,  and  the  latter,  from  whatever  cause  it  arises,  is  rarely  survived. 
Next  in  gravity  is  obstruction  of  the  vertebral,  and  next  that  of  the  middle 
cerebral.  Obstruction  of  the  trunk  of  both  middle  cerebrals  is  almost 
always  fatal.  Subject  to  these  indications,  the  danger  to  life  is  far  less  in 
embolism  and  in  syphilitic  disease  than  in  senile  softening,  so  far  as  concerns 
the  cerebral  lesion.  In  most  fatal  cases  of  cerebral  embolism  death  has  been 
due  more  to  the  state  of  the  heart  or  to  some  general  disease,  as  rheumatism, 
than  to  the  disease  of  the  brain.  Death  from  syphilitic  disease  is  rare  unless 
the  basilar  artery  or  many  vessels  are  affected,  or  the  nature  of  the  malady 
is  not  recognized  and  met  by  appropriate  treatment. 

The  prognosis  as  to  recovery  from  the  persisting  symptoms  depends  on  the 
seat  of  the  disease,  and  the  reasons  for  regarding  the  symptoms  as  "  direct  " 
or  "  indirect  "  in  nature.  These  indications  are  the  same  as  in  cerebral 
hemorrhage,  and  are  described  in  the  account  of  this  (p.  787)  and  also  in 
the  description  of  the  individual  symptoms.  The  prospect  of  recovery 
depends  also,  to  some  extent,  on  age.  Recovery  of  slightly  damaged  parts, 
and  compensatory  action  of  other  parts,  both  take  place  more  readily  in  the 
young  than  in  the  old.  But  the  prognosis  as  regards  recovery  is  not  influ- 
enced by  the  nature  of  the  disease.  It  is  no  better  in  syphilitic  disease  than 
in  embolism.  We  may,  by  treatment,  remove  the  disease  in  the  wall  of  the 
occluded  vessel,  we  may  prevent  an  increase  in  the  symptoms,  but  we  can- 
not remove  the  clot  that  has  finally  closed  it,  and  has  extended  on 
into  the  distal  branches  of  the  vessel.  We  cannot,  therefore,  restore  the 
circulation  through  the  vessel.  Neither  can  we  influence,  by  antisyphilitic 
treatment,  the  process  of  softening.  In  syphilitic  disease  of  vessel,  just  as 
in  embolism,  this  is  a  process  of  simple  necrosis.  Therefore,  the  syphilitic 
origin  of  the  disease  does  not  influence  the  prognosis  of  developed  palsy. 
Most  cases  improve,  and  many  recover,  but  they  improve  and  recover  in  the 
same  way  as  in  every  other  form  of  acute  cerebral  lesion — because  the  symp- 
toms are  of  indirect  and  not  of  direct  origin,  and  sometimes,  in  obstruction, 
because  a  collateral  circulation  is  possible.  The  improvement  that  occurs  is 
not  due  to  the  antisyphilitic  remedies  that  may  be  given,  and  if  the  soften- 
ing involves  the  motor  path  or  centres,  enduring  hemiplegia  is  the  result. 
It  is  necessary  to  insist  strongly  upon  this  fact.  Because  a  palsy  is  due  to 
syphilis,  it  is  often  assumed,  as  a  matter  of  course,  that  it  will  be  removed 
by  antisyphilitic  treatment.  The  assumption  is  correct  as  regards  the  pres- 
sure effects  of  syphilitic  growths  and  many  syphilitic  inflammations,  but  it 
is  not  true  of  necrotic  softening  from  vascular  disease.  I  have  seen  many 
patients  who  had  been  assured  that,  because  their  hemiplegia  was  of  syphi- 
litic origin,  they  would  certainly  be  cured,  and  when,  after  a  year  or  two, 
the  paralysis  remained,  they  were  naturally  indignant  at  the  erroneous  opinion 
they  had  received. 

It  must  be  remembered  that  convulsions  after  the  onset  are  prone  to 
recur,  and  the  tendency  to  the  return  is  greater,  if  some  time  elapses  before 
they  occur,  and  especially  if  the  cortex  is  involved.     They  may  continue 
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even  when  the  paralysis  has  passed  away,  and  may  constitute  a  disease 
resembling  epilepsy  in  its  course  and  even  less  amenable  to  treatment. 
Such  recurring  convulsions  are  far  more  frequent  after  softening  than  after 
hemorrhage,  partly  because  the  cortex  is  more  often  involved. 

The  probability  of  a  recurrence  of  paralysis  varies  according  to  the  nature 
of  the  disease.  In  embolism  it  is  not  great.  Although  a  second  attack  is 
possible,  and  instances  are  occasionally  met  with,  it  is  a  rare  accident,  and 
in  any  given  case  a  recurrence  is  unlikely.  In  syphilitic  disease  the  proba- 
bility of  a  recurrence  is  a  question  of  treatment.  Without  proper  treatment 
it  is  probable.  Many  vessels  are  usually  affected,  and  if  the  disease  is  allowed 
to  progress  unchecked  it  is  likely  that  another  artery  will  be  obstructed. 
In  many  cases,  the  severe  attack  was  preceded  by  a  slighter  seizure,  weeks  or 
months  before  the  onset,  the  cause  of  which  was  not.  suspected.  Iodide  of 
potassium  effectually  removes  the  disease  of  the  wall,  and  although  this  does 
not  restore  the  lumen  of  an  occluded  vessel,  it  does  save  other  vessels  from 
obstruction.  The  nature  of  the  case  is  usually  recognized  and  treated,  and 
hence  a  recurrence  of  softening  is  extremely  rare.  In  atheromatous  soft- 
ening, on  the  other  hand,  the  tendency  to  recurrence  is  very  great.  Many 
arteries  are  always  affected  ;  the  disease  of  their  walls  is  progressive — an  age 
degeneration  beyond  control — and  sooner  or  later  other  vessels  are  almost 
sure  to  become  obstructed.  When  another  vessel  will  suffer  cannot  be  fore- 
told, but  it  is  more  likely  to  be  speedy — to  occur,  for  instance,  within  two 
or  three  years,  if  the  first  attack  occurred  without  a  removable  exciting  cause, 
i.  e.  independently  of  transient  influences  favoring,  thrombosis.  If,  for 
instance,  the  attack  came  on  after  depressing  grief,  during  an  attack  of  gen- 
eral illness,  or  in  consequence  of  prostrating  fatigue,  a  recurrence  is  more 
likely  to  be  long  deferred  than  if  it  came  on  without  such  excitant.  On  the 
other  hand,  a  speedy  recurrence  is  more  probable  if  there  are  conditions 
favoring  thrombosis  that  cannot  be  removed,  especially  cardiac  weakness 
and  dilatation.  Exceptions  to  these  rules  naturally  occur,  because  the  rules 
take,  and  can  take,  cognizance  of  one  element  only  in  the  morbid  process. 
The  other — the  extent  and  degree  of  the  vascular  degeneration — must  remain 
an  unknown  factor,  which  may  often  render  our  conclusions  wrong,  although 
they  may  be  still  more  often  right. 

Treatment. — The  treatment  of  the  initial  apoplexy  is  in  part  the  same  as 
in  cerebral  hemorrhage ;  in  part  it  is  different.  The  same  precautions  are 
necessary  as  to  the  avoidance  of  undue  movement,  and  it  is  important  to 
loosen  the  clothes  around  the  neck  so  as  to  prevent  any  hindrance  to  the 
return  of  blood  from  the  head.  Sinapisms  to  the  neck  also  probably  do 
good ;  they  hasten  the  recovery  of  consciousness,  and  by  causing  reflex 
contraction  of  the  arteries  probably  quicken  the  cerebral  circulation  and 
lessen  the  tendency  to  stasis.  The  chief  aim  of  treatment  must  be  to  main- 
tain the  cerebral  circulation  under  conditions  as  nearly  normal  as  possible, 
to  steady  the  action  of  the  heart,  and  at  the  same  time  to  avoid  too  great  a 
strain  on  the  adjacent  vessels  in  which  the  pressure  is  of  necessity  for  a  time 
increased.     By  doing  this  we  may  lessen  the  tendency  to  the  spread  of  the 
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thrombus  (whether  this  is  primary  or  secondary).  Hence  the  patient  should 
lie  with  the  head  and  shoulders  slightly  raised,  and  flexion  of  the  neck 
should  be  avoided.  The  bowels  should  be  opened,  but  more  gently  than 
in  hemorrhage.  Violent  purgation,  by  weakening  the  heart,  may  increase 
the  tendency  to  an  extension  of  the  clot.  If  the  patient  is  gouty  and  the 
heart  regular,  a  somewhat  stronger  aperient  may  be  given.  Under  the  same 
circumstances  a  diuretic  is  useful — half-drachm  doses  of  nitric  ether  by  the 
mouth  or  by  the  rectum.  Whenever  the  heart  is  feeble,  and  especially  if  it 
is  irregular,  digitalis  should  be  given  in  small  doses,  five  minims  of  the  tinc- 
ture repeated  every  four  or  six  hours.  An  increased  pressure  in  the  vessels 
adjacent  to  that  obstructed  need  not  be  feared  from  digitalis,  because  it 
contracts  the  arterioles  as  well  as  strengthens  the  heart,  and  by  rendering 
the  circulation  more  uniform  and  steady  it  lessens  the  tendency  to  the  for- 
mation of  clot.  If  it  is  at  all  probable  that  the  disease  is  softening,  the 
patient  should  on  no  account  be  bled.  Bleeding  has  been  advocated  even 
in  softening,  but  it  is  impossible  to  read  the  details  of  the  cases  in  which  it 
has  been  employed  without  being  convinced  that  it  has  in  many  instances 
hastened  death.  It  is  not  probable  that  a  few  leeches  to  the  temples  do  any 
harm  if  the  patient  is  fairly  strong,  nor  is  it  probable  that  they  do  any  good. 
Whether  stimulants  are  given  or  not  must  depend  on  the  state  of  the  pulse 
and  heart.  If  indicated,  ether,  ammonia,  or  alcohol  may  be  given,  the 
latter  more  freely  than  in  hemorrhage.  If  there  is  doubt  whether  alcohol 
should  be  given  or  not  in  hemorrhage  it  is  better  to  withhold  it ;  in  soften- 
ing it  is  better  to  give  it. 

After  the  patient  has  regained  consciousness,  mental  tranquillity  is  of  the 
first  importance.  All  excitement  should  be  carefully  avoided,  since  what- 
ever disturbs  the  heart's  action  is  liable  to  be  followed  by  reactionary  failure 
and  extension  of  the  thrombus.  Food  should  be  light,  easily  digested,  and 
nutritious.  Alcohol  is  better  avoided  after  the  first  twenty-four  hours  (unless 
the  state  of  the  pulse  urgently  demands  it)  on  account  of  the  risk  of  increas- 
ing the  intensity  of  the  inflammatory  reaction.  During  this  stage  the  man- 
agement of  the  case  requires  great  care  and  should  be  conducted  on  the  same 
principles  as  a  local  inflammation  elsewhere.  The  diuretic  given  at  the 
onset  may  be  continued.  The  bowels  must  be  kept  carefully  open.  The 
patient's  head  may  be  raised  a  little  higher,  but  the  shoulders  should  always 
be  raised  as  well  as  the  head.  If  there  is  much  headache  and  fever,  ice  may 
be  applied  to  the  side  of  the  head,  with  or  without  a  mustard  plaster  to  the 
back  of  the  neck.  Leeching  on  the  temple  or  behind  the  ear  has  been 
advocated,  and  may  be  employed  if  the  pulse  and  heart  are  fairly  strong; 
but  in  most  cases  it  is  safer  to  avoid  their  use.  If  convulsions  occur  during 
this  stage  ice  may  be  applied  and  a  few  doses  of  bromide  may  be  given. 
The  same  treatment  is  suitable  for  delirium.  Extreme  cleanliness  is  essential. 
The  limbs  and  back  should  be  daily  examined,  and  on  the  least  indication 
of  trophic  disturbances  the  patient  should  be  placed  on  a  water  bed.  If  this 
cannot  be  obtained,  pressure  must  be  kept  from  any  reddened  spot  by  pil- 
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lows  or  cotton  wool.    After  the  inflammatory  stage  is  over,  tonics  are  usually 
needed,  especially  iron  and  nux  vomica  or  strychnine. 

The  variations  in  this  treatment  which  the  special  form  of  obstruction 
renders  necessary  are  not  great.  In  embolism  the  general  principles  of 
treatment  are  also  in  the  main  the  same  as  in  thrombosis,  because  the  latter 
process  is  always  associated  with  embolism,  clot  forming  not  only  on  the 
distal  side  but  also  on  the  proximal  side  of  the  obstruction  up  to  the  origin 
of  the  first  large  branch,  and  it  is  important  to  avoid  whatever  may  facilitate 
the  extension  downward  of  this  secondary  clot.  Moreover,  it  is  important 
in  embolism  as  in  thrombosis  to  strengthen  and  steady  the  action  of  the 
heart,  in  order  to  lessen  the  risk  of  further  embolism.  This  is  more  likely 
to  occur  if  the  heart  acts  irregularly,  because  vegetations  tend  to  increase 
during  the  feeble  action  and  to  be  detached  when  it  becomes  excited.  But 
in  syphilitic  disease  something  more  is  necessary.  Although  treatment  is 
probably  powerless  to  undo  the  mischief  that  has  already  occurred  it  pre- 
vents an  increase.  We  know  that  syphilitic  disease  of  the  arteries  is  never 
limited  to  one  spot ;  many  arteries  are  usually  affected,  and  the  same  artery 
may  be  diseased  at  separate  spots,  and  it  is  of  the  utmost  importance  to 
avoid  the  extension  of  the  area  of  obstruction  by  removing  this  disease. 
Iodide  of  potassium  should  therefore  be  given  in  doses  of  ten  or  fifteen  grains 
every  six  or  eight  hours,  or  scruple  doses  may  be  injected  into  the  rectum. 
If  a  patient  has  not  recently  taken  iodide — and  the  probability  that  he  has 
not  is  very  great — thirty  or  forty  graias  daily  removes  the  disease  rapidly. 
It  may  be  well  also  to  rub  in  some  mercury,  especially  if  the  symptoms 
indicate  extensive  disease.  The  importance  of  prompt  treatment  cannot  be. 
too  strongly  urged,  because  another  artery  may  become  occluded  if  any 
delay  is  permitted.  Even  if  there  is  a  possibility  that  the  occlusion  is  due 
to  syphilis,  iodide  should  be  given.  In  embolism  and  senile  thrombosis 
iodide  of  potassium  can  do  no  good,  and  may  perhaps  do  harm,  because  it 
has  a  distinct  tendency,  as  its  use  in  aneurisms  shows,  to  increase  coagula- 
tion. For  the  same  reason  it  is  better  not  to  give  iodide  in  syphilitic  cases 
in  unnecessarily  large  doses. 

In  all  cases  of  vascular  lesion  of  the  brain  the  patient  should  be  kept  at 
perfect  rest  in  bed  for  a  period  which  varies  with  the  severity  of  the  disease, 
and  may  be  two  weeks  in  slight  cases,  and  four  or  six  weeks  in  those  that  are 
more  severe.  When  the  stage  of  inflammatory  disturbance  is  over,  and  the 
process  of  repair  of  the  less  damaged  structures  has  commenced,  nervine 
tonics  may  be  given,  such  as  quinine,  strychnia,  hypophosphite  of  soda,  and 
other  tonics  that  may  be  indicated,  such  as  iron.  For  the  reasons  to  be 
mentioned  presently,  it  is  impossible  to  obtain  satisfactory  evidence  that 
nervine  tonics  do  good,  but  it  is  probable  that  they  have  some  influence 
in  the  right  direction.  The  better  the.general  health  the  quicker  is  recovery 
in  any  disease. 

For  the  treatment  of  the  residual  symptoms  that  depend  on  the  destruction 
of  tissue  little,  unfortuaately,  can  be  done.  It  is  doubtful  whether  any  thera- 
peutic measures  have  a  distinct  influence  upon  them.     The  indirect  symp- 
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toms  pass  away  spontaneously.  Many  of  the  direct  effects  lessen  after  a  time, 
with  and  without  treatment,  in  consequence  of  the  compensation  effected  by 
other  parts  of  the  brain.  In  hemiplegia,  for  instance,  improvement  always 
occurs  in  the  leg,  even  when  the  motor  path  to  the  affected  side  is  completely 
interrupted,  in  consequence  of  the  other  hemisphere  gaining  that  power  over 
the  limb  for  which  anatomical  arrangements  always  exist. 

In  the  early  stage  of  hemiplegia  gentle  rubbing  of  the  limbs  is  all  the  treat- 
ment admissible.  It  has  a  tendency  to  lessen  the  rigidity,  and  may  be  con- 
tinued and  made  more  vigorous  when  the  early  rigidity  has  passed  away  and 
the  late  rigidity  has  set  in.  Upward  rubbing  of  the  muscles  has  most  influ- 
ence in  lessening  the  spasm.  The  influence  of  electricity  on  the  paralysis 
is  very  small,  as  may,  indeed,  be  anticipated  from  the  nature  of  the  palsy. 
Late  rigidity  in  the  flexors  is  lessened,  for  the  moment,  by  faradisation  of 
the  extensors,  and  repeated  applications  sometimes  seem  slightly  to  diminish 
the  contraction.  If  there  is  some  power  of  voluntary  movement,  the  stimu- 
lation of  the  muscles  by  any  form  of  electricity  is  followed  by  a  slight  tem- 
porary improvement  in  power,  but  the  improvement  is  not  permanent,  and 
it  is  doubtful  whether  any  lasting  good  results  from  a  course  of  such  treat- 
ment. In  any  case,  it  is  not  desirable  to  apply  electricity  to  the  limbs  during 
the  first  six  weeks  after  the  onset.  The  stimulation  of  the  sensory  nerves  of 
the  limbs  has  an  influence  on  the  brain,  as  the  arrest  of  a  commencing  epi- 
leptic fit  by  such  means  clearly  show>s.  The  early  application  of  electricity 
has  been  followed  immediately  by  -a  fresh  attack  of  paralysis.  That  the 
application  caused  the  attack  is  very  improbable,  but  it  cannot  be  said  to 
be  impossible,  and  the  mere  sequence  of  events  might  have  a  very  decided  in- 
fluence on  the  mutual  relations  of  patient  and  practitioner.  The  application 
of  the  voltaic  current  to  the  cranium  has  been  suggested  as  a  means  of  influ- 
encing the  recovery  of  damaged  cerebral  tissue,  but  from  the  powerlessness 
of  the  current  on  processes  of  repair  in  nerve  elements  that  are  quite  acces- 
sible, I  think  it  may  be  asserted  that  an  influence  on  the  cerebral  disease  is 
not  within  the  range  of  therapeutic  possibility.  Theoretically,  at  least,  the 
capacity  for  harm  of  this  method  of  treatment  is  considerable.  The  ten- 
dency to  improvement,  by  cerebral  compensation,  and  by  the  spontaneous 
disappearance  of  indirect  symptoms,  is  very  marked,  and  makes  it  difficult 
to  estimate  the  actual  influence  of  treatment  that  is  employed  ;  at  the  same 
time  it  renders  these  cases  a  tempting  .field  for  the  assumptions  of  the  quasi- 
therapeutist.  It  is  most  important  that,  when  there  is  evidence  of  destruc- 
tion of  the  motor  path,  friends  of  the  patient,  if  not  the  patient  himself, 
should  be  made  aware  of  the  hopelessness  of  a  search  after  a  "cure,"  on  the 
one  hand,  and,  on  the  other,  of  the  slow  improvement  that  time  will  bring. 
In  few  diseases  does  more  harm  result,  indirectly,  from  the  mistaken  kind- 
ness which  conceals  unpleasant  truths. 

In  addition  to  the  measures  just  mentioned,  which  tend  to  lessen  late  con- 
tractures, mechanical  means  are  sometimes  necessary  for  cases  in  which  it 
becomes  extreme  in  degree.  The  hand  may  be  placed  on  a  splint  for  a  few 
hours  each  day  j  the  spasm  may  be  readily  overcome,  so  as  to  apply  the 
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splint,  by  gentle  continued  extension,  aided  in  severe  cases  bythe  immersion 
of  the  limb  in  warm  water.  A  small  cylinder  may  be  placed  in  the  hand 
within  the  flexed  fingers,  or  an  india-rubber  ball  to  which  a  tube  is  attached 
may  be  introduced,  and  inflated  after  it  is  in  the  hand.  When  the  paralysis 
of  the  leg  is  considerable,  there  is  often  shortening  of  the  calf  muscles,  due 
to  the  weight  of  the  foot,  which  brings  it  into  the  position  of  extension  as 
the  patient  lies.  This  is  a  serious  inconvenience,  because  it  may  prevent  the 
patient  standing  and  walking  when  he  acquires  sufficient  muscular  power. 
It  can  be  more  readily  prevented  than  cured.  The  foot  should  be  carefully 
kept  at  right  angles  to  the  leg  during  the  early  stage,  by  a  foot-board  or  by  a 
sand-bag  beneath  the  sole.  At  a  later  period  it  may  be  necessary  to  get  the 
foot  up  by  attaching  a  cord  with  a  spring  inserted  in  it  from  the  front  of  the 
boot  to  the  knee,  or  by  the  use  of  a  suitable  splint.  The  active  character 
of  the  contracture  renders  tenotomy  undesirable. 

The  post-hemiplegic  athetoid  spasm  is  very  difficult  to  influence  by  treat- 
ment. Electricity  fails,  as  a  rule,  to  lessen  it.  I  have,  indeed,  met  with 
one  case  in  which  the  spasm  presented  a  very  marked  and  permanent  dimi- 
nution during  a  course  of  treatment  with  the  voltaic  current,,  but  no  similar 
effect  was  produced  in  a  number  of  similar  cases  in  which  I  employed  the 
same  treatment,  and  I  am  therefore  disposed  to  regard  the  improvement  as 
a  coincidence  rather  than  as  a  consequence.  The  incoordination  is  some- 
what lessened  by  the  persevering  practice  of  hand  gymnastics,  regular 
rhythmical  movements  of  the  fingers  and  thumb.  A  set  of  "dumb  piano" 
keys  is  convenient  for  this  purpose.  These  are  made  for  exercising  the 
fingers  of  pianists,  and  are  so  constructed  that  the  resistance  of  the  keys  can 
be  varied  by  a  spring.  Systematic  rubbing  has  also  a  slight  beneficial  influ- 
ence on  this  as  on  other  forms  of  spasm. 

Softening  of  the  brain  is  the  most  common  cause  of  aphasia,  and  the 
question  often  arises  whether  any  special  treatment  should  be  adopted  for 
the  loss  of  speech.  So  far  as  concerns  general  therapeutic  measures,  the 
treatment  for  the  condition  of  the  brain  already  mentioned  is  all  that  can 
be  done  ;  the  only  special  treatment  for  the  loss  of  speech  is  educational. 
The  question  only  arises  in  a  severe  case  of  speech  defect,  in  which  there  is 
destruction  of  the  speech  region,  motor  and  sensory,  on  the  left  side  of  the 
brain.  Under  these  circumstances  speech  is  recovered  by  a  process  of 
training  of  the  right  hemisphere  so  as  to  bring  the  right-sided  speech  pro- 
cesses into  a  relation  to  the  will  similar  to  that  of  the  processes  in  the  left 
hemisphere.  The  readiness  with  which  this  can  be  effected  varies  in  differ- 
ent individuals.  In  some  it  occurs  speedily,  in  others  it  never  occurs,  and 
all  treatment  fails  to  evoke  any  power  of  voluntary  speech.  The  precise 
method  to  be  adopted  must  depend  on  the  character  of  the  defect,  but  must 
in  each  case  consist  in  sedulous  practice  of  the  speech  process  that  is  defi- 
cient. If  there  is  word  deafness",  simple  directions  must  be  uttered  to  the 
patient,  and  gradually  varied  and  made  more  complex;  if  the  patient  has  a 
difficulty  in  reviving  word  images,  he  must  be  exercised  in  naming  objects ; 
if  there  is  motor  aphasia,  without  word  deafness,  he  should  try  to  repeat 
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words  after  another  person.  So  with  inability  to  read  and  to  write.  In 
motor  aphasia,  attempts  to  write  are  useless  until  the  patient  has  made  some 
progress  with  articulate  expression.  In  every  case  the  exercises  must  begin 
with  the  simplest  word  processes  of  each  kind,  and  these  should  be  mastered 
before  more  difficult  processes  are  attempted.  The  practice  should  not  be 
continued  long  enough  to  fatigue  the  brain,  but  should  be  repeated  several 
times  a  day.  Great  patience  and  perseverance  are  required,  but  these  will 
be  rewarded  by  progress  far  more  rapid  than  is  possible  if  the  patient  is  left 

alone. 

In  right  hemiplegia  it  may  be  necessary  to  acquire  the  power^of  working 
with  the  left  hand.  A  "  type- writer  "  may  with  advantage  be  employed  in 
some  cases ;  the  relative  fitness  of  the  various  kinds  is  mentioned  in  the 
chapter  on  Writers'  Cramp. 

THROMBOSIS  IN  THE  CEREBRAL  SINUSES  AND  VEINS. 

Coagulation  of  blood  may  occur  in  the  cerebral  sinuses  and  veins,  and 
may  cause  mechanical  congestion,  oedema,  capillary  hemorrhages,  and 
sometimes  softening,  in  the  parts  from  which  the  blood  should  be  conveyed 
by  the  occluded  vessel.  The  occurrence  is  usually  of  very  serious  signifi- 
cance, on  account  not  only  of  its  effects  but  also  of  the  gravity  of  the  con- 
ditions with  which  it  is  associated.  In  order  to  understand  the  pathology 
of  the  condition,  it  is  necessary  to  bear  in  mind  the  chief  facts  regarding 
the  venous  circulation  of  the  brain  already  described  at  p.  501. 

Causes. — Sinus  thrombosis  may  occur  (1)  from  the  state  of  the  blood 
and  circulation  generally ;  (2)  in  consequence  of  disease  adjacent  to  the 
sinuses.  Having  regard  to  the  local  process  itself,  the  former  may  be  called 
primary,  the  latter  secondary  thrombosis.  The  secondary  thrombosis  is 
more  than  twice  as  common  as  the  primary. 

Primary  thrombosis  usually  occurs  in  association  with  general  malnutrition 
and  prostration,  and  hence  is  often  termed  "marantic  thrombosis."*  It 
occurs  at  all  ages,  but  most  frequently  in  children,  and  next  in  frequency  in 
the  very  old.  In  children  it  is  met  with  up  to  fourteen  years  of  age,  but 
the  chief  liability  is  during  the  first  six  months  of  life,  and  the  chief  cause 
is  severe  and  exhausting  diarrhoea.  It  may,  however,  follow  almost  any 
prostrating  malady,  lung  disease,  long-continued  suppuration,  or  acute 
specific  diseases.  In  adults  it  occurs  occasionally  during  the  last  stage  of 
phthisis,  sometimes  from  acute  diseases,  in  the  puerperal  state,  or  in  the 
course  of  cancer. 

These  causes  no  doubt  act  partly  by  weakening  the  heart  and  so  retarding 
the  circulation,  and  partly  by  rendering  the  blood  more  prone  to  coagulate. 
Diarrhoea  may  act  also  by  reducing  the  volume  of  the  blood.  The  rigid 
walls  of  a  sinus  cannot  contract  in  adaptation  to  lessened  volume  of  the 
blood,  and  hence  the  circulation  in'  it  must  be   unduly  retarded.     The 

*  The  term  marasmus  is  currently  used  in  a  more  restricted  sense  than  is  implied  in  this 
use  of  the  adjective,  although  the  latter  is  justified  by  the  original  meaning  of  the  word. 
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trabecule  that  cross  its  cavity  doubtless  also  facilitate  the  formation  of  a 
clot,  and  so  also  does  the  irregular  shape  of  the  cavity.  The  seat  of  primary 
thrombosis  is  almost  invariably  the  superior  longitudinal  sinus,  very  rarely 
the  lateral,  still  more  rarely  the  cavernous  sinus.  It  is  probable  that  the 
current  of  blood  in  the  superior  longitudinal  sinus  is  normally  more  feeble 
than  in  any  other  vessel  of  the  body.  The  veins  that  it  receives  open  into 
it  in  a  forward  direction,  so  that  the  motion  of  the  entering  blood  is 
opposed  to  that  of  the  blood  in  the  sinus.  Moreover,  these  veins  ascend  to 
the  sinus,  and  nowhere  else  in  the  body  do  ascending  veins  receive  the  blood 
of  ascending  arteries.  Destitute,  therefore,  of  the  influence  of  hydrostatic 
pressure,  they  depend  for  the  movement  of  the  blood  solely  on  the  force  of 
the  heart,  exerted  through  the  capillaries.  It  is  not  surprising  that  throm- 
bosis should  occur  in  this  vessel  when  the  circulation  within  it  is  still  further 
weakened  by  disease.  This  influence  of  the  irregularity  of  the  inner  surface 
is  shown  by  the  fact  that  a  clot  is  sometimes  found  on  the  wall  of  the  sinus, 
in  which  a  channel  remains  for  the  blood. 

Does  primary  thrombosis  ever  occur  in  the  veins  and  not  in  a  sinus  ? 
There  is  some  pathological  evidence  that  it  does.  Young  children  are 
sometimes  seized  with  hemiplegia,  commencing  with  unilateral  convulsions 
that  are  prone  to  recur  afterward.  Sometimes  the  .attack  comes  on  without 
exciting  cause,  sometimes  under  the  same  conditions  as  sinus  thrombosis. 
The  symptoms  point  to  a  cortical  lesion,  and  it  is  not  improbable  that  this 
is  sometimes  thrombosis  in  one  of  the  veins  of  the  convexity.  Very  similar 
symptoms  in  the  course  of  tubercular  meningitis  have  been  proved  to  be  due 
to  thrombosis  in  a  vein.  These  cases  of  infantile  hemiplegia  are  considered 
at  a  subsequent  page. 

z.  Secondary  thrombosis,  the  result  of  disease  adjacent  to  a  sinus.  The 
most  common  cause  is  caries  of  the  bone,  and  especially  disease  of  the  inter- 
nal ear.  Other  causes  are  injury  to  the  bone  (especially  when  attended  with 
inflammation  of  the  diploe),  meningitis,  especially  tubercular,  compression 
of  a  sinus  by  a  tumor  or  foreign  body,  and  suppurative  diseases  outside  the 
skull,  erysipelas,  carbuncle  of  face  or  neck,  malignant  ulceration,  and 
even,  it  is  said,  suppurating  eczema  of  the  scalp  (Tonnele).  This  form 
occurs  with  nearly  the  same  frequency  throughout  life,  except  that  it  is  rare 
in  the  very  young  and  in  the  very  old. 

The  mechanism  by  which  local  disease  acts  is  probably  threefold.  First, 
the  inflammation  may  extend  to  the  wall  of  the  sinus,  and  the  inflamed 
wall  may  cause  coagulation  of  the  blood  within  it.  Secondly,  a  clot  may 
extend  along  a  vein  that  passes  from  the  disease  to  the  sinus.  Almost  every 
sinus  receives  veins  from  the  exterior  of  the  skull  (see  p.  502),  many  of  them 
also  from  the  diploe,  while  the  superior  petrosal  and  lateral  sinus  receive 
blood  from  the  internal  ear.  The  third  mechanism  is  the  simple  compres- 
sion of  a  sinus,  but  this  is  very  rare.  The  first  and  second  are  common,  and 
it  is  often  difficult  to  say  which  has  been  effective  in  a  given  case.  There  is 
sometimes  distinct  evidence  of  inflammation  of  the  wall  of  the  sinus,  and 
meningitis  frequently  coexists.     But. in  other  cases  the  wall  of  the  sinus  is 
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healthy,  and  the  clot  is  apparently  extended  into  it  by  prolongation.  Even 
when  there  is  inflammation  of  the  wall,  this  may  be,  in  some  cases,  second- 
ary to  the  formation  of  the  clot.  Hence  it  is  not  desirable  to  call  the 
whole  of  this  group  "  phlebitic  thrombosis."  The  sinus  affected  is  always 
that  nearest  to  the  local  disease,  and,  as  ear  disease  is  the  most  common 
cause,  the  most  common  seat  of  thrombosis  is  the  superior  petrosal  or  lat- 
eral sinus.  The  superior  longitudinal  sinus  is  very  rarely  the  seat  of  a  sec- 
ondary thrombus.  In  tubercular  meningitis  the  clot  may  be  limited  to  a 
vein. 

Pathological  Anatomy. — The  affected  sinus  is  usually  filled  with  a  clot 
adherent  to  the  walls,  and  the  more  firmly,  the  older  it  is.  A  recent  clot  is 
dark  red  and  soft,  but  after  a  few  days  it  becomes  paler,  granular  and  fri- 
able. It  is  usually  laminated.  Sometimes  the  clot  does  not  entirely  fill  the 
sinus.  When  due  to  adjacent  caries,  it  is  usually  softened  and  puriform  in 
aspect.  The  clot  may  be  limited  to  one  part  of  the  sinus,  or  may  extend 
through  its  whole  extent,  and  even  beyond  it,  into  the  tributary  veins  on 
the  one  hand,  or  into  another  sinus  on  the  other,  and  even  into  the  com- 
mencement of  the  internal  jugular  vein.  The  wall  of  the  sinus  is  rarely 
inflamed  in  marantic  thrombosis,  but  often  when  the  condition  is  due  to  the 
extension  of  adjacent  inflammation.  Meningitis  is  common  under  the  same 
circumstances.  The  veins  from  which  the  sinus  receives  its  blood  are  always 
greatly  distended,  and  the  coagulation  may  have  spread  into  one  or  more. 
The  mechanical  obstruction  to  the  return  of  the  blood  causes  intense  con- 
gestion and  cedema  in  the  part  from  which  the  tributary  vessels  come. 
Capillaries  often  give  way,  especially  in  the  gray  substance,  so  that  this  is 
crammed  with  minute  points  of  hemorrhage.  This  is  most  marked  when 
and  where  the  clot  has  extended  into  the  tributary  veins.  If  the  clot  is 
limited  to  a  sinus,  some  blood  can  pass  from  the  veins  by  other  channels, 
but  if  a  vein  is  plugged  the  circulation  in  the  part  is  arrested.'  The  result  of 
the  cedema  and  hemorrhage  is  to  cause  softening,  often  limited  to  minute 
foci,  sometimes  diffuse,  so  that  a  mulberry-colored  pulp  results.  Very  rarely 
meningeal  hemorrhage  results.  Little  is  known  of  the  changes  that  occur 
if  the  patient  recovers,  but  it  is  probable  that  the  destruction  of  tissue  is 
rarely  so  great  as  in  arterial  obstruction,  and  that  the  affected  part  of  the 
cortex  ultimately  presents  atrophy  and  induration  of  the  convolutions. 
When  the  clot  softens,  foci  of  inflammation  may  often  be  found  in  the  lungs, 
sometimes  purulent,  constituting  secondary  septic  abscesses.  They  are 
present  in  about  half  of  the  cases  of  secondary  thrombosis. 

Symptoms. — The  symptoms  vary  much,  and  are  often  masked  by  those  of 
the  condition  that  gives  rise  to  the  thrombosis — the  cerebral  anaemia  in 
primary  thrombosis,  the  adjacent  disease  or  the  meningitis  it  excites,  in  the 
secondary  form.  The  symptoms  directly  due  to  the  thrombosis  are  of  two 
kinds,  those  produced  by  the  interference  with  the  functions  of  that  part 
of  the  brain  in  which  the  circulation  is  obstructed,  and  those  due  to  the  dis- 
turbed circulation  outside  the  skull  in  the  parts  from  which  veins  pass 
through  the  bone  to  the  internal  sinus.     The  former  symptoms  have  little 
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in  themselves  that  is  characteristic,  and  the  latter,  although  characteristic, 
are  comparatively  rare. 

Symptoms  of  Thrombosis  of  Special  Sinuses :  Superior  Longitudinal. — 
External  oedema  and  distention  of  veins  may  be  present  on  the  sides  of  the 
head  and  forehead.  There  may  be  epistaxis  from  the  veins  of  the  nose, 
which  communicate  with  the  anterior  extremity  of  the  sinus.  In  young 
children  the  fontanelle  may  become  prominent,  in  striking  contrast  to  its 
previous  depression  if  there  was  collapse  from  diarrhoea.  Cerebral  symptoms 
are  chiefly  general — apathy,  somnolence  and  coma;  vomiting;  and  convul- 
sions, usually  general,  but  sometimes  local ;  rigidity  of  the  neck  and  some- 
times of  the  muscles  of  the  back.  In  adults  convulsions  are  less  common 
than  delirium,  quiet  or  active.  There  is  usually  headache.  In  both  children 
and  adults  there  may  be  strabismus,  tremor  of  tongue  or  limbs,  rigidity  of 
the  limbs  or  of  the  arms,  or  of  the  legs  only.  Unilateral  symptoms  are 
usually  due  to  the  extension  of  the  thrombus  into  veins  over  one  hemisphere, 
and  then  there  may  be  unilateral  convulsion,  often  beginning  locally,  and 
loss  of  power  in  one  side,  sometimes  limited  in  extent.  Thus,  in  a  man  in 
the  last  stage  of  phthisis,  the  superior  longitudinal  sinus  contained  an  old, 
granular,  partly-discolored  clot,  which  did  not  quite  fill  it,  and  a  more  recent 
clot  had  extended  into  the  veins  over  the  right  frontal  lobe,  which  was 
intensely  congested  with  capillary  hemorrhage.  The  symptoms  were  mental 
dullness  for  a  day  or  two,  and  then  repeated  convulsions  beginning  in  the 
left  arm,  and  first  involving  the  whole  of  the  left  side,  then  ceasing  on  the 
left  side  and  involving  the  right.-  The  convulsions  recurred  every  ten  min- 
utes until  death,  two  hours  later. 

Cavernous  Sinus. — There  is  usually  some  oedema  about  the  eyelids  and 
temples,  and  enlargement  of  the  veins  about  the  orbit,  in  consequence 
of  the  communication  of  the  ophthalmic  and  facial  veins.  There  may  be 
distention  of  the  retinal  veins,  usually  transient,  and  there  may  be  oedema 
of  the  optic  papilla,  usually  slight.  The  eyeball  may  be  prominent  from  the 
distention  of  the  orbital  vessels.  Headache  is  common,  but  unilateral  limb 
symptoms  are  rare.  Sometimes  there  is  paralysis  of  the  nerves  to  the  orbit, 
which  run  in  the  wall  of  the  sinus,  including  the  first  division'  of  the  fifth. 
Neuro-paralytic  ophthalmia  has  been  observed  (Lebert). 

Petrosal  Sinuses. — It  is  doubtful  whether  distinctive  symptoms  attend 
thrombosis  of  either  of  the  petrosal  sinuses. 

Lateral  Sinus. — There  may  be- distention  of  veins  and  oedema  over  the 
mastoid  process.  Sometimes,  especially  if  the  clot  extends  into  the  com- 
mencement of  the  internal  jugular  vein,  much  of  the  blood  that  should  pass 
into  the  external  jugular  finds  its  way  into  the  former,  and  the  latter  on  that 
side  may  be  distinctly  less  full  than  on  the  other  side  (Gerhardt).  The  cere- 
bral symptoms  of  occlusion  of  the  lateral  sinus  are  not  distinctive. 

Symptoms  due  to  the  Nature  of  the  Thrombosis. — In  primary,  marantic 
thrombosis  the  symptoms  vary  in  their  accentuation.  In  adults  the  symptoms 
of  a  cerebral  lesion  of  some  kind  are  usually  distinct ;  the  significance  of  the 
somnolence  and  coma,  of  the  delirium  and  headache,  or  of  the  motor  symp- 
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toms,  is  unmistakable.  But  in  young  children  the  simple  exhaustion  from 
the  diarrhoea  is  often  attended  by  somnolence  and  inertia  hardly  less  than 
that  which  attends  the  occlusion  of  the  sinus.  Epistaxis,  oedema  of  the  scalp, 
or  retraction  of  the  head,  under  such  circumstances,  should  always  attract 
attention.     The  temperature  is  normal  or  raised  only  one  or  two  degrees. 

Secondary. — In  the  phlebitic  form  the  sinuses  most  often  occluded  are 
those  near  the  ear,  and  the  blood  is  able  to  escape  by  other  channels,  so  that 
the  damage  to  the  brain  is  slighter,  and  the  direct  symptoms  are  less  obtru- 
sive than  in  thrombosis  of  the  superioj:  longitudinal  sinus.  Indeed,  the  cere- 
bral symptoms  that  occur  are  due  more  to  the  meningitis  which  usually  coin- 
cides than  to  the  closure  of  the  sinus.  The  clot  that  forms  is  usually  septic, 
and  breaks  down  quickly  into  purulent  infective  material,  and  the  symptoms 
of  septicaemia  are  often  more  pronounced  than  are  those  of  a  cerebral  lesion. 
In  some  cases  the  local  symptoms  have  been  so  slight  that  the  occurrence  of 
a  morbid  process  was  not  suspected  until  the  signs  of  secondary  pulmonary 
abscesses  were  found.  More  frequently  the  septicsemic  symptoms  are  of  con- 
siderable severity,  rigors,  remitting  or  intermitting  pyrexia,  and  a  typhoid 
aspect.  Gradually  cerebral  symptoms  become  more  prominent.  There  is 
headache,  sometimes  local.  The  patient  becomes  dull,  somnolent,  and 
comatose;  or,  on  the  other  hand,  there  may  be  delirium,  quiet  or  violent. 
Motor  symptoms  may  consist  in  varied  paralyses,  disordered  sensation,  con- 
vulsions, or  rigidity,  due  chiefly  to  the  meningitis.  Their  significance  depends 
on  their  association  with  septic  symptoms,  or  with  the  subcutaneous  oedema 
already  described.  When  the  secondary  thrombosis  affects  other  sinuses  the 
special  local  symptoms  already  described  may  be  more  pronounced. 

The  onset  of  the  symptoms  is  sometimes  sudden,  but  more  often  insidious. 
Their  duration  varies  from  a  few  days  to  a  fortnight.  Coma  usually  precedes 
death.  Occasionally  severe  convulsions  may  exhaust  the  patient  in  a  few 
hours,  as  in  the  case  mentioned  on  p.  837.  Recovery  is  extremely  rare,  but 
sometimes  occurs  in  marantic  cases,  even  when  the  external  symptoms  leave 
no  doubt  of  the  accuracy  of  the  diagnosis.*  It  is  probable  that  the  clot  may 
be  absorbed  and  circulation  reestablished,  but  if  the  thrombus  has  extended 
into  a  vein,  permanent  damage  to  the  cortex  may  result. 

Diagnosis. — In  marantic  thrombosis  in  the  adult  the  occurrence  of  cere- 
bral symptoms  may  lead  to  a  suspicion  of  the  condition  if  the  patient  has 
no  heart  disease  and  has  not  reached  the  degenerative  period  of  life,  but  the 
diagnosis  is  only  certain  when  there  is  external  cedema  or  distention  of  veins. 
In  an  old  person,  without  these  symptoms,  the  cerebral  disturbance  is  more 
likely  to  be  due  to  thrombosis  in  an  artery  than  in  a  vein.  In  young  children, 
somnolence,  coma,  and  even  general  convulsions  may  be  due  merely  to 
cerebral   anasmia  (in   the   state   termed  "  hydrocephaloid "),   but  if  these 


*  An  instance  of  recovery  with  some  permanent  damage  to  the  left  hemisphere  is  recorded 
by  Voormann  (Deut.  med.  Wochenschrift,  1882,  No.  36)  in  a  child  five  months  old,  in  whom 
the  symptoms  were  tremor  of  tongue  and  right  limbs,  rigidity  of  neck,  opisthotonos,  with  dis- 
tention of  the  left  temporal  vein,  and  oedema  of  the  scalp. 
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symptoms  continue  after  the  diarrhoea  has  ceased  and  the  collapse  is  slighter, 
thrombosis  is  probable ;  the  occurrence  of  local  brain  symptoms  increases 
very  much  the  degree  of  probability,  and  the  addition  of  the  external  symp- 
toms renders  the  diagnosis  certain.  In  phlebitic  thrombosis  the  diagnostic 
difficulties  are  much  greater.  The  cerebral  symptoms  are  due  to  and  suggest 
meningitis  rather  than  thrombosis,  and  the  indications  of  the  latter  are 
chiefly  those  of  septicasmia  (due  to  the  softening  of  the  clot)  and  the  external 
oedema. 

Prognosis. — This  is  extremely  grave  in  all  cases.  Phlebitic  thrombosis 
with  septicasmia  is  probably  always  fatal. .  Marantic  thrombosis  is  occasion- 
ally survived  in  children,  but  scarcely  ever  in  adults,  in  whom  it  usually 
supervenes  on  a  disease  that  is  itself  incompatible  with  the  long  continuance 
of  life.  If  a  patient  recovers,  the  general  symptoms  pass  away,  but  local 
symptoms  may  persist,  and  there  may  be  some  persistent  impairment  of  intel- 
lect. Possibly  some  cases  of  so-called  atrophy  of  the  brain,  that  supervene 
on  an  acute' illness  in  childhood,  have  this  origin. 

Treatment. — In  cases  of  primary  thrombosis  the  most  important  elements 
in  treatment  are  to  arrest  the  cause  of  the  prostration,  and  to  maintain  and 
increase  the  strength  of  the  circulation  by  stimulants  and  tonics,  such  as 
bark.  The  patient  should  lie  on  the  back  with  the  head  and  shoulders  mod- 
erately raised  so  as  to  facilitate  the  movement  of  the  blood  in  the  posterior 
part  of  the  sinus ;  a  perfectly  horizontal  position  lessens  the  influence  of 
gravitation  on  the  return  of  the  blood.  To  facilitate  the  latter,  flexion 
of  the  neck  should  be  carefully  avoided.  No  depleting  measures  are  permis- 
sible. 

In  secondary  thrombosis  treatment  usually  fails  to  exert  any  influence  on 
the  disease.  Free  exit  for  all  discharges  from  the  wound  must  be  secured. 
For  the  septicemic  form,  quinine  and  salicylate  of  soda  have  been  recom- 
mended. I  think  that  full  doses  of  tincture  of  the  perchloride  of  iron  more 
frequently  produce  a  distinct  effect  upon  this  condition  than  any  other  drug, 
but  it  may  be  doubted  whether  recovery  ever  occurs  in  a  case  of  this  charac- 
ter in  which  thrombosis  has  occurred. 


INFANTILE  HEMIPLEGIA. 

(ACUTE  CEREBRAL  INFANTILE  PALSY.) 

Hemiplegia  of  sudden  onset  is  not  uncommon  in  children,  especially  in 
young  children.  There  is  considerable  difference  of  opinion  as  to  the  exact 
pathological  condition  on  which  it  usually  depends,  and  it  is  probable  that 
the  cause  is  not  always  the  same.  Hence  it  is  convenient  to  give  a  brief 
account  of  the  condition  as  a  clinical  variety  of  disease.  It  is  probably  not 
a  distinct  pathological  variety.  Many  of  the  cases  are  examples  of  one  or 
other  of  the  forms  of  disease  already  described.  In  almost  all  cases  there  is 
paralysis — hemiplegia.  Sometimes,  perhaps,  a  lesion  occurs  and  causes  no 
local  symptom,  but  such  cases  can  scarcely  be  recognized.    Very  rarely  there 


840  BRAIN. 

is  general  loss  of  power,  but  it  is  probable  that  in  such  cases  both  hemispheres 
are  diseased  ;  there  is  double  hemiplegia. 

It  is  to  be  understood  that  only  the  cases  in  which  the  onset  is  acute  or 
sudden  are  now  considered.  Hemiplegia  of  chronic  onset  is  generally  due 
to  a  cerebral  tumor.  Another  class  of  cases  which  must  be  excluded  are 
those  in  which  the  paralysis  dates  from  birth,  and. is  due  to  injury  received 
during  the  process  of  birth.  These  cases  have  been  considered  in  the 
section  on  meningeal  hemorrhage. 

Acute  cerebral  palsy  with  a  distinct  onset  during  infancy  or  childhood  is 
apparently  rather  more  common  in  females  than  in  males.  Of  eighty  cases 
of  which  I  have  notes,  thirty-five  were  in  boys  and  forty-five  in  girls.  In 
three-fifths  of  the  cases  the  onset  was  during  the  first  two  years  of  life,  three- 
quarters  during  the  first  three  years,  and  seven-eighths  during  the  first  five 
years.  It  seems  to  be  equally  common  in  the  first  and  in  the  second  year 
of  life,  twenty-three  cases  having  occurred  in  each.  In  my  own  cases  males 
preponderate  during  the  first  year,  and  females  after  the  first  year,  but  it  is 
doubtful  whether  the  cases  are  sufficiently  numerous  to  prove  this  relation. 

In  the  majority  of  the  cases  the  disease  is  not  distinctly  secondary  to  any 
morbid  influence ;  it  was  apparently  primary  in  fifty  of  the  eighty  cases.  In 
some  of  these  the  onset  was  during  hot  weather,  and  in  a  few  there  had  been 
distinct  exposure  to  the  sun,  but  the  relation  to  season  was  not  investigated 
in  a  sufficiently  large  number  to  justify  any  conclusion.  We  must  remem- 
ber that,  by  mere  coincidence,  nearly  a  third  of  the  cases  may  be  expected 
to  occur  during  the  time  of  the  year  when  hot  weather  is  occasionally  met 
with.  The  onset  occurred  within  a  few  days  of  a  severe  fall  in  six  cases,  two 
at  the  age  of  six  months,  two  at  a  year,  two  at  about  two  years. 

Of  the  other  cases  under  one  year  one  was  secondary  to  pneumonia  (at 
one  month)  and  one  to  severe  diarrhcea  (at  four  months).  In  all  the  other 
cases  under  one  year  the  onset  was  apparently  primary. 

Of  diseases  to  which  the  condition  was  distinctly  secondary,  two  acute 
specific  diseases  take  the  first  place  with  seven  cases  each — scarlet  fever  and 
measles.  This  relation  has  been  noted  by  other  observers.*  In  almost  all,, 
the  onset  was  during  the  decline  of  the  acute  specific  disease  or  within  a 
'  fortnight  of  its  termination.  In  three  of  the  cases  after  scarlet  fever,  dropsy 
was  present  at  the  time  of  the  onset ;  in  the  remaining  four  there  was  no 
dropsy.  The  cases  after  scarlet  fever  were  all  between  two  and  five  years  of 
age ;  those  after  measles  between  one  and  four.  In  two  cases  the  onset  was 
during  severe  and  prolonged  whooping  cough  (at  two  and  three  and  a  half)  ; 
in  two  it  was  during  prolonged  and  severe  bronchitis,  and  in  two  cases,  both 
at  the  age  of  seven,  the  patient  was  suffering  from  what  was  said  to  be  gastric 
fever.  Only  one  case,  at  seven,  occurred  during  rheumatic  fever.  In  one 
case,  not  included  in  this  series  because  the  patient  was  eleven  years  old, 
the  disease  supervened  on  mumps. 

The  onset  was  attended  by  severe  convulsions  in  more  than  half  the  cases ; 

*  Strttmpell,  Bernhardt,  etc. 
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in  some,  the  convulsions  recurred  at  short  intervals  during  several  hours, 
and  at  the  end  of  that  time  the  child  was  found  paralyzed.  In  other  cases 
several  distinct  attacks  of  convulsion  were  separated  by  hours  or  days,  and 
the  hemiplegia  was  only  found  after  two  or  three  had  occurred,  or  when  the 
series  was  over.  The  initial  convulsions  are  generally  one-sided,  affecting 
the  limbs  afterward  paralyzed,  and  the  later  fits  have  almost  always  this  dis- 
tribution ;  sometimes  the  initial  fits  are  general.  In  some  cases  the  hemi- 
plegia comes  on  without  any  convulsion.  In  most  instances,  whether  there 
are  convulsions  or  not,  the  onset  is  attended  by  severe  cerebral  symptoms, 
and  the  child  often  lies  unconscious  for  several  days.  Sometimes  there  is 
fever  and  vomiting.  In  older  children  there  may  be  some  pain  in  the  head, 
but  this  symptom  is,  on  the  whole,  not  prominent.  In  the  cases  that  are  sec- 
ondary to  some  acute  disease,  attended  with  general  prostration,  or  in  which 
such  prostration  follows  general  convulsions,  the  hemiplegia  may  not  be  dis- 
covered for  some  days  or  weeks  after  the  onset.  If  the  paralysis  is  on  the 
right  side,  it  may  be  accompanied  by  distinct  aphasia  in  those  children  who 
have  already  acquired  the  power  of  speech.  The  aphasia  passes  away  com- 
pletely in  the  course  of  a  few  weeks  ;  rarely  it  lasts  for  a  month  or  two. 

The  further  course  of  the  symptoms,  and  the  persistent  condition,  vary 
in  different  cases.  In  most  of  them  a  considerable  degree  of  hemiplegia 
remains,  but  it  is  probable  that  in  some  instances  a  cerebral  lesion  of  the 
same  character  is  so  placed  as  to  cause  no  persistent  symptoms,  and  there 
may  then  be  no  indication  of  its  existence.  I  remember,  many  years  ago, 
finding  a  large  cavity,  the  size  of  a  hen's  egg,  in  the  posterior  part  of  the 
left  parietal  lobe,  in  a  man  in  whom  no  cerebrall  esion  was  even  suspected. 
With  the  exception  of  the  half-vision  centre  in  the  posterior  extremity  of 
the  hemisphere,  it  is  probable  that  a  lesion  in  early  life  causes  lasting  symp- 
toms only  when  it  involves  the  motor  path  or  motor  cortex. 

The  residual  hemiplegia  affects  the  right  or  left  side  with  about  equal  fre- 
quency. Of  the  eighty  cases  there  was  left  hemiplegia  in  thirty-seven,  right 
hemiplegia  in  thirty-three  ;  i.  e.  these  acute  infantile  lesions  are  about  as  com- 
mon on  one  side  as  on  the  other.*  In  some  cases  the  amount  of  the  per- 
sistent palsy  is  slight.  If  at  first  incomplete,  it  soon  passes  away  from  some 
part  of  the  side,  the  arm  or  the  leg.  More  often  it  is  at  first  complete,  and 
continues' so  for  a  few  months,  and  then  power  slowly  returns  in  some  parts, 
especially  the  face  and  arm,  in  consequence  of  the  compensation  by  the  other 
hemisphere.  Very  rarely  the  paralysis  has  been  bilateral  from  the  first,  and 
both  sides  have  remained  paralyzed.  This  is  doubtless  the  result  of  a  bilateral 
lesion,  as  one  recorded  case  proves  ;\  compensation  is  then  impossible,  and 
the  palsy  remains  absolute  in  the  legs  as  well  as  in  the  arms. 

The  ultimate  condition  of  these  cases  necessarily  depends  on  the  severity 
of  the  symptoms.     In  a  large  number  the  arm  remains  considerably  para- 


*  Bernhardt  found  right  hemiplegia  in  two-thirds  of  his  cases,  but  the  small  number 
(eighteen)  from  which  his  conclusions  were  drawn  is  evidently  insufficient.  ( Virchow's 
Arch.,  Bd.  102,  p.  26.)  t  Heubner  (see  p.  844). 

S3 
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lyzed.  Some  power  is  recovered  in  the  shoulder  and  elbow,  and  a  little  in 
the  hand,  and  as  movement  returns,  contracture  comes  on.  In  the  vast 
majority,  the  limb  becomes  the  seat  of  mobile  spasm  (athetosis,  post-hemi- 
plegic  chorea),  of  which  these  cases  present  the  most  typical  examples.* 
There  is  varying  flexor  and  extensor  spasm  at  the  several  joints,  the  varia- 
tions being  greatest  in  the  hand,  in  which  there  are  often  spontaneous  move- 
ments, quick  or  slow,  while  voluntary  movement  is  disordered  and  ataxic. 
The  condition  is  that  described  at  p.  520.  The  subluxation  of  the  middle 
joint  of  the  fingers,  in  consequence  of  the  spasm  in  the  interosseal  muscles, 
is  generally  conspicuous.  The  active  changing  spasm  is  proportioned  to 
the  amount  of  voluntary  power  ;  when  this  is  slight  there  is  much  fixed 
spasm,  by  which  the  wrist-joint  is  often  strongly  flexed.  The  spasm  in  the 
upper  part  of  the  arm  may  be  considerable,  and  may  keep  the  limb  rigid, 
generally  in  extension.  A  strong  effort  with  the  affected  hand  causes  a  cor- 
responding movement  in  the  other  hand,  and  vice  versd.  In  some  cases 
recovery  is  so  great  that  only  a  slight  amount  of  incoordination  remains, 
and  occasionally  even  this  is  absent.  The  paralyzed  arm  is  shorter  than  the 
other  in  most  of  the  severe  cases,  and  all  the  bones,  even  the  scapula,  pre- 
sent a  diminution  in  size.  The  muscles  may  also  be  small,  but  are  occasion- 
ally hypertrophied  from  the  effect  of  their  continuous  over-action.  The  leg 
always  regains  considerable  power,  and  the  patient  can  walk  without  diffi- 
culty, although  the  growth  of  the  limb  may  be  so  hindered  as  to  cause  a 
limp.  The  knee  jerk  is  excessive,  and  a  clonus  can  sometimes  be  obtained. 
Spasm  is  generally  slight,  but  often  causes  some  talipes  equinus,  or  equino- 
varus,  always  to  be  overcome  by  gentle  pressure ;  the  toes  are  sometimes 
over-extended  in  the  act  of  walking.  In  the  face,  the  residual  weakness  is 
trifling,  but  often  there  is  distinct  over-action  of  the  muscles  on  the  affected 
side.  This  is  seen  best  in  the  act  of  smiling,  in  which  a  slight  movement 
occurs  earlier,  and  is  at  first  more  marked  than  on  the  other  side,  although 
a  strong  movement  may  be  distinctly  slighter. 

As  a  rule,  sensation  is  perfectly  normal  on  the  paralyzed  side.  It  is  prob- 
ably impaired  in  some  cases  during  the  early  stage,  but  recovery  is  constant, 
so  constant  that  it  can  only  be  by  the  compensation  effected  by  the  other 
hemisphere.  In  the  only  case  I  have  seen  in  which  there  was  any  Joss  of 
sensation  some  years  after  the  onset,  the  loss  was  clearly  functional,' hysterical 
hemianaesthesia ;  a  week  later  it  had  disappeared,  and  existed  on  the 
opposite  side.  It  would,  perhaps,  be  unjustifiable  to  say  that  there  is  never 
any  persistent  sensory  loss,  but  the  extreme  rarity  of  such  loss  is  evident  from 
the  fact  that  none  could  be  found  in  any  of  the  eighty  cases  that  have  come 
under  my  own  observation.  Mental  defect  is  very  common,  and  presents 
every  conceivable  degree,  from  a  mere  tendency  to  such  functional  derange- 
ment as  hysteria,  to  pronounced  iodicy.  One  of  the  most  severe  cases  of 
hysteria  that  I  have  seen  was  in  a  girl,  the  subject  of  old  infantile  hemi- 
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*  On  account  of  the  frequency  of  this  symptom  the  cases  have  been  termed  "  cerebral 
spastic  paralysis,"  but  the  designation  is  too  wide  in  its  meaning  to  be  very  appropriate. 
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plegia.  Another  frequent  symptom  is  convulsion,  recurring,  and  resem- 
bling idiopathic  epilepsy  in  its  course,  although  not  in  its  origin.  Such 
recurring  fits  are  met  with  in  at  least  two-thirds  of  the  cases.  Sometimes 
they  continue  from  the  onset ;  sometimes  an  interval  of  years  may  elapse 
before  the  fits  begin,  and  occasionally  the  hemiplegia  occurs  in  infancy,  and 
the  convulsive  attacks  are  only  added  when  the  age  of  puberty  is  reached. 
These  cases  will  be  again  considered  in  the  chapter  on  Epilepsy.  The  con- 
vulsions are  almost  always  one-sided,  affecting  only  the  paralyzed  limbs, 
and  they  often  begin  locally,  in  some  part  of  this  side,  especially  in  the 
hand.  It  is,  however,  a  significant  fact,  indicating  how  profound  is  the 
influence  of  the  repeated  discharges  on  the  brain,  that  the  fits  may  ultimately 
be  preceded  by  an  aura  identical  with  the  most  common  aura  of  idiopathic 
epilepsy,  and  that  minor  attacks  may  become  developed  which  consist  only 
of  loss  of  consciousness. 

Pathology. — Very  few  observations  have  been  made  on  the  condition  of 
the  brain  in  these  cases,  and  those  are  chiefly  on  cases  long  after  the  onset. 
The  conditions  found  have  varied,  and  are  susceptible  of  different  explana- 
tions. In  some,  a  cavity  has  been  found  in  the  central  region  of  the  hemi- 
sphere, involving  the  central  ganglia,  and  sometimes  extending  as  far  as  the 
cortex  of  the  motor  region.*  If  there  is  an  opening  on  the  surface  of  the 
brain,  the  condition  has  been  rather  unnecessarily  distinguished  by  a  special 
name,  "  porencephalia."  f  The  actual  cavity  may  be  very  large,  or  may 
be  small,  and  may  appear  as  if  cicatricial  contraction  had  drawn  the  walls 
together.  On  the  other  hand,  there  is  sometimes  no  cavity  or  evidence  of 
extensive  destruction  of  tissue,  but  some  convolutions  are  small  and  indu- 
rated. In  most  cases  the  whole  of  the  hemisphere  in  which  the  lesion  is 
found  is  smaller  than  the  other;  the  diminution  in  size  may  involve  all  parts 
of  the  cortex,  and  the  tissue  is  firmer  than  normal,  and  contains  more  con- 
nective tissue.  J  The  condition  has  been  termed  "  diffuse  lobar  sclerosis,"  § 
or  "chronic  encephalitis."  ||  Occasionally,  such  a  diminution  in  size  of  the 
whole  hemisphere  is  the  only  visible  disease ;  the  atrophy  is,  however,  gen- 
erally more  marked  in  one  part  than  in  another.  In  the  former  case  it  is 
possible  that  there  has  been  a  primary  lesion  in  one  part  of  the  cortex,  and 
the  wasting  elsewhere  has  been  secondary,  although  the  two  can  scarcely  be 
distinguished  after  the  lapse  of  years.  We  are  only  considering  now  the 
cases' in  which  there  was  a  sudden  onset,  and  it  is  scarcely  conceivable 


*  A  good  example  is  presented  by  a  case  under  the  care  of  Dr.  Sturges,  Lancet,  1871, 
vol.  i,  p.  369. 

+  It  is  curious  that  in  some  cases  of  such  cavity  there  has  been  a  defect  in  the  bone  cor- 
responding to  the  hole  in  the  brain.  The  origin  of  such  defect  in  skull  and  brain  is  not 
known,  but  it  is  improbable  that  the  condition  belongs  to  the  class  now  under  consideration. 

t  Many  examples  of  this  are  on  record.  A  good  instance  has  been  described  by  Kasf, 
Arch.f.  Psych.,  Bd.  xviii,  Heft  2. 

\  Marie  and  Jendrassik,  Arch,  de  Physiologie,  1885,  No.  I. 

II  Bourneville,  "  Recherches  sur  l'Epilepsie." 
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that  any  disease,  affecting  primarily  all  parts  of  a  hemisphere,  can  have  come 
on  suddenly,  or  that  actually  sudden  palsy  should  be  the  manifestation  of  a 
chronic  process.  It  seems  more  probable  that,  in  such  cases,  the  .diffuse 
change  is  really  a  secondary  atrophy,  although  no  theory  that  can  be  framed 
is  altogether  satisfactory. 

Two  kinds  of  lesion  have  been  assumed,  in  current  theory,  as  the  cause 
of  these  acute  symptoms.  According  to  the  one  the  primary  lesion  is  in 
most  cases  vascular  occlusion  ;  according  to  the  other,  which  has  been  put 
forward  by  Striimpell,*  it  is  inflammation  of  the  gray  matter  of  the  cortex, 
"polio-encephalitis,"  analogous  to  the  inflammation  of  the  gray  substance 
of  the  spinal  cord,  "  polio-myelitis."  Attractive  as  the  latter  theory  is  at 
first  sight,  it  rests  upon  no  evidence,  and  the  scanty  pathological  facts  we 
possess  are  opposed  to  its  validity,  as  are  also  the  facts  of  etiology.  A  pri- 
mary inflammation  of  any  part  of  the  cortex  of  the  brain  is  a  purely  theoreti- 
cal disease ;  if  it  occurs  not  rarely  in  childhood  (as  must  be  assumed  on  this 
theory),  pathological  evidence  of  it  would  certainly  have  been  forthcoming, 
more'abundant  than  that  of  the  analogous  spinal  malady,  as  every  kind  of 
organic  brain  disease  is  more  often  fatal  than  is  disease  of  the  cord.  It  must 
be  remembered  that  the  general  liability  of  the  brain  to  primary  inflamma- 
tion is  very  much  less  than  is  that  of  the  spinal  cord,  and  we  are  therefore 
not  justified  in  relying  on  analogy  as  a  basis  for  theory.  The  circumstances 
of  the  onset  present  a  marked  contrast  to  those  of  the  spinal  malady,  since 
the  latter  is  scarcely'ever  secondary  to  a  general  disease,  while  the  cerebral 
lesion,  whatever  its  nature,  frequently  is. 

The  alternative  theory,  vascular  obstruction,  has  much  to  support  it.  It 
is  the  common  cause  of  such  central  cavities  as  have  been  found  in  some 
cases.  It  is  a  known  consequence  Of  such  general  diseases  as  frequently  pre- 
cede the  cerebral  lesion.  It  has  been  actually  found  in  at  least  one  case  of 
the  kind.f  A  cavity  in  the  central  ganglia  can  hardly  be  due  to  any  other 
cause  than  arterial  obstruction.  But  whether  this  is  the  result  of  embolism 
or  thrombosis  is  an  open  question.  The  former  has  generally  been  assumed.! 
But  in  the  vast  majority  of  cases  of  proved  embolism,  there  has  been  an 
obvious  source  for  the  occluding  plug,  in  most  cases  endocarditis.  In  some 
of  the  conditions  in  which  infantile  hemiplegia  comes  on,  endocarditis  is 
most  improbable  §  whereas  we  know  that,  at  least,  in  the  sinuses  of  the 
brain,  primary  thrombosis  occurs  in  children,  and  sometimes  occurs  under 
the  circumstances  in  which  infantile  hemiplegia  comes  on.§     Hence,  while 

*  Deut.  med.  Wochenschr.,  1884,  No.  44. 

f  That  recorded  by  Heubner,  Med.  Wien.  Blat.,  1883,  No.  13.  Bilateral  palsy  and 
rigidity  with  trismus  developed  during  prostration  after  bronchitis  in  a  child  one  year  and 
four  months  old.  Cavities  were  found  in  both  hemispheres  and  the  pons,  with  clots  in  the 
middle  cerebral  arteries,  but  these  clots  were  "  canalized,"  and  the  arteries  beyond  were 
pervious. 

t  See  Abercrombie,  Brit.  Med.  Journal,  1887,  vol.  i,  p.  1323. 

\  Heubner  assumes  that  in  his  case  embolism  had  occurred.  There  was  thickening  of  the 
lining  membrane  of  the  left  ventricle,  and  he  supposed  that  there  had  been  a  ventricular,  not 
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some  cases  may  be  due  to  embolism,  it  seems  on  the  whole  more  probable 
that  when  the  primary  lesion  is  obstruction  of  an  artery,  this  is  the  result  of 
thrombosis  in  situ.  In  the  cases  in  which  there  is  no  evidence  of  softening 
en  masse,  in  which  there  is  no  cavity,  but  only  shrinking  and  induration  of 
part  of  the  cortex,  I  have  suggested  that  the  lesion  is  probably  thrombosis 
in  a  surface  vein,  and  that  the  reason  why  this  lesion  is  so  seldom  found 
post-mortem  is  because  in  fatal  cases  the  clot  usually  spreads  into  a  sinus 
before  death,  and  the  case  is  then  regarded  as  one  of  sinus  thrombosis.  We 
know  that  the  closure  of  a  vein  does  not  commonly  cause  softening  of  the 
whole  of  the  cerebral  tissue  from  which  the  blood  should  pass  to  the  vein, 
but  merely  intense  congestion,  minute  extravasations,  and  punctiform  soft- 
ening, a  condition  that  may  well  leave  the  state  of  atrophy  and  induration 
met  with  in  some  cases.  It  is  certain  that  thrombosis  may  be  limited  to 
veins.  An  important  case  has  been  published  by  Money,  in  which  such 
thrombosis  was  found  after  scarlet  fever,  and  the  extravasations  into  the 
related  brain  substance  showed  that  the  coagulation  had  occurred  during 
life.*  We  must  remember  that  thrombosis  in  a  sinus  does  not  always  involve 
its  whole  cavity :  the  clot  may  be  limited  to  the  wall  or  to  one  side,  and  the 
vessel  may  remain  pervious.  In  this  connection  it  is  instructive  to  note 
that  in  one  of  my  cases  the  history  strongly  suggested  thrombosis  in  the 
superior  longitudinal  sinus.  A  child  of  four  months  old  was  prostrated  by 
severe  diarrhoea,  and  the  fontanelle  depressed  ;  convulsions  set  in,  and  the 
fontanelle  became  extremely  prominent ;  the  child  lay  motionless  for  four 
days,  and  then,  when  improvement  commenced,  hemiplegia  was  found. 

We  cannot  yet  give  any  trustworthy  explanation  of  the  mechanism  of  the 
spasm  in  the  limbs  which  so  constantly  accompanies  the  hemiplegia.  It 
seems  to  follow  lesions  of  various  kinds,  degrees,  and  seat,  in  the  cortex  as 
well  as  the  central  ganglia.  The  far  greater  frequency  of  the  symptom  after 
a  lesion  in  early  life  makes  it  probable  that  it  is  in  some  way  due  to  the  dis- 
ordered action  of  centres  that  remain,  and  not  to  the  direct  effect  of  the 
disease  itself. 

The  diagnosis  of  these  cases  has  to  be  made  chiefly  from  those  in  which 
birth  palsy  is  one-sided,  and  this  depends  on  the  history  of  a  distinct  onset 
after  birth,  which  is  scarcely  ever  wanting.  In  cases  in  which  similar  symp- 
toms are  due  to  a  stationary  lesion  of  chronic  character,  such  as  a  tumor,  the 
early  history  is  distinctive. 

The  treatment  of  the  cases  in  the  early  stage  must  depend  on  the  prob- 


valvular,  endocarditis,  from  which  the  plug  had  come.  This  theory,  to  those  familiar  with 
diseases  of  children,  will  seem  far  less  probable  than  that  of  thrombosis  in  situ,  especially 
when  the  multiplicity  of  the  cerebral  lesion  is  compared  with  the  fact  that  elsewhere  in  the 
body  only  one  uncertain  trace  of  embolism  was  found.  Moreover,  the  canalization  of  a  clot 
formed  in  situ  is  far  more  probable  than  in  that  of  an  embolic  obstruction. 

*  Money,  "  Treatment  of  Disease  in  Children,"  p.  445.  There  .had  been  symptoms  similar 
to  these  in  the  cases  now  under  consideration,  but  the  clot  did  not  seem  of  sufficiently  old 
date  to  make  the  case  a  proof  of  the  relation  of  the  symptoms  to  the  thrombosis. 
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able  nature  of  the  lesion.  Whatever  be  its  exact  character,  the  treatment  for 
thrombosis  in  veins  and  sinuses,  described  at  p.  839,  will  be  most  suitable. 
The  after  treatment  of  the  mobile  spasm  has  been  considered  in  the  chapter 
on  softening  of  the  brain. 


INFLAMMATION  OF   THE  BRAIN. 

(ENCEPHALITIS,  CEREBR1TIS.) 
ACUTE  INFLAMMATION. 

The  cerebral  tissue,  like  most  other  tissues,  may  be  the  seat  of  inflamma- 
tion, but  in  no  organ  has  the  part  played  by  inflammation  in  producing 
morbid  changes  and  symptoms  been  more  variously  estimated  at  different 
times.  This  is  due  to  two  causes:  (1)  Inflammation  causes  softening; 
hence  it  was  once  thought  that  all  softenings  are  inflammatory.  It  is  now 
known  that  most  are  not,  but  are,  as  we  have  seen,  simply  necrotic,  and  due 
to  the  arrest  of  the  supply  of  blood.  (2)  Inflammation  of  the  surface  of 
the  brain  accompanies  that  of  the  membranes,  and  it  is  through  the  former 
that  many  symptoms  of  meningitis  are  produced.  Hence,  although  the 
inflammation  of  the  membranes  is  the  primary  condition,  and  the  fact  is  now 
recognized  in  terminology,  these  cases  were  formerly  called  "inflammation 
of  the  brain,"  and  are  often  still  thus  designated  in  popular  language.  These 
two  classes  must  therefore  be  put  on  one  side.  The  residual  cases,  in  which 
acute  inflammation  is  known  to  exist,  are  not  numerous,  and  are  almost 
entirely  secondary  in  origin  and  local  in  position. 

Etiology. — Acute  inflammation  of  the  brain  usually  results  from  one  of 
three  causes,  a  traumatic  injury,  contiguous  inflammation,  or  some  septic 
influence.  Iniury  commonly  sets  up  inflammation  in  the  meninges  as  well  as 
in  the  brain,  but  now  and  then  the  former  escape,  and  the  latter  is  affected 
beneath  the  surface,  apparently  because  the  white  substance  is  more  easily 
injured  than  the  gray.  All  forms  of  injury  may  be  effective,  blows  and  falls  on 
the  head,  fractures  of  the  skull,  and  punctured  wounds.  Intensely  acute  cere- 
britis  sometimes  follow  an  operation  on  the  brain.  It  may  occur  from  mere 
concussion,  but  is  doubtless  set  up  by  the  mechanism  of  interstitial  laceration. 
Usually  the  cerebritis  is  immediately  beneath  the  seat  of  the  injury  ;  much  less 
commonly  it  occurs  at  the  opposite  side  of  the  brain,  from  contre-coup.  The 
latter  especially  damages  the  centre  of  the  convolution,  so  that  there  results 
ultimately  an  irregular  shallow  depression  in  its  surface.  This  appearance 
is  often  seen  near  the  apex  of  the  temporal  lobe  in  consequence  of  a  blow 
on  the  vertex.  The  inflammation  may  subside,  leaving  only  the  changes 
above  described,  or  it  may  go  on  to  suppuration,  and  the  resulting  abscess 
usually  runs  an  independent  course.  A  punctured  wound  almost  invariably 
causes  an  abscess.  Another  frequent  cause  of  cerebritis  is  bone  disease, 
usually  actual  caries,  but  sometimes  osteitis  which  has  not  gone  on  to  caries. 
The  affection  of  the  bone  may  be  traumatic,  syphilitic,  or  the  result  of  con- 
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tiguous  inflammation.  The  latter  is  almost  confined  to  the  bones  adjacent 
to  or  enclosing  the  organs  of  the  special  senses,  the  nose,  orbit,  and  especially 
the  ear.  The  inflammation  of  the  brain  thus  excited  usually  accompanies 
meningitis,  but  sometimes  occurs  alone.  It  usually  goes  on  to  suppuration. 
New  growths  in  the  brain  usually  cause  softening  in  the  adjacent  cerebral 
tissue,  partly  necrotic,  the  result  of  pressure,  partly  inflammatory,  but  the 
inflammation  is  slight  in  degree,  is  attended  with  oedema,  and  scarcely  ever 
presents  any  tendency  to  suppuration.  In  acute  diseases,  especially  erysipelas, 
diphtheria,  and  typhoid  fever,  minute  foci  of  encephalitis,  characterized 
especially  by  leucocytal  aggregations,  and  sometimes  by  micrococcal  infil- 
tration, are  often  found  on  microscopical  examination.  Lesions  of  con- 
siderable size,  in  acute  specific  diseases,  are  generally  due  to  embolism  or 
thrombosis-  In  simple  vascular  obstruction  the  softening  which  results  is 
chiefly  necrotic  ;  on  its  margin  inflammation  occurs,  and  is  often  consider- 
able when  the  obstructing  plug  comes  from  a  septic  source,  as  in  acute 
endocarditis.  Even  then  suppuration  is  extremely  rare.  In  pyaemia,  how- 
ever, the  inflammation  thus  excited  always  goes  on  to  the  formation  of  pus. 

Idiopathic  cerebritis  is  practically  unknown.  It  has  been  supposed  to  be 
the  cause  of  sudden  cerebral  palsy  in  children,  but  until  more  evidence  has 
been  adduced  in  support  of  the  hypothesis  this  lesion  must  be  regarded  as 
improbable  (see  p.  844).  Acute  functional  disturbance  of  the  brain  may, 
however,  be  attended  by  minute  changes,  revealed  by  the  microscope,  and 
distinctly  inflammatory  in  their  character.  For  instance,  in  hydrophobia 
the  medulla  oblongata,  the  functions  of  which  are  so  conspicuously  de- 
ranged, presents  such  microscopical  alterations — aggregations  of  leucocytes 
outside  the  vessels  and  even  in  the  substance  of  the  nerve  tissue.  These 
changes  are  not  primary,  but  are  secondary  to  the  intense  functional  dis- 
turbance, although  they  have  some  of  the  anatomical  characters  of  inflam- 
mation. 

Pathology. — The  alteration  in  the  tissue  of  the  brain  which  results  from 
acute  inflammation  has  been  long  and  accurately  known  under  the  name  of 
"  red  softening,"  since  it  is  usually  from  the  first  much  redder  than  the 
softening  which  results  from  necrosis  or  mere  imbibition  of  effused  fluid, 
and  is  "  yellow  "  or  "white."  The  red  tint  of  the  affected  area  depends 
partly  on  fhe  distention  of  small  vessels,  but  chiefly  on  minute  points  of 
extravasation,  and,  according  to  the  number  of  the  latter,  the  color  varies 
from  pale  to  deep  red.  The  consistence  is  lessened,  from  the  separation  of 
the  tissue  elements  by  effused  liquid  and  from  their  disintegration.  For  the 
same  reason,  the  affected  area  is  swollen,  and,  on  section,  stands  up  above 
the  level  of  the  adjacent  brain  substance.  It  is  never  sharply  limited,  and  the 
consistence  of  the  adjacent  tissue  is  usually  lessened.  The  microscope  shows 
distention  of  the  vessels,  especially  the  capillaries,  foci  of  hemorrhage,  and 
accumulations  of  lymphoid  (leucocytal)  elements  in  the  tissue  and  around 
vessels.  These  are  always  to  be  found,  but  vary  in  number ;  and,  when 
numerous,  the  softened  tissue  may  have  the  aspect  of  actual  pus.  The  proper 
elements  of  the  tissue — nerve  fibres,  ganglion  cells,  and  neuroglia  cells — are 
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in  various  stages  of  degeneration,  and  from  all  these  granule  cells  develop. 
The  cell  elements  undergo  first  the  stage  of  cloudy  swelling,  the  nerve  fibres 
become  granular,  the  axis  cylinder  presents  fusiform,  highly  granular  enlarge- 
ments, which,  becoming  detached,  also  form  granule  cells.  At  the  margin 
of  the  inflamed  area  the  ganglion  cells  also  pass  into  the  stage  of  cloudy 
swelling,  but,  instead  of  breaking  up,  may  atrophy  or  become  pigmented,  or 
undergo  a  sort  of  vitreous  degeneration.  These  changes  in  the  nerve 
elements  are  the  same  as  are  met  with  in  simple  necrotic  softening,  and  hence 
their  occurrence  does  not  show  that  they  take  any  primary  part  in  the  process 
of  inflammation. 

It  is  only  in  the  rare  cases  in  which  the  inflammation  is  very  slight  in 
degree,  and  there  is  no  actual  destruction  of  nerve  elements,  that  recovery  of 
the  affected  part  is  possible.  Small  foci  of  considerable  inflammation  may 
ultimately  cease  to  be  visible  to  the  unassisted  eye,  a  different  thing  from 
actual  recovery.  In  most  cases  visible  damage  persists.  The  complete  dis- 
integration of  the  tissue  elements,  and  absorption  of  the  remains  of 
vessels,  leaves  a  fatty  emulsion  in  the  resulting  cavity,  and  to  it  the  remains 
of  blood  pigment  (often  haematoidin  crystals)  give  a  yellow  or  reddish  tint, 
always  deeper  in  the  gray  than  in  the  white  substance.  Such  a  cavity  may 
at  last  be  undistinguishable  from  one  left  by  a  simple  necrotic  process.  Ulti- 
mately the  fatty  granules  may  be  slowly  removed,  and  a  little  clear  fluid  may 
alone  remain.  Occasionally  a  reticulated  stroma  persists  (or  is  formed)  in 
the  softened  area ;  the  loculated  cavities  thus  constituted  may  contract,  so 
that  ultimately  a  sort  of  fibrous  cicatrix  remains,  with  a  little  adjacent  atrophy, 
the  result  of  the  initial  oedema  around  the  focus  of  inflammation.  Now  and 
then  this  cicatrix  contains  a  central  nucleus  of  fatty  debris  and  hsematoidin 
crystals.  If,  however,  the  inflammation  is  intense,  the  lymphoid  (pus)  cells 
are  so  numerous  that  the  softening  becomes  actually  purulent.  A  cavity  thus 
results  containing  pus.  This  result  of  inflammation  is  further  described  in 
the  chapter  on  "  cerebral  abscess. "  A  distinctly  purulent  appearance  has 
been  acquired  in  so  short  a  time  as  six  or  seven  days.  If  a  very  acute  and 
malignant  form  of  inflammation  affects  an  extensive  area,  rapid  and  infil- 
trating suppuration  occurs,  with  acute  sloughing  of  the  cerebral  tissue. 

The  traces  of  inflammation  in  typhus  and  typhoid  fevers  are  seldom  to  be 
recognized  by  the  unassisted  eye.  They  consist  of  aggregations  of  lymphoid 
cells  around  the  vessels  or  in  the  tissue,  and  may  sometimes  constitute  a  mass 
of  relatively  large  dimensions,  comparable  in  size  to  a  tubercular  granula- 
tion (Fig.  292).  They  are  not  always  met  with,  and  are  more  pronounced 
in  typhus  than  in  typhoid.  They  have  been  especially  studied  by  Popoff, 
who  states  that  the  lymphoid  corpuscles  sometimes  enter  the  protoplasm 
of  the  nerve  cells,  and  may  cause  multiplication  of  the  nucleus  and  other 
changes.* 

The  disseminated  inflammation  that  occurs  in  some  cases  of' erysipelas  and 
diphtheria,  and  sometimes  in  septicaemia,  is  of  especial  interest  on  account 


Popoff,  Virchow's  Archiv,  Bd.  87. 
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Fig.  292. 


Section  from  ihe  cortex  of  the  frontal  lobe  in 
exanthematic  typhus  :  a,  accumulation  of  lym- 
phoid elements;  by  a  cavity  from  which  such 
cells  have  fallen.     (PopofF,  Virch.  Arch.,  Bd. 

87.-pi.i-) 


of  the  organisms  that  are  associated  with  it.     Sometimes  minute  points  of 
softening  may  be  visible;  more  often  the  changes  are  only  discovered  with 
the  microscope.     In  certain   spots   micrococci   may   be  seen   around   the 
vessels  scattered  through  the  brain  tis- 
sues,- and   even   densely   aggregated   in 
definite  "colonies."    The  condition  has 
been  termed  "mycosis  of  the  brain."* 

Symptoms,  Etc.— Our  knowledge  of 
the  exact  symptoms  of  simple  cerebritis 
is  meagre,  on  account  of  the  rarity  with 
which  it  exists  alone.  Headache  is  cer- 
tainly frequent;  vomiting  occasional ;  but 
optic  neuritis  is  a  rare  result  of  the  acute 
process.  General  convulsions  and  de- 
lirium may  also  be  met  with.  These 
symptoms  are  irrespective  of  the  seat  of 
the  inflammation.  When  the  special 
motor  or  sensory  region  is  involved,  cor- 
responding symptoms  may  be  present,  the  most  frequent  being  weakness  in  the 
limbs  on  the  opposite  side,  and  convulsions,  local,  or  beginning  locally.  Such 
symptoms  are  not  uncommon  a  few  days  after  a  cerebral  injury,  and  are  often 
attended  by  some  elevation  of  temperature.  They  may  pass  away  completely 
or  may  persist  in  slighter  form.  They  differ  from  the  actual  injury  to  the  brain 
by  coming  on,  not  immediately,  but  two  or  three  days  after  the  injury.  The 
symptoms  of  an  abscess,  on  the  other  hand,  only  develop  after  some  weeks. 
A  young  child  fell  off  a  chair  with  a  pair  of  scissors  in  her  hand,  and  fell  on 
the  point  of  the  scissors,  one  blade  of  which  entered  the  skull  just  in  front 
of  the  middle  of  the  right  temporal  fossa.  It  passed  in  for  about  an  inch  and 
a  half.in  such  a  direction  that  the  point  must  have  been  very  near  the  internal 
capsule.  There  were  no  immediate  symptoms,  but  three  days  after  the  injury 
hemiplegia  came  on ;  probably  the  inflammation  in  the  neighborhood  of  the 
wound  reached  the  internal  capsule.  Sometimes  the  inflammation  seems  to 
set  up  a  degenerative  process  in  the  brain,  which  runs  an  independent  course, 
and  is  manifested  by  chronic  mental  failure  and  symptoms  somewhat  like 
those  of  general  paralysis  of  the  insane. 

It  is  seldom  that  definite  symptoms  can  be  ascribed  to  the  disseminated 
inflammation  that  occurs  in  acute  specific  diseases.  The  delirium  and 
somnolence  that  so  often  exist  may  be  in  part  due  to  these  changes,  but  we 
cannot  at  present  distinguish  the  effects  of  the  definite  lesions  and  of  the 
condition  of  the  blood,  in  the  disturbance  of  the  functions  of  the  nervous 
system. 

The  prognosis  of  acute  simple  inflammation  of  the  brain,  as  distinguished 
from  that  of  the  membranes,  can  seldom  be  made  with  certainty.     Even  in 


*  See  Schiile,  Virc/iow's  Archiv,  67;  Letzerich,  ib.,  Bd.  75;  and  Blaschko,  ib.,  Bd.  83. 
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traumatic  cases  it  is  only  when. symptoms  occur  a  few  days  after  a  punctured 
wound  that  inflammation  of  the  brain  substance  can  be  diagnosed  with 
confidence.  In  most  other  cases  the  symptoms  are  identical  with  those  of 
meningitis  over  the  corresponding  region  of  the  brain.  In  the  form  that 
results  from  specific  blood  states  the  condition  may  be  suspected  if  cerebral 
symptoms  become  more  pronounced  and  definite,  but  our  knowledge  of  the 
effect  of  the  lesions  is  still  too  meagre  to  permit  any  definite  diagnostic  rules 
to  be  laid  down. 

The  treatment  of  inflammation  of  the  substance  of  the  brain  is,  on  the 
whole,  similar  to  that  of  inflammation  of  the  membranes. 

CHRONIC  INFLAMMATION. 

Of  chronic  cerebritis  we  have  also  very  little  exact  knowledge.  It  is 
true  the  term  "chronic  encephalitis"  or  "  meningo-encephalitis "  is 
frequently  employed,  especially  by  French  writers,  but  for  the  most  part 
as  a  convenient  designation  for  obscure  cases,  the  exact  nature  of  which 
is  unknown.  In  this  loose  way  the  term  is  applied  to  all  conditions  in 
which  traces  of  inflammation  can  be  found,  and  the  fact  of  inflammation 
is  allowed  to  override  the  question  whether  the  process  was  primary  or 
secondary. 

One  class  of  these  cases  is  that  in  which  the  chief  alteration  is  an  increase 
in  the  connective  tissue  in  some  part  of  the  brain.  The  induration  is 
regarded  as  the  result  of  chronic  inflammation,  but  it  is  certain  that,  in 
many  cases,  the  inflammation  is  simply  secondary.  Thus,  in  the  part  of  the 
brain  compressed  by  meningeal  hemorrhage  in  cases  of  birth-palsy,  the 
induration  has  been  thought  to  justify  the  designation  of  "chronic  encepha- 
litis." When  the  increase  of  connective  tissue  is  primary,  it  is  better  to 
consider  the  case  as  one  of  "  sclerosis  of  the  brain." 

The-  inflammation  which  surrounds  new  growths  in  the  brain  is  often 
chronic  as  well  as  acute,  and  acute  cerebritis,  however  caused,  may  pass 
into  a  chronic  stage.  When  there  are  indications  of  a  primary  chronic 
cerebritis,  these  are  almost  always  general  and  not  local.  Such  indications 
are  sometimes  found  in  cases  of  diseases  usually  regarded  as  degenerative,  as 
general  paralysis  of  the  insane.  Leucocytal  aggregations  around  the  vessels 
and  in  the  cortex  are  occasionally  met  with  in  this  disease,  but  its  extremely 
chronic  course,  and  the  absence  of  the  headache  which  usually  attends 
encephalitis,  discountenance  the  view  that  it  is  primarily  inflammatory  in  its 
nature.  The  term  "chronic  cerebritis"  seem,  however,  strictly  applicable 
to  certain  rare  cases  in  which  a  patient  suffers  from  headache  and  other 
cerebral  symptoms  (including  optic  neuritis) — symptoms  that  run  a  chronic 
course  and  may  end  in  death.  After  death  the  only  changes  are  the 
microscopical  indications  of  general  slight  inflammation.  For  instance,  a 
woman,  aged  thirty-four,  had  attacks  of  epileptoid  nature,  some  vertiginous, 
others  with  transient  loss  of  sight.  Some  months  later  she  suffered  from 
severe  headache,  with  paroxysmal  exacerbations,  accompanied  by  vomiting, 
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Fig.  293. 


intense  optic  neuritis,  slight  pyrexia  and  terminal  coma,  the  duration  of  the 
severe  symptoms  having  been  about  six  months.  No  naked-eye  alterations 
were  found  in  the  brain,  but  slight  diffuse 
inflammatory  changes  were  found  through- 
out its  substance  on  microscopical  exami- 
nation.* 

A  very  rare  variety  of  cerebritis  is  a 
disseminated  form  of  chronic  sclerotic 
inflammation,  due  probably  to  syphilis. 
A  similar  affection  of  the  spinal  cord  is 
less  rare.  In  the  case  described  by  Char- 
cot and  Gombault,  of  which  the  spinal 
lesions  are  shown  in  Fig.  94,  p.  241,  similar 
foci  of  disease  existed  in  the  pons,  crura 
and  optic  nerves,  and  are  shown  in  the 
adjoining  figure  (Fig.  293).  The  affected 
spots  were  gray  in  tint  with  yellowish  cen- 
tres, due  to  spots  of  caseation,  such  as  are 
represented  in  the  smaller  figure,  which  is 
a  section  of  the  diseased  area  in  the  pons, 
marked  a.  Both  sixth  nerves  and  the 
right  third  nerve  are  partially  degenerated. 
Thus,  in  the  tendency  to  caseation,  the  mor- 
bid process  has  the  characters  seen  in  syphilitic  growths,  but  the  histological 
characters  of  the  diseased  areas  were  those  of  a  sclerotic  inflammation  rather 
than  of  a  growth.  In  these  points,  the  process  has  considerable  analogy  to 
that  of  the  foci  of  chronic  syphilitic  meningitis.  The  patient  had  had 
syphilis  nearly  twenty  years  before  the  onset  of  the  symptoms.  Extreme 
mental  dullness  existed,  and  obscured  to  a  considerable  extent  the  symptoms 
due  to  the  intracranial  lesions. f  Such  disseminated  inflammation  is  related, 
on  the  other  hand,  to  insular  sclerosis  (q.  v.). 

The  treatment  oi  chronic  inflammation,  if  its  existence  is  suspected,  must 
be  in  the  main  directed  against  its  cause.  In  all  cases  of  uncertain  origin 
iodide  of  potassium  should  be  given,  and  if  this  fails  very  small  doses 
of  mercury  may  be  tried,  but  tonics  should  be  given  at  the  same  time, 
Improvement  of  the  general  health  is  of  great  importance. 


Chronic  disseminated  sclerotic  inflammation 
of  pons,  etc.  (See  text.)  (After  Charcot 
and  Gombault.') 


ABSCESS  OF  THE  BRAIN. 
Collections  of  pus  may  form  on  the  surface  of  the  brain  or  within  its  sub- 
stance.    In   the  former  case,  the  membranes,  thickened  by  inflammation, 
constitute  one  wall  of  the  abscess.     In  the  latter  case,  which  is  the  more 
common,  the  pus  is  separated  from  the  surface  by  a  layer  of  brain  tissue, 


*  Hughlings  Jackson,  "Ophth.  Hosp.  Rep.,"  vol.  viii,  p.  445. 

f  Charcot  and  Gombault,  Arch,  de  Physiologie,  1873,  vol.  v,  p.  143. 
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normal  or  only  slightly  damaged,  although  a  communication  sometimes  exists, 
through  this  layer,  between  the  interior  of  the  abscess  and  the  surface.  The 
white  substance  of  the  brain  appears  to  be  more  prone  to  suppuration  than 
the  gray.  An  abscess  may  occur  in  any  part,  but  is  most  frequent  in  the 
cerebral  or  cerebellar  hemispheres,  and  is  rare  in  the  central  ganglia,  the 
pons,  medulla,  or  the  middle  lobe  of  the  cerebellum.  Usually  there  is  only 
a  single  abscess,  sometimes  there  are  two  or  more,  and  occasionally  there 
are  many. 

General  Etiology.— Abscess  of  the  brain  is  usually  due  to  injury  or  to 
suppurative  inflammation,  near  or  distant,  from,  which  a  septic  material  is 
conveyed  to  the  brain.  The  most  common  cause  is  disease  of  the  bones  of 
the  skull,  and  of  such  disease  that  of  the  bony  investment  of  the  organ  of 
hearing  is  at  once  the  most  frequent  and  the  most  potent.  Injury,  moreover, 
often  causes  abscess,  not  directly  but  indirectly,  as  a  result  of  bone  disease 
thus  produced.  We  may  conveniently  divide  the  immediate  causes  of  cere- 
bral abscess  into  two  classes,  the  local  and  the  distant.  The  local  causes  are 
the  most  frequent,  and  to  them  no  less  than  70  per  cent  of  the  cases  are 
due  (173  out  of  241  cases).*  They  are  ear  disease  (102  cases,  or  42.5  per 
cent.),  injury  (57  cases,  24  per  cent.),  disease  of  the  nose  (6  cases),  orbit  (3 
cases),  non-traumatic  caries  of  other  bones  (5  cases),  tumor  of  the  brain  (1 
case).  The  distant  influences  cause  15  per  cent  of  the  whole.  They  are — 
suppuration  elsewhere  than  near  the  bones  of  the  skull  (25  cases),  pyaemia 
(9  cases)',  oiidium  albicans  (2  cases).  In  the  remaining  15  per  cent,  no 
cause  was  detected.  These  causal  influences  will  be  presently  considered  in 
greater  detail. 

Age  and  Sex. — Cerebral  abscess  is  far  more  common  in  males  than  in 
females.  Of  232  cases,  174  occurred  in  males,  58  in  females,  the  ratio  being 
as  3  to  1.  The  various  causes  do  not,  however,  influence  the  two  sexes  in 
the  same  proportion.  From  ear  disease  the  ratio  of  males  to  females  is  2  to 
1,  from  injury  5  to  1,  from  suppuration  elsewhere,  4  to  1.  The  greater 
liability  of  males  to  traumatic  abscess  is  readily  explained  by  their  more 
frequent  exposure  to  injury ;  their  greater  liability  to  abscess  from  other 
causes  is  less  easy  to  understand. 

No  time  of  life,  from  birth  to  old  age,  is  exempt,  but  the  affection  is  very 
rare  during  the  first  year  of  life.  The  following  is  the  relative  distribution 
of  223  cases: — 


1-   9. 

24  cases. 

10-19, 

48     " 

20-29, 

72     " 

30  -  39,  29  cases. 
40  -  49,  26     " 
50-59,  16     " 


60  -  69,  7  cases. 
70  and  over,  1  case. 


Thus,  one-third  occur  in  the  third  decade  of  life,  and  one-fifth  in  the 
second.  The  twenty  years  between  ten  and  thirty  yield  more  than  half  the 
cases.  Those  due  to  ear  diseases  are  distributed  through  life  neaily  as  the 
total  number.     Traumatic  abscess  is  relatively  more  frequent  in  early  life, 

*  Collected  from  various  sources,  and  including  the  seventy-six  cases  tabulated  by  Gull  and 
Sulton  ("  Reynolds'  System  of  Medicine,"  vol.  ii,  2d  ed.,  art.  "  Abscess  of  the  Brain  "). 
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two-fifths  occurring  under   20,  and   nearly   one-fifth   under    10.     Pyaemia 
never,  and  distant  suppuration  rarely,  causes  cerebral  abscess  under  20. 

General  Pathology. — Suppuration  in  the  brain,  as  elsewhere,  must  be 
considered  as  a  result  of  inflammation,  and  the  first  stage  of  the  process  is 
apparently  "  red  softening  "  (see  p.  847).  In  all  red  softening,  pus  corpus- 
cles are  found  in  the  diseased  tissue,  and  if  they  are  numerous  the  softened 
tissue  gradually  assumes  a  distinctly  purulent  aspect.  It  is  even  thought  that, 
in  some  cases,  pus  is  formed  from  the  first  without  an  initial  stage  of  red 
softening  (Huguenin).  The  pus  formed  has  a  greenish  tint,  and  usually  an 
acid  reaction.  It  is  fetid  in  one-fifth  of  the  cases  (Mayer)  ;  on  what  the 
fe.tor  depends  is  uncertain,  but  it  is  probably  the  result  of  some  special 
septic  influence.  Under  the  microscope,  the  pus  cells,  especially  in  old 
abscesses,  are  indistinct,  having  undergone  granular  disintegration.  The 
wall  of  the  cavity  is  irregular  at  first  (in  some  cases  for  a  long  time),  and 
there  is  a  tendency  to  the  increase  of  the  abscess  by  the  necrosis  of  portions 
of  the  limiting  tissue.  The  "capsule,"  which  forms  after  a  time,  is  at  first 
thin  and  delicate,  and  gradually  increases  in  firmness  and  thickness.  It  has 
a  smooth  inner  surface,  and  its  substance  is  composed  of  connective-tissue 
elements,  looser  externally  than  in  the  middle.  Beyond  it  the  brain  tissue 
is  often  softened  by  slight  oedema,  and  in  the  immediate  vicinity  of  the 
capsule  there  is  some  fatty  degeneration  of  the  cerebral  elements.  Doubt- 
less most  of  the  pus  cells  are  escaped  leucocytes,  but  some  may  be  formed 
from  the  cells  of  the  neuroglia.  After  the  capsule  is  formed,  pus  cells  still 
increase  in  the  cavity  of  the  abscess,  and,  if  there  is  a  channel  by  which 
the  contents  may  escape,  the  formation  of  pus  may  be  continuous  and 
abundant. 

Taking  together  all  cases  of  cerebral  abscess,  it  is  about  equally  common 
for  a  capsule  to  be  present  or  absent.  The  time  at  which  one  is  formed  is 
important,  because,  if  known,  its  presence  affords  some  indication  of  the  age 
of  the  abscess.  The  question  can  only  be  decided  by  traumatic  cases,  in 
which  the  commencement  can  be  accurately  determined.  In  such  cases  the 
first  indication  of  a  delicate  membrane  has  been  seen  at  the  end  of  the  second 
week,*  but  it.  is  rarely,  distinct  before  the  end  of  the  third  week,f  and  it  only 
assumes  its  character  as  a  well-defined  membrane  with  a  smooth  surface  at 
the  end  of  two  months.  But  an  abscess  may  remain  for  a  much  longer  time 
without  a  capsule.  The  absence  of  this  is  therefore  of  less  significance  than 
its  presence.  The  abscess  may  be  entirely  closed,  but  not  unfrequently  an 
opening,  sometimes  a  fistulous  channel,  connects  it  with  the  surface  of  the 
brain,  especially  when  there  is  bone  disease,  and  it  may  thus  communicate 
with  the  exterior  of  the  skull.     It  may  also  burst  into  the  ventricles. 

The  shape  of  the  encapsuled  abscess  is  more  or  less  rounded,  but  a  recent 
abscess  with  adjacent  sloughing  may  be  irregular  and  ill-defined.  Rarely  it 
consists  only  of  a  fistulous  channel  extending  from  the  surface  of  the  brain 
to  the' ventricles.     The  size  varies  in  most  cases  between  that  of  a  walnut 

*  Lallemand,  quoted  by  Lebert.  f  Lebert,  Virchow's  Archiv,  Bd.  x,  1856,  p.  95. 
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and  a  hen's  egg,  but  it  may  be  so  large  as  to  occupy  apparently  two-thirds  of 
the  cerebral  hemisphere,  or,  on  the  other  hand,  it  may  be  no  larger  than  a 
pea.  Multiple  pyemic  abscesses  are  usually  small.  In  about  four-fifths  of 
the  cases  the  abscess  is  single  (80.5  per  cent.) ;  in  a  fifth,  more  than  one 
collection  of  pus  exists.  The  abscess  is  almost  always  single,  when  of  trau- 
matic origin  (93  per  cent.),  and  usually  when  due  to  ear  disease  (87  per 
cent.).  On  the  other  hand,  when  due  to  suppuration  elsewhere,  this  abscess 
is  single  in  less  than  half  the  cases  (46  per  cent.),  and  in  general  pyaemia 
the  abscesses  are  multiple  in  two-thirds  of  the  cases,  and  they  are  generally 
numerous  and  small.  When  multiple,  it  is  about  as  frequent  for  there  to  be 
two,  a  few,  or  many,  as  the  following  figures  show  :  Two,  14  cases  ;  a  few, 
15  cases  (three,  10  cases;  four,  3  ;  five,  1  ;  seven,  1)  ;  many,  10 cases.  In 
half  the  cases  of  multiple  abscesses  these  are  situated  in  the  same  hemis- 
phere of-  the  cerebrum.  Suppuration  occurs  in  both  hemispheres  only  when 
due  to  distant  septic  causes.  In  one-quarter  of  the  cases  the  abscesses  are 
situated  in  the  same  side  of  both  cerebrum  and  cerebellum.  Less  frequently 
there  are  multiple  abscesses  in  the  cerebellum,  and  the  cerebrum  is  free. 

Suppuration  occurs  in  the  cerebrum  four  times  as  frequently  as  in  the 
cerebellum,  and  is  very  rare  in  the  pons,  or  medulla  oblongata.*  Cerebral 
abscess  may  result  from  any  cause,  but  cerebellar  abscess  is  produced  almost 
exclusively  by  ear  disease  or  distant  influences.  In  the  cerebrum,  suppura- 
tion is  a  little  more  frequent  on  the  right  side  than  on  the  left  (as  87  to  70), 
but  the  two  hemispheres  suffer  almost  equally  from  distant  causes  and  from 
ear  disease.  The  general  excess  of  abscess  in  the  right  hemisphere  depends 
entirely  on  the  influence  of  other  local  causes  than  ear  disease  ;  these  show 
a  remarkable  proclivity  to  affect  the  right  rather  than  the  left  hemisphere. f 
Cerebellar  abscess,  generally  due  to  ear  disease  or  distant  causes,  corresponds 
in  this  respect  to  the  cerebral  abscesses  of  the  same  origin,  and  the  two 
cerebellar  hemispheres  are  affected  with  equal  frequency.  Suppuration  is 
very  rare  in  the  middle  lobe  of  the  cerebellum.  Any  part  of  the  cerebral 
or  cerebellar  hemispheres  may  be  affected,  but  the  position  of  an  abscess 
due  to  local  disease  is  determined  by  the  situation  of  its  cause.  The  tem- 
poro-sphenoidal  lobe  suffers  more  than  any  other  part,  on  account  of  the 
frequency  with  which  the  cause  of  abscess  is  disease  of  the  internal  ear,  over 
which  this  lobe  lies. 

An  abscess,  if  of  any  size,  exerts  pressure  on  adjacent  parts,  although  not 
to  the  same  degree  as  a  tumor.  The  convolutions  over  it  are  flattened, 
and  the  adjacent  brain  is  anaemic  and  often  softened.  Moreover,  an  abscess 
in  the  middle  lobe  of  the  cerebellum  may  cause  internal  hydrocephalus,  just 
as  does  a  tumor  in  the  same  situation. 


*  Cerebrum  186  times  (not  cases) ;  cerebellum  41 ;  pons  3  ;  medulla  oblongata  once. 

\  Thus,  injury  caused  abscess  in  the  right  hemisphere  22,  in  the  left  15  times;  disease  of 
the  nose,  right  7,  left  1 ;  disease  of  the  orbit,  right  3,  left  o  j  caries  of  other  bones  than  the 
temporal,  right  4,  left  1.  The  greater  influence  of  these  causes  on  the  right  hemisphere 
seems  to  be  too  uniform  to  be  accidental. 
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Anatomical  Course. — An  abscess,  which  has  become  encapsuled,  may 
remain  for  a  long  time  stationary.  The  capsule  becomes  thick  and  tough, 
may  even  become  calcified,  and  very  rarely  the  contents  may  undergo  a  sim- 
ilar change.*  More  often,  before  a  capsule  is  formed,  or  while  this  is  still 
thin,  the  abscess  enlarges,  usually  more  in  one  direction  than  in  another,  and 
the  patient  may  die  from  the  extensive  interference  with  the  cerebral  func- 
tions. The  abscess  may  ultimately  burst  into  the  lateral  ventricles,  less 
commonly  on  the  surface  of  the  brain.  The  former  occurs  in  one-sixth  of  all 
cases  ;  most  frequently  (one  in  three  and  a  half)  in  abscess  from  distant 
suppuration  (not  distinctly  pyaemic) ;  less  commonly  in  abscess  from  ear 
disease  (one  in  five)  ;  still  less  frequently  in  traumatic  cases  (one  in 
nine).  The  effect  of  rupture,  external  or  internal,  is  to  excite  purulent 
inflammation  of  the  meninges  in  the  one  case,  of  the  lining  membrane  of 
the  ventricles  in  the  other,  and  these  cavities  become  filled  with  pus.  Puru- 
lent inflammation,  of  the  ventricles  may  also  be  excited  without  actual  rup- 
ture. Occasionally  the  ventricles  contain  an  excess  of  turbid  fluid  but  no 
pus.  An  abscess  due  to  bone  disease  may  communicate  with  the  latter  by  a 
perforation  through  the  thickened  and  adherent  membranes,  and  pus  may 
thus  be  discharged  from  the  interior  of  the  brain  through  the  ear,  nose,  etc. 
A  very  rare  accident  is  hemorrhage  into  the  sac  of  an  abscess  ;  in  one  case 
extensive  meningeal  hemorrhage  from  a  vein  occurred  over  an  abscess  just 
beneath  the  surface.  Small  abscesses  are  occasionally  found  in  the  vicinity 
of  a  larger  one,  due  apparently  to  its  influence.  Several  contiguous  abscesses 
may  coalesce. 

Special  Etiology  and  Pathology. — (A)  Local  Causes. — (i)  Injury. — 
While  the  actual  proportion  of  abscesses  referred  to  injury  is  about  one- 
quarter  (23.2  per  cent.),  it  is  probable  that  the  actual  proportion  is  larger, 
and  that  many  of  the  cases  in  which  no  cause  could  be  traced  were  due  to 
some  unnoticed  or  forgotten  traumatic  influence.  The  common  form  of 
injury  is  a  blow  or  fall  on  the  skull,  causing  actual  fracture  of  bone  in  some 
cases,  in  others  necrosis,  while  in  many  a  careful  examination  revealed  no 
injury  to  the  bone.  In  the  latter  cases  the  abscess  is  usually  situated  deeply 
in  the  brain,  beneath  the  part  struck,  and  is  apparently  due  to  the  interstitial 
laceration  of  the  tissue.  When  traumatic  necrosis  of  the  bone  exists,  the 
abscess  is  sometimes  deep,  sometimes  superficial,  and  its  cavity  often  com- 
municates with  the  pus  about  the  bone.  In  fracture,  the  inner  table  is  often 
splintered,  spiculse  project  into  the  brain,  and  the  suppuration  may  be  near 
the  surface,  or  it  may  be  deep-seated  and  connected  by  a  fistulous  passage 
with  the  irritating  splinter.  After  depressed  fractures,  which  have  been 
trephined,  hernia  cerebri  often  accompanies  the  suppuration.  Another  occa- 
sional traumatic  cause  is  a  penetrating  wound,  as  a  stab  or  a  fall  on  a  project- 
ing nail,  etc.  Traumatic  abscesses  are  usually  single,  and  situated  beneath 
the  injury,  very  rarely  in  the  opposite  part  of  the  brain.  Thus  a  fall  on  the 
occiput  has  caused  an  abscess  in  the  frontal  lobe.      In  one  case  a  fall  on  the 

*  Fenman,  Edin.  Med.  Journal,  October,  1S79. 
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Figs.  294,  295. 


forehead,  fracturing  the  bone, 
caused  an  abscess  in  the  corre- 
sponding frontal  lobe,  and 
another  in  the  cerebellum. 

(2)  Disease  of  the  ear  is  the 
most  frequent  cause  of  abscess. 
The  ear  disease  is  usually- 
chronic,  and  has  existed  for 
several  years — five,  ten,  fifteen, 
and  even  twenty  or  twenty-five 
years — before  it  caused  the 
abscess.  Very  rarely  the  mis- 
chief had  existed  only  for  a 
few  weeks  or  months.  There 
is  usually  caries  of  the  bone, 
following  an  inflammation  of 
the  middle  ear  or  mastoid 
cells,  set  up  by  cold,  injury, 
or  more  frequently  by  extension 
from  the  throat,  sometimes  by 
a  polypus  in  the  external  mea- 
tus. A  purulent  discharge  from 
the  ear  (the  tympanitic  mem- 
brane being  perforated)  has 
usually  existed  for  a  long  time. 
In  many  cases  the  abscess 
has  followed  the  arrest  of 
this  discharge  ;  less  commonly 
it  has  followed  an  increase 
in  the  ear  mischief,  due  to 
fresh  cold  or  to  a  blow  on 
the  ear.  Occasionally  there  is 
suppurative  inflammation  of  the 
middle  ear  or  mastoid  cells, 
and  no  bone  disease.  The 
tympanic  cavity  and  mastoid 
cells  are  separated  from  the 
interior  of  the  skull  only  by 
a  thin  layer  of  bone,  which  is 
readily  destroyed,  and,  more- 
over, this  is  perforated  by  small 
veins  which  pass  from  the  tym- 

Figs.  294,  295.— Abscess  of  right  temporal  lobe,  due  to  ear  1  . 

disease.    The  enlargement  caused  by  the  abscess  is  shown    panum  to  the  Superior  petrosal, 
in  Fig.  294 ;  in  Fig.  295  the  cavity  is  opened.  r  . 

and  from  the  mastoid  cells  to 
the  lateral  sinus.  Abscess  from  ear  disease  is  twice  as  frequent  in  the  cere- 
brum as  in  the  cerebellum.     In  the  former  it  is  usually  in  the  temporo- 
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sphenoidal  lobe,  occasionally  in  the  frontal,  rarely  in  the  occipital,  and 
still  more  rarely  in  the  parietal.  Abscess  of  the  cerebellum  is  almost 
invariably  in  the  hemisphere.  In  rare  cases  the  abscess  is  seated  in  the 
pons  Varolii.  Multiple  abscesses  from  ear  disease  (met  with  in  only  13  per 
cent,  of  the  cases  due  to  this  cause)  may  be  in  the  same  cerebral  or  cerebellar 
hemisphere  or  in  both  ;  they  are  always  on  the  same  side. 

The  membranes  are  usually  thickened  over  the  diseased  bone,  but  are 
sometimes  normal.  Coagula  of  old  date,  sometimes  breaking  down,  are 
occasionally  found  in  the  petrosal  or  lateral  sinus.  The  abscess  is  rarely 
superficial;  commonly  it  is  seated  within  the  brain,  separated  from  the 
surface  by  normal  cerebral  substance.  In  other  cases  an  opening  exists 
in  this  tissue  and  in  the  adherent  membranes,  so  that  the  sac  of  the 
abscess  may  communicate  with  the  diseased  bone,  and  thus  with  the  exterior. 
In  some  of  these  cases  it  is  probable  that  the  abscess  commenced  in  the 
interior  of  the  brain,  and  extended  outward  toward  the  diseased  bone,  until 
a  communication  was  established. 

The  mechanism  by  which  an  abscess  within  the  brain  is  produced  by 
ear  disease,  not  directly  continuous  with  the  cerebral  suppuration,  has  been 
much  discussed.  There  is  no  direct  evidence  as  to  its  nature.  That  it  is  by 
the  passage  of  septic  material  from  the  bone  disease  can  scarcely  be  doubted. 
The  arrest  or  retardation  of  the  circulation  in  the  sinuses  may  permit  this 
material  to  reach  the  brain  by  the  veins  which,  from  ear  and  brain,  pour 
their  blood  into  the  sinuses  ;  but  while  the  current  is  still  flowing  this  can 
scarcely  occur.*  It  is  not  improbable,  however,  that  the  perivascular  lym- 
phatic canals  are  the  paths  by  which  the  infection  generally  occurs.  The 
internal  carotid  artery  sends  twigs  to  the  interior  of  the  tympanic  cavity, 
and  the  perivascular  sheaths  of  these  have  been  thought  to  be  the  chief 
channels  of  infection  (Binswanger),  but  the  rarity  of  abscess  in  the  frontal 
lobes  in  consequence  of  ear  disease  renders  this  improbable. 

The  roof  of  the  tympanum  forms  part  of  the  middle  fossa  of  the  base  of 
the  skull,  on  which  lies  the  temporo-sphenoidal  lobe,  and  the  superior  petro- 
sal sinus  receives  blood  from  both.  The  bone  which  separates  the  mastoid 
cells  from  the  intracranial  cavity  forms  part  of  the  posterior  fossa  beneath 
the  tentorium,  and  on  it  the  cerebellar  hemisphere  lies,  while  the  lateral 
sinus  receives  blood  from  both.  Hence,  as  Toynbee  first  pointed  out, 
disease  of  the  tympanum  causes  chiefly  cerebral  abscess,  that  of  the  mastoid 
cells  cerebellar  abscess.  Exceptions  to  the  rule  are,  however,  occasionally 
met  with. 

(3)  Chronic  disease  of  the  nose  is  an  occasional  but  rare  cause  of  cerebral 
abscess  (6  out  of  240).  There  is  usually  bone  disease,  involving  the  nasal, 
sphenoid,  or  ethmoid  bones,  and  often  syphilitic  in  origin.  In  some  cases 
the  disease  is  confined  to  the  nasal  mucous  membrane,  just  as  the  ear  disease 
may  be  limited  to  the  mucous  membrane  of  the  tympanum.     Almost  invari- 


*  Adams,    Glasgow  Med.   Journ.,  vol.   xv,  1881,  June,  p.  424.     The  problem  of  the 
mechanism  is  well  discussed  in  this  paper. 
54 
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ably  the  abscess  is  situated  in  the  frontal,  lobe ;  in  only  one  recorded  case  was 
the  suppuration  in  the  parietal  lobe.  In  one-third  of  these  cases  there  are 
more  than  one  abscess.  Meningitis  frequently  coexists.  When  there  is 
bone  disease  the  sac  of  the  abscess  may  communicate  with  this,  so  that  pus 
is  discharged  from  the  interior  of  the  brain  through  the  nose. 

Still  rarer,  as  a  cause  of  cerebral  abscess,  is  orbital  disease  (three  cases). 
In  two  there  was  an  abscess  in  the  orbit,  in  one  a  growth.  The  suppuration 
was  always  in  the  frontal  lobe,  and  single. 

Caries  of  other  bones  than  temporal,  and  not  due  to  injury,  very  rarely 
causes  cerebral  abscess.  Five  cases  only  were  of  this  nature.  In  one  the 
caries  was  syphilitic,  in  one  cancerous.     The  abscess  in  each  case  was  single. 

The  last  local  cause  of  abscess  is  a  growth  in  the  brain.  This  form  of 
abscess  is  extremely  rare,  and  occurs  chiefly  as  a  result  of  a  tubercular  tumor. 
Such  growths  usually  caseate  and  harden,  but  have  been  known  to  break 
down  into  a  collection  of  pus.*  Other  tubercular  tumors,  and  other  evi- 
dence of  tubercle,  are  usually  present,  and  indicate  the  origin  of  the  abscess. 

(B)  The  distant  causes  of  cerebral  abscess  are  morbid  processes  in  some  other 
part  of  the  body,  by  which  septic  material  is  produced,  and  this,  passing  into 
the  blood  current,  doubtless  causes  the  abscess  of  the  brain  by  septic  embol- 
ism. The  reality  of  this  mechanism  has  been  demonstrated  in  one  case;  a 
cerebral  abscess,  secondary  to  suppuration  in  the  lung,  was  found  to  contain 
lung  pigment. f  Since  embolic  processes  are  rarely  single,  cerebral  abscess 
from  distant  causes  is  frequently  multiple.  From  local  causes  the  proportion 
of  cases  in  which  there  are  more  than  one  abscess  is  only  13.5  per  cent. ; "' 
from  distant  causes  it  is  61  per  cent. 

In  general  pyaemia  the  brain  is  far  less  frequently  the  seat  of  the  secondary 
suppuration  than  are  some  other  organs,  and  it  is  probable  that  the  brain  is 
less  frequently  affected  in  pyaemia  due  to  injury  than  in  pyaemia  due  to  non- 
traumatic causes.  Only  nine  of  234  cases  of  cerebral  abscess  occurred  as  part 
of  general  pyaemia,  and  in  only  one  of  these  was  the  pyaemia  secondary  to 
injury ;  in  one  it  was  post-puerperal ;  in  three  it  was  secondary  to  abscesses 
elsewhere,  and  in  two  to  abscess  of  the  liver,  produced  by  dysentery.  In  one- 
third  of  the  cases  the  abscess  was  single,  in  another  third  there  were  from  two 
to  five  abscesses,  in  the  remaining  third  numerous  small  foci  of  suppuration 
were  scattered  through  the  brain,  as  many  as  sixty-eight  being  counted  in 
one  case.  J 

In  an  important  group  of  cases  an  abscess  of  the  brain  is  the  result  of  sup- 
puration elsewhere,  but  no  indications  of  general  pyaemia  can  be  discovered. 
Such  cases  are  separable  from  the  pyaemic  form  practically,  but  not  theoreti- 
cally.    The  occurrence  of  the  secondary  suppuration  in  the  brain,  and  not 


*  For  an  instance  see  D'Espine,  Rev.  mid.  de  la  Suisse  Romande,  1886,  p.  371. 

t  BSttcher,  Petersb.  Med.  Zeitschri/t,  1869,  and  Virchow1  s  Jahrtsbericht,  r86q,  ii.  51. 

%  It  should  be  noted  that  pysemia  is  not  always  the  cause  of  a  cerebral  abscess  with  which 
it  coexists.  The  abscess  may  be  of  local  origin,'  and  the  pysemia  may  be  the  result  either  of 
the  abscess  or  of  the  local  cause  of  the  abscess. 


ABSCESS.  859 

elsewhere,  is  remarkable  and  unexplained.  The  cases  are  more  numerous 
than  those  in  which  there  is  general  pyaemia,  and  about  ten  per  cent,  of  all 
cases  of  cerebral  abscess  are  of  this  origin  (25  of  234  cases).  In  the  majority 
of  these  the  suppuration  is  in  connection  with  the  lung.  Pneumonia,  imper- 
fectly resolved  and  breaking  down  ;  suppurating  cavities  in  the  lungs,  left  by 
such  pneumonia,  or  the  result  of  bronchial  dilatation  ;  simple  fetid  bronchitis ; 
and  especially  empyema,  are  the  chief  causal  conditions.*  It  never  results  from 
true  tubercular  cavities.  Suppuration  in  the  abdominal  cavity  is  a  less  com- 
mon cause,  and  still  rarer  is  suppuration  connected  with  the  limbs.  The 
abscess  is  single  in  about  half  the  cases,  and  is  generally  situated  in  the  cere- 
bral hemispheres,  especially  in  the  posterior  lobe.  The  cerebellum  is  not 
often  affected  from  this  cause,  and  never  suffers  alone.  Numerous  small  foci 
x)f  suppuration  have  been  met  with,  but  far  less  frequently  than  from  general 
pyaemia. 

Oldium  Albicans. — Strange  as  it  may  seem,  in  two  recorded  casesf  thrush 
in  the  mouth  was  a  cause  of  abscess  of  the  brain.  One  patient  was  an  infant, 
the  other  an  adult.  An  abundant  growth  of  oi'dium  occupied  the  mouth 
and  throat,  and  the  brain  was  studded  with  small  abscesses,  containing  the 
same  fungus.  The  oidium  in  the  pharynx  has  been  traced  into  the  epithelial 
layer  of  the  mucous  membrane, J  and  into  the  interior  of  the  vessels,  and  it 
doubtless  thus  finds  its  way,  with  the  blood  current,  to  distant  parts. 

There  remains  about  a  sixth  of  the  total  number  of  cases  in  which  no 
cause  for  the  abscess  could  be  discovered.  In  two  or  three  of  these  congen- 
ital heart  disease  existed,  and  was  regarded  as  a  cause  of  the  abscess,  but  no 
mechanism  by  which  the  result  could  be  produced  has  been  suggested.  In 
many  of  these  unexplained  cases  it  is  highly  probable  that  the  abscess  was 
really  traumatic,  the  result  of  some  forgotten  fall  or  blow.  In  a  few  cases 
in  which  the  abscess  was  situated  in  the  temporo-sphenoidal  lobe,  it  may 
have  been  the  consequence  of  disease  of  the  tympanum,  overlooked  because 
there  was  no  bone  disease.  It  is  still  an  open  question  whether  all  cases  can 
be  thus  explained,  and  whether  there  is  or  is  not  an  idiopathic  form  of 
abscess  of  the  brain. 

Symptoms. — A  cerebral  abscess  originates  in  inflammation,  and  consti- 
tutes, when  developed,  a  foreign  mass  within  the  brain.  Ultimately,  sec- 
ondary processes  occur,  adjacent  oedema  and  inflammation,  meningitis,  effu- 
sion into  the  ventricles ;  or  the  abscess  ruptures  externally  or  internally. 
In  some  cases  of  acute  and  severe  disease,  the  initial  suppurative  inflamma- 


*  In  diseases  within  the  lung  substance  capable  of  causing  it,  cerebral  abscess  appears  to 
occur  in  about  eight  per  cent.,  according  to  some  facts  recently  published  by  R.  Nather, 
{Deutsche  Archiv  f.  klin.  Med.,  xxxiv,  p.  169.  Of  ninety-eight  cases  forty- nine  of  gangrene 
of  the  lungs,  thirty-seven  of  foetid  bronchitis,  and  twelve  of  bronchial  dilatation)  there  was 
cerebral  abscess  in  eight. 

f  Zenker,  Bericht  der  Geselhch.  f.  Nat.  u.  Heilk,  Dresden,  1861,  p.  62;  Ribbert,  Berl. 
kl.  Wochenschr.,  1879,  P-  6'7- 

%  Wagner,  Jahrb.  f.  Kinderheilk.,  i,  p.  56. 
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tion  progresses  with  more  or  less  rapidity  until  it  destroys  life.  In  other 
cases  it  passes  into  a  stationary  condition  for  a  time. 

The  symptoms  correspond  to  the  morbid  process.  The  initial  symptoms 
are  those  of  inflammation,  but  vary  much  in  intensity.  In  many  cases  they 
are  so  trifling  as  to  be  overlooked.  In  severe  cases  they  are  correspondingly 
grave.  This  is  always  the  case  in  acute  abscess ;  the  early  inflammatory 
symptoms  continue  and  increase  to  the  end.  In  the  cases  of  chronic  abscess, 
during  the  period  in  which  the  abscess  is  comparatively  stationary,  there  are 
few  or  no  symptoms,  and  this  is  termed  the  "latent  period."  Ultimately 
acute  symptoms  supervene,  it  may  be  suddenly,  and  run  a  rapid  course,  to 
end  in  death.  These  constitute  the  "  terminal  stage."  The  symptoms  are 
in  part  those  of  inflammation  ;  in  part  they  are  those  of  an  irritating  foreign 
bodyj  such  as  a  tumor.  Their  character  is  determined  by  the  character  of 
the  morbid  process,  and  by  its  seat.  Local  symptoms,  often  such  as  afford 
an  indication  of  the  position  of  the  disease,  are  absent  far  more  frequently 
than  in  the  case  of  tumor.  This  is  due  to  two  circumstances.  First, 
abscesses  are  often  situated  in  parts  of  the  brain,  as  the  temporo-sphenoidal 
and  frontal  lobes,  in  which  local  disease  often  causes  no  local  symptoms, 
whatever  be  its  nature.  Secondly,  the  pressure  of  a  slowly-developed  abscess 
produces  less  grave  effects  than  the  pressure  of  a  tumor. 

Every  gradation  is  met  with  between  the  cases  of  acute  abscess  with  severe 
cerebral  symptoms,  running  a  rapid  course,  and  ending  fatally  in  two  or  three 
weeks,  and  those  in  which  the  initial  disturbance  is  so  slight  as  -to  be  unno- 
ticed ;  the  stationary  period  is  marked  by  complete  latency,  and  the  exist- 
ence of  such  grave  cerebral  disease  is  unsuspected,  until  the  rupture  of  the 
abscess,  or  some  acute  consequence,  causes  rapid  death.  In  another  class 
of  cases  the  existence  of  suppuration  may  also  be  unsuspected — those  in 
which  abscesses  are  secondary  to  a  grave  general  disease,  such  as  pyeemia, 
by  the  symptoms  of  which  those  of  the  cerebral  mischief  are  altogether 
obscured. 

Early  symptoms  are  most  frequent  in  cases  of  traumatic  abscess,  because 
the  initial  inflammation  is  most  extensive.  When  present  they  resemble 
those  of  meningitis,  which  often  coexists ;  there  is  headache,  frequently 
local,  vomiting  and  febrile  disturbance,  attended  in  severe  cases  by  rigors. 
Convulsions  are  less  common  ;  when  general  they  indicate  that  the  mischief 
is  extensive  and  severe.  Local  convulsions  occur  only  when  the  disease  is 
in  or  beneath  the  motor  region  of  the  cortex.  Paralysis  is  still  less  common. 
Delirium  is  rarely  an  early  symptom.  In  the  cases  of  acute  abscess  these 
symptoms  pass  on  into  those  presently  to  be  described,  which  attend  the 
terminal  stage  of  chronic  abscess,  and  usually  consist  in  delirium,  convul- 
sions, and  paralysis  on  the  side  opposite  to  the  abscess.  The  temperature  is 
raised,  and  severe  rigors  may  occur.  Delirium  gives  place  to  stupor,  which 
deepens  into  final  coma. 

These  cases  of  acute  abscess  are  most  frequently  the  result  of  injury,  next 
of  distant  suppuration,  and  pysemic  embolism,  while  they  are  not  common 
as  a  result  of  otitis.     The  duration  of  the  symptoms  is  in  most  cases  from 
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ten  to  thirty  days ;  sometimes  death  occurs  at  the  end  of  a  week ;  occasion- 
ally life  is  prolonged  for  four  or  five  weeks. 

The  "  latent  period  "  of  chronic  abscess  varies  much  in  duration;  and 
when,  as  is  often  the  case,  the  initial  symptoms  were  slight,  its  commence- 
ment cannot  be  fixed.  It  may  vary  from  two  or  three  months  to  several 
years.  Indeed,  it  sometimes  exceeds  these  limits,  and  an  abscess  which  has 
become  enclosed  in  a  thick  capsule  has  remained  for  many  years,  in  one 
case  for  seven,  in  another  for  twenty,  without  exciting  symptoms.  But  the 
latency  is  often  imperfect.  Slight  symptoms  may  exist,  and  their  nature  is 
usually  misunderstood.  Headache  is  the  most  common,  usually  not  severe.  In 
cases  of  ear  disease  it  sometimes  alternates  with  otorrhcea.  Convulsions  have 
occurred  at  short  intervals,  and  have  been  thought  to  be  due  to  idiopathic 
epilepsy.  In  other  cases  slight  mental  disturbance,  usually  melancholic, 
has  been  the  only  symptom. 

The  latent  period  may  end  suddenly  or  gradually.  The  terminal  stage 
usually  commences  suddenly,  but  it  is  sometimes  preceded  by  a  gradual 
increase  in  the  headache  or  mental  symptoms,  by  restlessness,  irritability  of 
temper,  or  depression.  Very  rarely  acute  symptoms  develop,  and  then 
subside,  and  the  latency  continues  as  before.  Such  an  attack  is  usually  due 
to  intercurrent  meningitis.  It  is,  however,  rare ;  when  the  latency  is  once 
broken,  the  symptoms  usually  increase  until  death  occurs. 

The  symptoms  of  abscess,  therefore,  are  essentially  those  of  the  terminal 
stage;  but  these,  in  acute  abscess,  are  continuous  with  the  initial  disturbance, 
and  in  chronic  abscess  they  sometimes  exist  in  slighter  degree  during  the 
latent  stage,  and  especially  toward  its  close.  Like  those  of  tumor,  they 
may  be  divided  into  general  and  local  (focal),  but  the  former  are  the  more 
important,  and  exist  alone  more  frequently  than  in  the  case  of  tumor. 

Headache  is  as  frequent  as  it  is  in  tumor  and  presents  similar  characters. 
It  is  more  often  moderate  in  degree  than  in  tumor,  but  now  and  then 
extremely  severe,  and  has  even  been  known  to  kill  the"  patient  by  its 
violence.  It  is  often  increased  by  posture,  and  by  muscular  effort.  It  may 
correspond  in  position  with  the  seat  of  the  disease,  and  does  so  more 
frequently  than  in  the  case  of  tumor,  but  it  is  sometimes  referred  to  a  differ- 
ent part  of  the  head,  and  the  statements  made  in  a  subsequent  page  regard- 
ing the  pain  of  tumor  are  applicable  also  to  that  of  abscess.  But  in  trau- 
matic abscess  it  is  generally  referred  to  the  situation  of  the  disease.  In 
abscess  from  ear  disease,  pain  in  the  ear  often  blends  with  that  in  the  head. 
Occasionally  the  pain  varies  in  seat  from  day  to  day.  Once  established  it 
usually  persists. 

Vomiting  is  often  associated  with  the  headache,  and  is  especially  frequent 
in  cerebellar  abscess.  The  same  is  true  of  giddiness.  Although  less  frequent 
in  cerebral  than  ,in  cerebellar  abscess,  both  these  symptoms  are  occasionally 
very  marked  in  the  former. 

Optic  neuritis  is  less  common  in  abscess  than  in  tumor,  but  is  certainly 
more  frequent  than  statistics  would  indicate.  It  may  occur  in  both  acute 
and  chronic  abscess,  and  probably  the  ophthalmoscope  would  show  that, 
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during  the  latent  stage,  it  frequently  precedes  the  onset  of  the  more  acute 
symptoms.  It  is  probably  rather  more  common  in  traumatic  abscess  than  in 
other  forms.  It  has  been  met  with  in  one  case  of  abscess  of  the  cerebellum 
(Pfliiger).  The  aspect  of  the  neuritis  is  similar  to  that  which  results  from 
cerebral  tumor. 

Convulsions  are  frequent,  usually  general,  and  resembling  epileptic  fits. 
They  may  occur  either  at  the  beginning  or  end  -of  the  terminal  period. 
Convulsions  which  are  local  in  their  distribution  or  commencement  are  less 
common,  and  occur  chiefly  in  abscess  beneath  or  near  the  motor  area  of  the 
cortex.  They  are  usually  associated  with  paralysis.  Rigidity  of  the  neck, 
with  retraction  of  the  head,  and  slight  opisthotonos,  occurs  chiefly  when 
rupture  has  excited  purulent  inflammation  about  the  pons  and  medulla. 

Paralysis,  usually  hemiplegic  in  distribution,  occurs  in  about  half  the 
cases.  It  is  often  slight  and  very  rarely  absolute.  Sometimes  it  succeeds  a 
unilateral  convulsion.  It  is  considerable  only  when  the  disease  involves  the 
motor  fibres  or  cortex,  and  sometimes  affects  only  the  arm  or  the  arm  and  face. 

Sensation  is  affected  much  less  frequently  than  motion.  When  there  is 
hemiplegia  there  is  occasionally  diminished  sensibility,  but  this  has  been  a 
conspicuous  symptom  only  in  a  few  cases  of  abscess  in  the  optic  thalamus, 
or  posterior  part  of  the  cerebral  hemisphere,  or  in  abscess  of  the  cerebellum 
compressing  the  pons.  The  cranial  nerves  sometimes  suffer,  but  more  often 
from  bone  disease  or  meningitis  than  from  the  abscess  itself.  The  olfactory 
nerves  are  scarcely  ever  affected.  The  optic  nerves  are  often  damaged  by 
optic  neuritis,  and  this  may  cause  loss  of  sight,  but  vision  is  rarely  affected 
by  the  direct  influence  of  the  abscess.  Intolerance  of  light  may  accompany 
headache.  The  pupils  may  be  unequal,  and  sometimes  irregular,  but  as  a 
rule  they  are  normal  until  the  terminal  stage,  when  their  reaction  to  light 
may  be  lessened  and  ultimately  lost.  The  ocular  muscles  are  sometimes 
involved,  but  there  is  rarely  paralysis  of  a  single  nerve.  The  most  frequent 
symptom  is  ptosis,  generally  on  the  same  side  as  the  abscess.  The  move- 
ment of  the  eyeballs  is  sometimes  impaired  in  cases  of  cerebellar  abscess 
pressing  on  the  pons,  although  rarely  in  a  definite  manner.  Pains  in  the 
region  of  the  fifth  nerve  have  been  observed  from  the  same  cause,  but  it  is 
scarcely  ever  paralyzed.  Affections  of  the  facial  and  auditory  nerves  are 
common  in  abscess  from  ear  disease,  but  are  the  direct  result  of  the  caries 
of  the  petrous  bone.  Speech  is  often  slow,  but  articulation  and  deglutition 
are  definitely  impaired  only  when  the  pons  is  the  seat  of  abscess  or  is  com- 
pressed by  adjacent  suppuration  in  the  cerebellum. 

Mental  disturbance  is  among  the  most  frequent  of  the  terminal  symptoms. 
Stupor,  deepening  to  coma,  is  almost  invariable  at  the  end,  and  it  is  often 
preceded  by  delirium,  or  by  mental  depression,  sometimes  with  suicidal 
tendencies.  Chronic  mental  disturbance,  or  simple  mental  failure,  is,  as 
already  stated,  common  toward  the  end  of  the  latent  period,  before  the  final 
acute  symptoms  come  on.  When  the  abscess  is  seated  on  the  left  side,  in 
the  lower  central  or  temporal  regions,  aphasic  impairment  of  speech  is 
occasionally  observed. 
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Of  the  symptoms  outside  the  nervous  system,  pyrexia  is  the  most  import- 
ant. It  is  very  frequent  during  the  terminal  stage,  and  sometimes  precedes  it, 
while  in  cases  of  acute  abscess  it  is  present,  in  greater  or  less  degree,  through- 
out the  disease.  There  is  often  a  dry,  brown  tongue,  and  rigors  frequently 
accompany  the  pyrexia,  followed  by  sweating,  so  that  the  case  may  resemble 
intermittent  fever.  The  pulse  may  be  frequent,  especially  when  there  is 
fever,  but  toward  the  end  and  sometimes  throughout  it  may  be  infrequent, 
falling  to  50,  40,  or  30.  Now  and  then  there  is  profound  anorexia,  even 
during  the  latent  stage.  ^Constipation  is  common.'  The  frequency  of  vomit- 
ing has  been  already  mentioned.  The  sphincters  are  rarely  affected  until 
the  terminal  stage ;  during  the  final  coma  there  is  usually  retention  of  urine. 

Symptoms  according  to  Seat.  — For  the  reasons  already  explained,  the  local 
symptoms  produced  by  abscess  are  less  frequently  distinctive  of  its  seat  than 
in  the  case  of  a  growth  in  a  corresponding  situation.  The  general  symp- 
toms, headache,  delirium,  terminal  coma,  optic  neuritis,  etc.,  are  irrespect- 
ive of  the  seat  of  the  abscess.  The  chief  local  symptoms  have  been  already 
mentioned.  They  are  most  common  when  the  suppuration  is  in  or  near  the 
central  (motor)  region  of  the  cortex,  and  consist  in  unilateral  paralysis,  par- 
tial or  complete,  and  unilateral  convulsions,  beginning  locally.  In  the  pre- 
central  region  of  the  frontal  lobe,  and  in  the  temporo-sphenoidal  lobe,  an 
abscess  rarely  causes  localizing  symptoms.  A  small  abscess  in  the  corpus 
striatum  or  optic  thalamus  may  cause  no  symptoms,  but  in  some  cases  there 
is  hemiplegia,  doubtless  from  implication  of  the  internal  capsule.  In  one 
case  of  thalamic  abscess  there  was, anaesthesia  and  loss  of  the  muscular  sense 
in  the  opposite  limbs,  probably  from  implication  of  the  posterior  part  of  the 
internal  capsule. 

Abscess  in  the  cerebellum  may  cause  pnly  general  symptoms.  The  head- 
ache is  usually  occipital,  often,  in  ear  disease,  darting  from  the  ear  to  the 
occiput,  and  sometimes  it  is  very  severe.  Vomiting  is  frequent,  and  occa- 
sionally there  is  typical  cerebellar  incoordination,  probably  in  consequence 
of  the  pressure  of  the  abscess  on  the  middle  lobe.  Ptosis,  and  defect  in  the 
ocular  movements,  may  occur  from  damage  to  the  pons  by  pressure  on  or 
secondary  softening,  and  in  the  same  cases  hemiplegia  has  been  met  with. 
Rigidity  of  the  neck  occurs  in  rare  cases  of  cerebellar  abscess  without  rup- 
ture; it  is  probably  due  to  slight  meningitis. 

A  small  abscess  in  the  pons  usually  causes  no  symptoms  till  it  ruptures,  but 
alternate  hemiplegia,  or  even  bilateral  paralysis  of  limbs  and  face,  has  been 
observed. 

When  several  abscesses  are  present,  unless  they  are  very  small,  one  is 
usually  much  larger  than  the  rest  and  determines  the  symptoms.  The  minute 
abscesses  which  are  occasionally  scattered  through  the  brain  in  great  num- 
bers in  pyaemia  seldom  cause  definite  symptoms. 

Rupture. — The  grave  disturbance  which  marks  the  terminal  period  is 
usually  due  to  the  occurrence  of  inflammatory  cedema  and  softening  round 
the  abscess,  induced  by  its  extension,  and  sometimes  by  some  secondary 
influence,  such  as  a  blow  on  the  head,  or  exposure  to  cold.     Death  is  some- 
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times  due  to  the  rupture  of  the  abscess,  the  frequency  of  which  has  been 
already  mentioned.  External  rupture  of  a  cerebral  abscess  may  cause  symp- 
toms of  violent  meningitis,  rapidly  fatal,  but  frequently  the  adhesions  of  the 
membranes  prevent  the  escape  of  the  pus  on  the  surface  of  the  brain.  A 
cerebellar  abscess  more  often  ruptures  into  the  membranes ;  and  the  acute 
purulent  inflammation  which  results  around  the  pons  and  medulla  usually 
causes  rigidity  of  the  neck,  retraction  of  the  head,  slight  opisthotonos,  and 
even  rigidity  of  the  masseters,  and  convulsive  shocks. 

Rupture  into  the  lateral  ventricles  occurs  in  abscesses  in  all  parts  of  the 
cerebrum,  but  is  especially  frequent  in  those  of  the  temporo-sphenoidal  lobe. 
The  symptoms  produced  bear  considerable  resemblance  to  those  of  ventricu- 
lar hemorrhage,  consisting  of  convulsions  and  of  coma  which  rapidly 
deepens  to  death. 

Occasionally  a  patient  with  abscess  of  the  brain  dies  suddenly  and  the 
post-mortem  examination  fails  to  reveal  the  mechanism  by  which  death  was 
produced. 

Course. — The  varieties  which  the  disease  presents  in  its  course  have 
been  already  mentioned.  They  may  be  divided  into  the  following  groups, 
between  which,  however,  intermediate  forms  occur  : — 

1.  Acute  abscess,  with  the  early  inflammatory  symptoms  progressing  with- 
out considerable  diminution  into  a  terminal  stage  and  the  whole  affection 
running  its  course  in  from  one  to  four  weeks. 

II.  Chronic  abscess,  in  which  a  latent  period  intervenes  between  the  early 
and  late  cerebral  disturbance,  and  in  which  the  early  symptoms  are  often  so 
slight  as  to  be  unnoticed. 

(a)  The  latency  is  incomplete  ;  some  chronic  cerebral  symptoms  occur, 
headache,  convulsions,  or  mental  depression,  and  these  increase  and  pass 
gradually  into  the  more  severe  terminal  stage. 

(p)  The  latency  is  complete  and  the  existence  of  any  cerebral  mischief 
may  be  unsuspected  until — 

i.  The  terminal  stage  develops,  usually  suddenly. 

2.  Or  death  occurs  from  the  cause  of  the  abscess  or  else  from  some  sudden 
effect  of  the  cerebral  lesion.  For  instance,  a  boy  was  struck  on  the  head  by  a 
cricket  ball ;  after  a  day  or  two  he  seemed  well.  Some  months  later  he  was 
found  on  his  face  in  bed,  dead,  a  sure  sign  of  death  from  a  convulsion. 
Post-mortem  an  abscess  of  the  brain  was  found. 

3.  Or  death  occurs  from  some  intercurrent  disease.  Such  cases  are 
extremely  rare.  Almost  invariably  death  is  the  result  of  the  abscess  or  its 
cause.  But  in  a  few  cases  the  abscess  has  remained  stationary  for  a  long 
time.  The  capsule  has  become  thick  and  even  calcified,  and  the  contents 
also  have  become  inspissated  and  probably  calcified.  Such  cases  are  the 
nearest  known  approximation  to  a  recovery  from  an  abscess.  But  the 
disease  is  still  there,  and  its  quiescence  can  hardly  be  accepted  as  proof  of 
entire  innocuity,  since  death  has  resulted  from  an  abscess  after  a  latent 
period  of  twenty  years. 

When  nervous  symptoms  are  once  developed  they  usually  run  a  rapid 
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course.  Taking  all  cases  in  which  the  duration  was  noted,  the  symptoms 
last  less  than  five  days  in  20  per  cent,  (a  fifth),  in  33  per  cent,  (a  third)  they 
do  not  exceed  ten  days,  in  about  half  the  cases  they  do  not  exceed  a  fort- 
night, and  in  three-quarters  of  the  cases  they  do  not  exceed  a  month.  On 
the  whole,  the  symptoms  are  more  often  rapid  in  chronic  abscess  from  ear 
disease  (in  which  they  usually  succeed  a  latent  stage)  than  in  traumatic  cases 
(in  which  there  is  often  no  latency).  Of  traumatic  cases,  only  an  eighth  lasted 
less  than  five  days,  a  quarter  did  not  exceed  ten  days,  and  five-eighths  did 
not  exceed  a  month.  On  the  other  hand,  of  cases  secondary  to  ear 
disease,  in  no  less  than  a  quarter  the  symptoms  lasted  less  than  five  days,  in 
a  third  they  did  not  exceed  ten  days,  and  in  seven-eighths  they  did  not 
exceed  a  month. 

Diagnosis. — The  extreme  variability  and  frequent  latency  of  the  course 
of  cerebral  abscess  often  render  its  diagnosis  difficult  and  even  impossible, 
and  no  brain  disease  of  equal  extent  and  gravity  so  often  escapes  recogni- 
tion. The  cerebral  symptoms  are  in  themselves  equivocal,  and  are  common 
to  other  diseases,  as  simple  inflammation  and  growth.  They  may  derive 
significance  from  their  association  with  general  symptoms  suggesting  a 
suppurative  process,  especially  fever  and  rigors.  But  the  most  important 
element  in  the  diagnosis  is  the  combination  of  these  cerebral  symptoms  with 
a  cause  which  is  known  to  be  capable  of  giving  rise  to  cerebral  abscess, 
especially  chronic  ear  disease,  suppuration  in  the  lungs  or  elsewhere,  or  pre- 
ceding injury.  Fortunately,  such  indications  are  present  in  about  three- 
quarters  of  the  cases.  The  greatest  difficulty  is  presented  by  those  in  which 
the  stage  of  latency  is  complete,  and  the  terminal  symptoms  are  sudden  in 
their  onset  and  rapid  in  their  course ;  the  indications  of  a  chronic  cerebral 
disease  are  absent  and  the  terminal  symptoms  resemble  those  of  apoplexy. 
This  is  sometimes  the  case  when  sudden  rupture  into  the  ventricles  causes 
only  convulsions,  coma  and  death.  The  nature  of  such  a  case  can  be  sus- 
pected only  when  a  cause  for  abscess  exists.  It  is  more  common  for  slight 
symptoms  to  have  preceded  the  terminal  attack,  and  these  increase  much  the 
probability  of  the  diagnosis.  In  many  cases,  moreover,  an  ophthalmoscopic 
examination  would  reveal  optic  neuritis,  a  proof  (in  the  absence  of  renal 
disease)  that  there  is  other  disease  than  a  mere  vascular  lesion. 

When  chronic  brain  symptoms  are  pronounced,  the  chief  distinction  has 
to  be  from  tumor.  Here  also  the  etiology  is  of  great  importance.  The 
absence  of  any  cause  is  in  favor  of  tumor,  and  the  only  cause  which  gives 
rise  to  both  diseases  is  injury.  Although  tumor  is  much  less  frequently  the 
result  of  injury  than  is  abscess,  yet  the  absolutely  greater  rarity  of  abscess 
compensates  for  the  difference,  and  the  absolute  frequency  of  chronic  abscess 
and  growth,  after  injury,  is  probably  nearly  the  same.  Hence,  in  this  case, 
the  symptoms  must  be  the  chief  guide.  Definite  focal  symptoms,  slowly 
increasing,  especially  with  progressive  paralysis  of  cranial  nerves,  are  in 
favor  of  tumor  rather  than  of  abscess,  and  so  also  in  very  intense  optic 
neuritis.  The  rapid  development  of  severe  cerebral  symptoms,  after  slight 
indications  of  brain  disease  have  existed  for  some  time,  is  in  favor  of  abscess, 
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especially  if  accompanied  by  considerable  fever  and  by  rigors.  Retro- 
gression of  severe  symptoms  is  in  favor  of  tumor,  in  which  they  are  often 
caused  by  intercurrent  meningitis.  If  the  symptoms  are  equivocal,  and 
etiology  gives  no  help,  the  greater  frequency  of  tumor  turns  the  diagnostic 
scale. 

Meningitis  and  abscess  may  readily  be  confounded,  and  not  without  reason, 
since  meningitis  may  cause  the  terminal  symptoms  of  abscess,  and  it  may 
result  alone  from  the  most  frequent  causes  of  abscess,  injury  and  caries  of 
bone.  The  distinction,  therefore,  cannot  always  be  absolute.  Preceding 
symptoms  are  of  longer  duration  in  abscess,  and  meningitis  affects  the  cranial 
nerves  in  greater  degree,  unless  the  abscess  is  seated  in  the  pons.  The 
terminal  meningitis  which  results  from  abscess  is  usually  purulent  and  due  to 
rupture;  it  is  more  rapid  in  its  course  than  that  which  exists  alone,  and  the 
cerebral  symptoms  which  often  precede  it  materially  assist  the  diagnosis. 
When  these  are  absent  the  diagnosis  may  be  as  impossible  as  in  the  cases  in 
which  there  are  only  terminal  symptoms  of  apoplectic  character. 

The  distinction  from  simple  inflammation  of  the  brain  (acute  red  softening) 
has  to  be  made  chiefly  in  the  cases  of  acute  traumatic  abscess.  Since  both 
these  conditions  often  precede  or  accompany  suppuration  due  to  injury,  the 
diagnosis  consists  less  in  a  distinction  between  the  two  than  in  the  recogni- 
tion of  the  indications  of  suppuration  over  and  above  those  of  inflammation. 
One  of  these  is  afforded  by  the  duration  of  the  symptoms.  Prolonged 
traumatic  inflammation  of  the  substance  of  the  brain  usually  results  in 
suppuration,  and  hence,  if  severe  local  symptoms  continue  for  more  than 
ten  days,  the  formation  of  pus  is  probable.  Another  is  the  presence  of  the 
general  symptoms,  especially  rigors,  that  usually  attend  suppuration.  A 
third  is  the  subsidence  of  the  acutest  disturbance,  while  slighter  symptoms 
persist  and  subsequently  increase. 

The  difficulty  of  distinguishing  the  existence  of  abscess  in  a  case  of  chronic 
ear  disease  is  sometimes  very  great,  because  some  general  cerebral  symptoms 
are  occasionally  produced  by  the  ear  disease,  and  these  may  include  (strange 
to  say)  distinct  optic  neuritis.  It  is,  indeed,  impossible  to  lay  down  any 
absolute  diagnostic  rules  for  these  cases.  The  important  fact  is  that  pro- 
nounced cerebral  symptoms,  and  especially  considerable  optic  neuritis,  are 
exceedingly  rare  results  of  simple  ear  disease,  and  in  nine  cases  out  of  ten  in 
which  they  are  found,  an  abscess  exists. 

Functional  diseases  and  abscess  can  only  be  confounded  in  the  rare  cases 
in  which  slight  general  disturbance,  such  as  convulsions  or  melancholia, 
attend  the  latent  stage,  and  the  distinction  can  only  be  made  by  the 
recognition  of  some  other  symptom,  such  as  persistent  headache  or  optic 
neuritis. 

Cerebral  abscess  can  only  be  mistaken  for  a  general  disease,  febrile  or 
septic,  in  cases  in  which  such  general  brain  symptoms  alone  are  present  as 
might  be  produced  by  a  toxic  blood  state.  Usually,  however,  the  coexist- 
ence of  headache  with  delirium  and  stupor,  and  retardation  of  the  pulse, 
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will  prevent  this  error,  if  the  general  relation  of  the  symptoms  is  carefully 
watched  and  duly  weighed. 

Prognosis. — In  a  case  of  abscess,  the  diagnosis  of  which  is  certain,  the 
prognosis  is  most  grave  unless  the  surgeon  can  give  relief.  This  conclusion 
is  not  invalidated  by  the  very  long  latency  occasionally  met  with,  because, 
in  the  few  cases  in  which  this  has  continued  for  several  years,  symptoms  have 
been  completely  absent  during  the  stationary  period,  so  that  the  diagnosis  of 
the  disease  was  impossible.  Only  in  the  extremely  rare  cases  in  which  rela- 
tive subsides  into  absolute  latency  can  the  prognosis  be  at  all  hopeful,  even 
as  to  the  duration  of  life.  The  longer  a  stationary  abscess  lasts  the  thicker 
is  its  capsule,  and  the  less  easily  is  fresh  mischief  excited.  The  proved 
occurrence  of  calcification  of  the  wall,  and  inspissation  of  the  contents, 
together  with  the  fact  that  an  abscess  may  remain  latent  for  as  long  as 
twenty  years,  permits  the  hope  that,  in  some  cases  at  least,  the  abscess  may 
not  shorten  life,  and  such"  hope  may  reasonably  be  somewhat  stronger  if  the 
cause  of  the  abscess  has  ceased  to  be  active. 

Treatment. — Although  almost  beyond  the  range  of  direct  treatment, 
abscess  of  the  brain  is  not  altogether  beyond  the  range  of  prevention,  when 
due  to  its  most  frequent  cause,  local  bone  disease.  This  should  be  subjected 
to  treatment,  sedulous  and  persevering,  and,  above  all,  the  free  discharge  of 
the  products  of  suppuration  should  be  carefully  secured,  by  due  and  constant 
attention  to  the  freedom  of  exit.  This  remark  applies  especially  to  ear  dis- 
ease, in  which  the  first  cerebral  symptoms  have  often  followed  an  arrest  of 
the  discharge.  These  measures  should  be  continued,  even  when  there  is 
reason  to  fear  that  suppuration  in  the  brain  has  already  occurred,  for  the 
unfavorable  course  of  cerebral  abscess  has  been  certainly  accelerated  by  sub- 
sequent increase  in  the  inflammatory  and  septic  mischief  in  the  ear. 

The  improvement  of  the  health  of  the  patient  is  of  the  greatest  import- 
ance. Tonics,  cod-liver  oil,  and  fresh  air,  tend  thus  to  lessen  the  tendency 
of  the  cerebral  disease  to  spread.  Of  especial  importance  also  is  the  avoid- 
ance of  exposure  to  cold,  and  of  blows  or  falls  on  the  head.  Each  of  these 
causes,  in  several  recorded  instances,  has  distinctly  excited  the  disease  to 
fresh  progress.  If  the  symptoms  should  fortunately  become  quiet  and  com- 
plete latency  be  developed,  the  same  care  must  be  maintained  for  years. 

Acute  cerebral  symptoms  must  be  treated  in  the  same  way  as  those  that 
are  due  to  simple  inflammation.  Rest,  cold  to  the  head,  sometimes  counter- 
irritation,  as  by  a  blister  to  the  occiput,  are  the  most  important  measures. 
The  treatment  of  special  symptoms  must  be  conducted  on  the  same  princi- 
ples as  in  the  case  of  cerebral  tumor. 

Surgery  has  endeavored,  and  with  success,  to  afford  the  direct  relief  which 
medicine  is  unable  to  give.  The  pus  has  been  evacuated  by  means  of  trephin- 
ing and  the  patients  have  recovered.  But  success  has  been  obtained  almost 
exclusively  in  cases  of  traumatic  abscess.  In  these,  the  abscess  is  seated,  as  a 
rule,  beneath  the  place  of  injury,  and  the  guidance  thus  afforded  enables  the 
operation  to  be  exactly  localized.  For  instance,  a  boy  struck  his  forehead  and 
suffered  afterward  from  headache  and  retching.     At  the  end  of  seven  weeks 
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Figs.  296,  297. 


hemiplegia  came  on,  with  double  optic  neuritis.    The  frontal  bone  was  tre- 
phined; the  dura  mater  beneath  was  healthy,  but  an  aspirator  needle  being 
plunged  into  the  brain  three  drachms  of  pus  escaped.    The  boy  recovered, 
but  with  loss  of  sight  from  the  optic  neuritis.*     This  case  illustrates  forcibly 
a  rule  which  is  also  indicated  by  the  facts  of  many  unsuccessful  cases.     If  pus 
is  not  found  on  the  surface  of  the  brain  a  fine  trocar  is  plunged  into  the  cere- 
bral substance.     In  more  than  one  case  of  unsuccessful  trephining  the  post- 
mortem showed  that  this  procedure  would  have  reached  the  abscess.     Occa- 
sionally the  operation  has  merely  aided  a  process  which  nature  was  endeav- 
oring to  effect.     For  instance,  a  girl,  aged  eight,  fell  and  cut  her  forehead. 
The  wound  healed  quickly,  but   four  months  afterward  an  abscess  formed 
over  the  bone,  and  opened  spontaneously.     A  probe  passed  through  carious 
bone  into  the  interior  of  the  skull.     The  trephine  was  applied,  a  wineglass 
of  pus  escaped,  and  the  patient  recovered. f      In  any  other  than  traumatic 
cases,  it  is  seldom  that  the  symptoms  are  so  localized  as  to  indicate  with  pre- 
cision the  seat  of  the  abscess.    I 
am  aware  of  no  case  in  which 
the  indications  of  cerebral  locali- 
zation   have  alone   guided    the 
operator  successfully.    The  most 
they  have   done  is  to  corrobo- 
rate the  indications  of  local  in- 
jury, and  in  these  cases  they  have 
been  more  useful  in  strengthen- 
ing the   surgeon's  will    than  in 
guiding   his    hand.     Roser,    in- 
deed, has  been  led,  by  a  detailed 
study  of    the    question,   to  the 
conclusion    that    trephining    is 
only  justified  when  there  is  actu- 
ally a  foreign  body  to  indicate 
the  precise  locality  of  the  abscess. 
This  is  certainly  an  error  on  the 
side  of  caution,  as  is  shown  by 
Hulke's  case,  given  above. 

Until  recently  no  case  of  ab- 
scess from  ear  disease  had  been 
cured  by  trephining.     The  prac- 
ticability of  the  surgical    treat- 
ment of  these  cases  has,  however, 
now  been  proved.      In  a  case 
recently  under  my  care  at  University  College  Hospital,  Mr.  Barker  trephined 
over  the  tem.poro-sphenoidal  lobe,  in  which  an  abscess  was  supposed  to  be, 
and  the  trocar,  on  its  first  introduction,  reached  the  pus;  the  abscess  was 


FiW  Iw  a"df97.-Dissectior>sshowing  the  guide  adopted 
by  Mr.  Barker  in  successful  trephining  for  abscess  trom 
ear  disease. 


*  Hulke,  Medico-Chirurgical  Trans.,  vol.  Ixii,  1879.  f  Watson,  it.,  1870,  p.  353. 
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emptied,  and  the  patient  made  a  good  and  apparently  a  perfect  recovery. 
The  cerebral  symptoms  were  slight,  as  in  most  cases  of  abscess  in  this 
situation,  and  consisted  only  in  inequality  of  the  pupil,  vomiting,  and 
optic  neuritis  of  considerable  intensity  and  very  rapid  development.  With 
these  symptoms  the  patient  had  had  several  rigors.  The  precise  seat  for  the 
trephining  was  determined  by  Mr.  Barker,  by  means  of  a  careful  dissection, 
represented  in  Figs.  296  and  297,  and  was  at  a  point  one  inch  and  a  quarter 
behind  the  external  auditory  meatus,  and  the  same  distance  above  its  level. 
This  point  is  over  the  second  temporal  convolution,  and  a  trocar  plunged 
in  at  this  spot  and  directed  forward  will  probably  enter  an  abscess.  The 
details  of  the  surgical  procedure  will  be  found  in  the  paper  *  in  which  this 
case  is  detailed.  Another  successful  case  has  since  been  published  by  Dr. 
Greenfield. f 


INTRACRANIAL  TUMORS. 

The  brain  is  often  damaged  by  new  growths  which  arise  in  its  substance 
or  spring  from  the  enclosing  membranes  or  from  the  bone  of  the  skull. 
Almost  all  forms  of  tumor  are  met  with,  but  some,  simple  fatty  tumors,  for 
instance,  that  are  common  elsewhere,  are  extremely  rare  in  this  situation. 
Others,  such  as  massive  tubercular  growths,  are  more  common  in  the  brain 
than  in  other  parts.  Sarcoma  is  not  rare,  and  one  variety,  glioma,  is  almost 
confined  to  the  brain  and  spinal  cord,  being  met  with  elsewhere  only  in  the 
retina.  Besides  these,  the  list  of  intracranial  tumors  includes  syphilitic 
growths,  which  are  also  common,  cancer,  fibroid  and  bony  tumors,  choles- 
teatoma, vascular  or  erectile  growths,  psammomata  or  tumors  containing 
brain-sand,  and  parasitic  tumors,  echi-nococci  and  cysticerci.  Intracranial 
aneurisms  are  considered  in  a  separate  chapter. 

Etiology. — The  cause  of  most  of  these  tumors  is  not  less  obscure  than 
that  of  similar  growths  in  other  situations.  But  the  comparison  of  a  series 
of  cases  brings  out  certain  general  etiological  facts.  The  liability  of  males 
to  suffer  is  twice  as  great  as  that  of  females.  Of  650  cases  of  various  forms 
of  intracranial  tumor,  440  occurred  in  males,  210  in  females.!  The  greater 
liability  of  males  is  not  due,  as  might  be  imagined,  to  the  influence  of 
syphilis,  for  it  is  true  (as  will  be  seen)  of  all  forms  of  tumor,  with  the  appar- 
ant  exception  of  sarcoma.  The  difference  has  been  ascribed  to  the  influence 
of  traumatic  causes,  but  it  is  not  probable  that  this  influence  accounts  for 
more  than  a  small  part  of  the  excess,  since  it  is  rarely  to  be  traced,  and  the 


*  British  Medical  Journal,  18S6,  ii,  Dec.  nth,  p.  1154. 

f  British  Medical  Journal,  1887,  i,  p.  3'7-  I"  a  preceding  case  trephined  successfully 
by  Schede,  a  fistulous  tract  led  from  the  surface  to  the  abscess. 

%  This,  and  the  other  statistical  conclusions  given  in  the  text,  have  been  obtained  by  a 
fresh  analysis  of  the  cases  contained  in  the  collections  made  by  Ladame  ("  Symptomatology 
und  Diagnostik  der  Hirngesclwulste,"  WUrzburg,  1865)  and  Bernhardt  f  Bejtrage  zur 
Sympt.  und  Diag.  der  Himgeschwulste,"  Berlin,  1881). 
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difference  in  the  sexual  liability  is  as  marked  in  the  case  of  children  as  in 
that  of  adults. 

This  difference  is  not,  however,  equally  marked  in  all  forms  of  tumor.  It 
is  greatest  in  the  case  of  tubercle  and  of  glioma.  Of  1 7 1  cases  of  tubercular 
tumors,  119  (or  69.5  per  cent.),  and  of  65  cases  of  glioma,  45  (or  69.2  per 
cent.)  were  in  males.  Of  23  cases  diagnosed  as  cancer  and  apparently  such, 
16  were  in  males.  On  the  other  hand,  of  56  cases  of  sarcoma  26  were  in 
males  and  25  in  females. 

No  time  of  life  is  exempt,  unless  it  be  the  first  six  months;  but  cerebral 
tumors  are  not  common  in  old  age.  The  largest  number  of  cases  occur  in 
childhood  and  in  the  active  period  of  adult  life.  The  first  twenty  years 
furnish  one-third  of  the  cases,  the  second  two-fifths,  and  the  third  one-fifth. 
The  proportion  in  the  first  decade,  18.5  per  cent.,  falls  to  14  in  the  second, 
and  rises  to  a  maximum  of  20  in  the  third.  In  the  fourth  it  is  the  same  as 
in  the  first,  18.5  percent.,  and  it  falls  to  14  percent,  in  the  fifth,  while  after 
fifty  years  of  age  the  cases  rapidly  become  less  numerous.  The  frequency 
in  early  life  is  largely  due  to  the  fact  that  at  this  period  tubercular  growths 
are  so  common  ;  if  these  are  excluded  the  proportion  in  the  first  twenty 
years  of  life  falls  to  one-fifth,  while  that  in  the  second  rises  to  one-half, 
and  that  in  the  third  to  one-quarter  of  the  total  number.  Age  has  little 
influence  in  relation  to  sex.  The  relative  affection  of  males  and  females 
is  nearly  the  same  in  each  period  of  life,  but  there  is  a  marked  tendency, 
as  in  so  many  diseases,  for  the  sexual  difference  of  the  early  and  adult 
periods  to  disappear  in  the  decline  of  life ;  over  fifty  the  two  sexes  suffer 
equally. 

Tubercular  tumors  of  the  brain  occur  at  all  ages  up  to  seventy,  but,  as 
just  mentioned,  they  are  most  frequent  in  early  life.  Three-quarters  of  the 
cases  occur  during  the  first  twenty  years,  and  in  one-half  of  the  whole  the 
patients  are  under  ten  years  of  age.  Glioma  is  most  common  during  active 
adult  life;  one-half  of  the  cases  occur  between  twenty  and  forty,  one-quar- 
ter between  forty  and  sixty,  and  one-fifth  during  the  first  twenty  years.  The 
relative  distribution  of  the  cases  of  sarcoma  is  nearly  the  same  as  that  of 
glioma.  Parasitic  tumors  are  most  common  between  ten  and  twenty,  next 
between  twenty  and  thirty,  while  under  ten  and  over  thirty  they  are  very 
rare.  The  youngest  sufferer  was  aged  six,  the  oldest  sixty-six.  Tumors 
diagnosed  as  carcinoma  have  been  met  with  at  all  ages,  but  one-half  were  in 
patients  between  forty  and  sixty  years  of  age,  and  only  two  in  the  first  twenty 
years  of  life.  The  other  forms  of  tumor  are  too  rare  to  permit  their  rela- 
tion to  age  to  be  stated,  further  than  that  none  of  them  seem  to  have  been 
met  with  hitherto  in  patients  under  twenty. 

Two  forms  of  cerebral  tumor,  tubercular  and  syphilitic  growths,  depend 
upon  diathetic  influences.  In  most  cases  of  tubercular  tumors  there  is  a 
family  history  of  phthisis;  the  patients  are  frequently  ill-nourished,  and  if 
adults,  often  present  evidence  of  chronic  lung  disease.  Syphilitic  growths, 
although  not  unknown  in  the  inherited  form,  occur  chiefly  in  the  acquired 
disease.     The  period  after  infection  at  which  they  develop  is  especially  from 
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the  fifth  to  the  twelfth  year,  but  they  have  been  met  with  as  early  as  twelve 
months  and  as  late  as  fifteen  years  after  the  primary  sore. 

Little  is  known  of  the  influences  which  determine  the  occurrence  of  other 
forms  of  intracranial  tumor.  It  is  rare  for  any  indication  to  be  obtained  of 
an  inherited  tendency  to  morbid  growths  elsewhere.  There  is  little  doubt, 
however,  that  traumatic  influences,  falls  and  blows  on  the  head,  are  occa- 
sionally the  immediate  excitants  of  a  growth,  since  the  symptoms  have  been 
observed  to  follow  a  blow,  and  the  tumor  is  found  to  correspond  in  position 
to  the  seat  of  the  injury.  Such  a  relation  has  been  observed  in  almost  all 
forms  of  tumor,  in  syphilitic  and  tubercular  growths,  as  well  as  in  those 
which  are  supposed  to  be  of  purely  local  origin.  Traces  of  the  traumatic 
mischief  may  or  may  not  be  visible  after  death,  and  apparently,  the  nutritive 
changes  consequent  on  a  mere  concussion  may  be  the  starting-point  of  a 
tumor.  But  the  cases  in  which  a  traumatic  cause  can  be  traced  form  a  very 
small  proportion  of  the  total  number,  and  the  extent  of  this  influence  may 
readily  be  overrated. 

Pathology. — Various  classifications  of  intracranial  growths  have  been 
proposed,  founded,  for  the  most  part,  on  the  structures  in  which  they 
originate,  but  such  classifications  are  of  small  practical  value.  It  is  more 
convenient  to  describe  the  various  growths  in  the  order  of  their  frequency. 
If  they  are  to  be  grouped,  as  an  aid  to  memory,  they  may  be  placed  in  six 
categories: — 

I.  Diathetic — Tubercular  and  syphilitic. 
II.  Sarcomatous — Glioma,  sarcoma,  myxoma. 

III.  Carcinoma. 

IV.  Osteo-fibroid — Fibroma,  osteoma,  osteo-fibroma. 

V.  Miscellaneous — Cholesteatoma,  lipoma,  vascular  or  erectile  tumors, 
psammoma,  neuroma. 

VI.  Parasitic — Echinococcus  and  cysticercus. 

Excluding  syphilitic  growths  (the  frequency  of  which  is  not  fairly  repre- 
sented in  published  lists  of  fatal  cerebral  tumors),  tubercular  growths  consti- 
tute more  than  half  the  total  number  of  cases,  and  gliomata  and  sarcomata 
together  about  a  third,  glioma  being  rather  more  frequent  than  sarcoma. 
Thus  the  two  groups,  tubercular  and  sarcomatous,  constitute  together  about 
four-fifths  of  non-syphilitic  tumors  of  the  brain.  Carcinoma  is  much  less 
common,  but  its  actual  frequency  is  uncertain,  since  many  cases  of  glioma 
and  of  sarcoma  have  certainly  been  recorded  as  cancer  by  older  writers. 
The  statement  sometimes  made  that  cancer  is  one  of  the  most  common 
forms  of  cerebral  tumor  is  entirely  unsupported  by  authenticated  facts. 
According  to  published  cases,  parasitic  tumors  are  nearly  as  frequent  as  car- 
cinoma, but  their  actual  frequency  doubtless  varies  much  in  different 
localities,  and  they  are  more  likely  to  be  published  than  are  cases  of  cancer. 
The  other  forms  of  tumor  are  rare ;  all  that  can  be  said  is  that  fibroma, 
cholesteatoma,  and  osteoid  tumors  are  more  common  than  vascular  tumors 
(angioma),  psammoma.  lipoma,  or  neuroma,  the  last  two  being  the  most 
rare  of  all  the  tumors  of  the  brain. 
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The  relative  frequency  with  which  tumors  are  situated  in  different  parts  of 
the  brain  is  as  follows  :  Cerebral  hemispheres  (excluding  central  ganglia), 
297;  cerebellum,  179;  pons,  59;  central  ganglia,  48;  medulla  oblongata, 
31  ;  corpora  quadrigemina,  13  ;  crus  cerebri,  10.  Thus  the  cerebral  hemi- 
spheres are  the  most  frequent  seat  of  new  growths,  but  when  the  smaller 
bulk  of  the  cerebellum  is  considered,  its  tissue  is  evidently  far  more  prone 
to  give  rise  to  neoplasms  than  is  that  of  the  cerebrum. 

If  we  take  all  forms  of  intracranial  tumor,  the  relative  frequency  with 
which  the  lesion  affects  the  different  parts  of  the  brain  is  as  follows.  Of 
718  separate  growths  (several  existing  in  some  instances),  the  order  of 
damage  was:  cerebral  hemispheres  (white  substance  and  cortex),  297; 
cerebellum,  179;  base  of  brain,  76;  pons,  59;  central  ganglia,  48;  me- 
dulla oblongata,  31  ;  corpora  quadrigemina,  13  ;  crus,  10.  Growths  are 
also  occasionally  met  with  in  the  pineal  gland,  pituitary  body,  and  the 
choroid  plexus. 

Tubercular  tumors  of  the  brain  occur  in  the  form  of  solid,  firm,  rounded 
masses,  having  little  resemblance  to  tubercle  in  its  miliary  form.  They  vary 
in  size  from  that  of  a  nut  to  the  size  of  a  walnut,  and  occasionally  attain 
still  larger  dimensions,  that  of  a  hen's  egg,  or  even  of  the  closed  fist. 
Their  section  presents  a  uniform,  opaque,  cheesy  aspect,  sometimes  softened 
here  and  there,  but  never  in  a  large  area.  The  periphery  of  the  mass  is 
softer,  grayish,  and  translucent,  and  the  adjacent  brain  tissue  may  be  soft- 
ened. Hence  they  are  readily  detached.  It  is  in  this  gray  zone  that  the 
growth  of  the  tumor  occurs  by  the  development  and  coalescence  of  miliary 
granulations,  which  quickly  degenerate  and  blend  with  the  caseous  mass. 
The  growth  apparently  takes  place  in  the  lymphatic  sheaths  of  vessels,  and 
within  the  vessels  thrombosis  may  occur.  Hence  the  absence  of  vessels 
within  the  mass,  and  the  quick  and  uniform  degeneration  of  its  elements. 
If  such  a  tumor  ceases  to  grow,  the  peripheral  layer  may  undergo  a  fibroid 
change  so  as  to  form  a  capsule.  Occasionally  the  degenerated  mass  under- 
goes partial  calcification.  Rarely  the  tissue  softens,  and  a  collection  of  pus 
results,  increased,  perhaps,  by  adjacent  inflammation.  Usually  miliary 
tubercle  is  found  elsewhere  in  the  body,  sometimes  in  the  meninges.  Oc- 
casionally these  growths  (like  bone  disease)  may  be  the  sole  lesion,  and  hence 
they  are  sometimes  called  "scrofulous"  tumors,  but  of  their  tubercular 
nature  there  is  no  doubt.  They  compress  the  brain  tissue,  which  atrophies 
before  the  growth  (Fig.  298) ;  they  do  not  infiltrate  like  some  other  tumors. 
They  generally  occur  within  the  cerebral  substance,  without  connection 
with  the  membranes  ;  very  rarely  a  small  growth  springs  from  the  pia  mater. 
Now  and  then  they  spring  from  the  dura  mater  and  merely  compress  the 
brain  without  invading  it. 

The  most  frequent  seat  of  tubercular  tumors  is  the  cerebellum,  either  the 
hemisphere  or,  as  in  Fig.  298,  the  middle  lobe ;  next  (and  almost  as  frequent) 
the  cerebrum  ;  while  the  other  parts  are  affected  less  frequently  and  in  the 
following  order;  pons,  central  ganglia,  crura  cerebri,  medulla  oblongata,  and 
corpora  quadrigemina.     There  is  frequently  more  than  one  tumor.     Of  183 
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cases,  in  83  there  was  only  one  tumor,  in  100  there  were  more  than  one. 
It  is  equally  frequent  for  there  to  be  two  or  more  than  two,  and  there  may 
be  many — ten,  twelve,  or  even  twenty, 
of  various  sizes.  When  there  are  more 
than  one  it  is  equally  frequent  for  the 
tumors  to  occupy  the  same  or  different 
parts  of  the  brain  (the  white  substance 
and  cortex  of  the  cerebral  hemispheres 
being  considered  as  one  part).  In  very 
rare  cases  there  has  been  no  mass  of 
tubercle,  but  the  whole  brain  was  infil- 
trated with  minute  miliary  concretions, 
none  exceeding  a  barley-corn   in   size 

(Gee,  Baly\  Tubercular   tumor  of    the    middle  lobe    of    the 

.  cerebellum.     The  patient,  a  young  child,  was 

Syphilitic  growths  (sypllllomata,  gum-       admitted  into  University  College  Hospital  dying 

from  general  tuberculosis.     P.  Pons. 

mata)  are  certainly  more  common  than 

is  suggested  by  the  frequency  with  which  they  are  found  post-mortem, 
because  they  are  more  amenable  to  treatment  than  any  form  of  tumor. 
They  vary  in  size  from  that  of  a  nut  to  that  of  a  chestnut ;  in  shape  they  are 
somewhat  irregular  and  nodular.  Their  consistence  is  not  uniform  ;  they 
are  firm,  but  not  equally  so  in  all  parts.  The  section  presents  an  irregular 
caseation  ;  cheesy  spots,  isolated  or  coalescing  into  irregular  tracts,  are 
separated  by  a  firm,  gray  or  reddish-gray  fibrous  tissue.  The  growing  sur- 
face is  usually  gray  and  gelatinous.  The  adjacent  brain  substance  is  softened 
and  more  or  less  displaced,  but  is  not  infiltrated  by  the  growth.  The  more 
irregular  surface  and  the  irregular  caseation  are  distinctions  from  tubercular 
tumors.  Sometimes  these  tumors  are  met  with  in  a  state  of  more  advanced 
degeneration,  probably  under  the  influence  of  treatment ;  they  are  shrunken, 
very  hard,  and  fibroid,  and  may  be  surrounded  by  an  indurated  capsule. 
The  process  of  obsolescence  may  go  so  far  that  only  an  indurated  cicatrix  is 
left.  Syphilomata,  rare  in  the  cerebellum  and  central  ganglia  of  the  brain, 
are  commonly  situated  in  the  cerebral  hemispheres  or  the  pons.  They  are 
usually  superficial  in  position  and  attached  to  the  pia  mater ;  even  when 
apparently  more  deeply  seated  a  connection  may  usually  be  traced  with  a 
fold  of  pia  mater  between  two  convolutions.  The  dura  mater  is  often  adhe- 
rent to  the  growth,  which  sometimes  has  obviously  commenced  in  this  mem- 
brane and  tbence  invaded  the  brain.  In  such  a  case  the  invasion  may  be 
clearly  observed  to  take  place  along  the  walls  of  vessels,  probably  in  the 
perivascular  sheaths.  Hence  it  is  probable  that  in  the  very  rare  cases  in 
which  no  connection  with  membranes  can  be  traced,  the  growth  proceeds 
.from  the  vessels.  These  tumors  are  rarely  met  with  in  the  central  ganglia, 
but  occasionally  occur'  about  the  optic  thalamus,  as  an  ingrowth  from  the 
neighborhood  of  the  crus.  When  the  growth  is  superficial,  the  membranes 
in  the  vicinity  often  present  the  indications  of  chronic  inflammation  with 
much  thickening. 

The  sarcomatous  group  comprehends  a  variety  of  tumors  differing  much  in 
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Fig.  299. 


structure,  but  all  connected  by  intermediate  forms.  They  consist  of  round, 
oval,  or  spindle  cells,  varying  in  delicacy,  and  with  a  more  or  less  inter- 
cellular and  fibroid  tissue.  There  is,  however,  an  important  difference  in 
their  mode  of  growth.  Some  infiltrate  without  displacing  the  cerebral  sub- 
stance, and  have  no  sharp  outline.  Others  displace  rather  than  invade  the 
brain  ;  have  a  well-marked  outline,  and  are  surrounded  by  a  zone  of  soften- 
ing in  consequence  of  the  destruction  of  the  nerve  elements  before  the 
morbid  growth.  The  former,  from  their  infiltrating  character,  must  grow 
in  the  neuroglia,  and  arise  by  a  modification  of  its  elements.  Hence  they 
are  termed  gliomata,  and  the  tumors,  before  which  the  brain  tissue  under- 
goes destruction  or  displacement,  are  alone  to  be  regarded  as  true  sarcomata. 
The  former  are  composed  of  more  delicate,  the  latter  of  less  delicate,  tissue 
elements. 

Gliomata. — The  infiltrating  character  of  gliomata  was  not  that  on  which 
their  designation  was  primarily  based.  Their  elements  were  supposed  to 
resemble  those  of  the  neuroglia;  but  the  resemblance  is  never  close,  and 
they  rarely  present  the  stellate  cells  which  characterize  the  normal  inter- 
stitial tissue  of  the  brain.  Their  elements  vary  as  much  as  do  those  of 
other  forms  of  sarcoma;  sometimes  round,  oval,  or  fusiform  cells  predom- 
inate or  may  alone  be  visible.  But 
the  cells  are  always  delicate,  their 
outlines  are  difficult  to  recognize,  and 
they  are  easily  destroyed,  so  that  their 
round  or  oval  nuclei  may  alone  be 
visible  in  a  scraping.  The  interstitial 
tissue  varies  in  amount ;  it  is  usually 
very  delicate  and  homogeneous,  but 
sometimes  is  so  abundant  that  the 
tumor  has  a  mucoid  character  (myxo- 
glioma),  rarely  fibrous  (fibro-glioma). 
Their  tint  is  gray  or  reddish  gray,  and 
often  closely  resembles  that  of  the 
brain  tissue,  being  a  little  paler  than 
the  gray  matter  of  the  cortex,  and 
their  consistence  is  nearly  that  of  the 
cerebral  substance.  The  rare  fibroid 
form  is  firmer  ;  the  mucoid  form  softer 
than  the  brain.  Moreover,  they  are 
prone  to  undergo  softening,  which  may 
be  so  considerable  and  extensive  as  to 
convert  the  growth  into  a  cyst,  the 
wall  composed  of  new  growth,  and 
containing,   in    its    cavity,    only  the 

Infiltrating  glioma  of  the  cortex  of  the  left  superior  debris    of    its    cells.       Tile    tint    of  the 
parietal  lobe. 

tumor  depends  on  the  varying  amount 
of  vessels  which  it  contains.     In  soft  tumors  the  vessels  easily  rupture  and 
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give  rise  to  hemorrhage,  so  that  extravasation  may  infiltrate  a  large  part  of 
the  growth  (as  in  Fig.  300),  or  an  extensive  hemorrhage  may  occupy  a  cavity 
with  it.  It  is  rare,  however,  for  the  hemorrhage  to  escape  beyond  the  limit 
of  the  growth.  From  the  infiltrating  character  of  a  glioma,  it  usually 
causes  simple  enlargement  of  the  part  of  the  brain  in  which  it  occurs ; 
adjacent  parts  may  be  compressed  by  the  enlargement,  and  may  be  dis- 
placed to  some  extent  (as  in  Fig.  303),  but  there  is  not  such  simple  displace- 
ment as  by  non-infiltrating  growths.  When  the  pons  is  the  seat  of  the  new 
growth,  the  whole  of  the  pons  may  be  greatly  enlarged ;  the  basilar  artery 
may  restrain  the  swelling,  and  ultimately  be  concealed  in  the  bottom  of  a 
deep  fissure  between  the  two  parts,  as  in  Fig.  302.     When  a  glioma  reaches 


Figs.  300,  301. 


Figs.  300,  301. — Infiltrating  glioma  of  the  pons.  The 
dotted  shading  on  the  upper  surface  indicates  the 
position  of  an  hemorrhagic  infiltration. 


Fig.  302. 


Glioma  of  the  pons.  V,  V,  vertebral  arteries, 
the. basilar  is  entirely  concealed-  in  the  deep 
groove  between  the  projecting  growth  on 
each  side.  On  the  right  an  extension  down- 
ward has  compressed  the  right  side  of  the 
medulla  ;  C,  C,  crura  cerebri ;  3,  3,  third, 
and  5,  fifth  nerve.  The  patient  was  a  boy, 
aged  eight,  who  presented  during  life  pa- 
ralysis of  the  right  fifth,  sixth,  and  seventh 
nerves,  and  of  the  left  arm  ana  leg. 


the  surface,  outgrowths,  sometimes  pedunculated,  often  form.  Sometimes 
small,  separate  growths  are  met  with  on  the  surface,  as  in  Fig.  303.  It  is 
rare  for  adhesions  to  the  dura  mater  to  occur.  The  degree  and  rapidity  of 
the  destruction  of  the  nerve  elements  by  the  infiltration  varies  much  in 
different  cases.  Sometimes  nerve  fibres  persist,  and  retain  their  conductory 
power  even  in  a  part  which  is  almost  entirely  infiltrated  with  the  new  growth. 
As  already  stated,  there  is  no  sharp  boundary  to  the  tumor,  and  it  is  only  in 
the  white  substance  of  the  brain  that  the  difference  in  tint  enables  its  limit 
to  be  recognized  by  the  naked  eye.  In  consequence  of  these  characters, 
curious  errors  in  pathological  diagnosis  sometimes  occur.  Cases  of  uniform 
infiltration   of  the  pons   with   a   myxoid  glioma  have  been   described  as 
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"hypertrophy  of  the  pons."*  In  cases  in  which  the  growth  has  broken 
down,  or  has  been  the  seat  of  hemorrhage,  the  existence  of  the  tumor  may 
readily  be  overlooked,  and  such  cases  have  been  described  as  simple  softening 
or  simple  hemorrhage.  Most  of  the  cases  in  which  optic  neuritis  has  been 
described  as  accompanying  hemorrhage  or  softening  have  been  cases  of 
glioma.  A  microscopical  examination  of  the  margin  of  the  softened  part 
will  always  prevent  error.  On  the  other  hand,  the  rare  fibroid  forms  have 
been  mistaken  for  sclerosis  of  the  brain. 

Gliomata  are  single  nine  times  out  of  ten  (sixty-three  out  of  seventy  cases). 
Rarely  several  coexist  (multiple  glioma).  The  order  of  frequency  with 
which  they  occupy  the  several  parts  of  the  brain  is  as  follows:  cerebral  hemi- 
spheres (in  one-half  of  the  cases),  cerebellum  (in  one-quarter),  central  gan- 
glia, pons,  medulla  oblongata,  crus  cerebri,  corpora  quadrigemina. 


Fig.  303. 


Tumors,  gliomata,  of  left  hemisphere,  a  large  one  infiltrating  the  superior  parietal  lobule,  two  smaller 
growths,  one  pedunculated,  on  and  just  behind  the  middle  of  the  ascending  parietal  convolution.  At  *  an- 
other growth  lay  beneath  the  cortex.  The  symptoms  were  right-sided  convulsions,  beginning  with  pain 
in  the  elbow  or  shoulder,  and  affecting  the  arm  chiefly,  a  few  limited  to  the  leg.  There  was  also  general 
right-sided  weakness.    See  Hughlings-Jackson,  Med.  Times  and  Gaz.,  1875 , 1,  p.  661. 

Sarcomata  may  occur  within  the  substance  of  the  brain,  or  may  spring 
from  the  membranes,  pia  mater  or  dura  mater,  or  from  the  bone,  especially 
at  the  base.  When  they  commence  in  the  bone  they  may  perforate  the  dura 
mater,  but  in  this  case,  and  also  when  they  commence  in  the  dura  mater, 
they  do  not  usually  invade  the  pia  mater,  but  merely  compress  the  adjacent 
part  of  the  brain,  sometimes  causing  a  depression  of  considerable  size. 
Within  the  cerebral  substance  they  do  not  infiltrate  like  gliomata,  but  have  a 
well-marked  limit,  beyond  which  the  brain  tissue  is  usually  softened,  so  that 
the  tumor  can  be  easily  detached.  In  each  situation  they  may  be  hard  or 
soft  in  consistence ;  the  softer  forms  are  often  very  vascular,  and  constitute 
one  form  of  "fungus  haematodes."     Such  tumors  growing  from  the  dura 

*  It  is  certain  that  all  the  alleged  examples  of  hypertrophy  of  the  pons  are  cases  of  infil- 
trating glioma  (see  Money,  Meci.-Chir.  Trans.,  vol.  lxvi,  1883). 
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mater  or  bone  may  perforate  the  skull  and  be  felt  as  swellings  ,on  the  sur- 
face, softer  than  nodes,  for  which  they  are  sometimes  mistaken.  Occasion- 
ally these  growths  have  a  spongy  section.  Those  which  grow  from  the 
dura  mater  over  the  convexity  often  attain  a  large  size  ;  I  have  seen  one  that 
had  the  dimensions  of  a  turkey's  egg.     Those  which  spring  from  the  mem- 

FlG.  304. 


Tumor,  beginning  between  the  right  optic  thalamus  and  first  temporal  convolution  and  extend- 
ing inward  from  the  temporal  lobe,  so  as  to  compress  the  optic  tract  (Fig.  241,  p.  572).  A,  hori- 
zontal section  through  the  posterior  parts  of  both  hemispheres ;  T,  tumor,  with  small  irregu- 
lar cavities,  due  to  softening  of  its  tissues  ;  B,  transverse  section  through  the  middle  of  the 
thalamus  ;  C,  through  the  posterior  part  of  the  thalamus.  The  patient  suffered  from  hemi- 
anopia,  fits  beginning  with  an  auditory  aura  (sound  of  bells  referred  to  the  opposite  ear), 
optic  neuritis  and  hemiplegia. 


branes  at  the  base  are  usually  small,  firm,  and  more  or  less  rounded.  The 
softer  forms  may  consist  chiefly  of  round  cells,  but  the  firmer  varieties  are 
composed  of  spindle  cells,  varying  in  size,  less  delicate  than  those  of  glioma, 
and  often  separated  by  tracts  of  fibrous  tissue.    Occasionally  the  spindle  cells 
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are  arranged  in  concentric  nests.*  They  may  contain  nucleated  cells,  such 
as  are  so  abundant  in  the  so-called  "myeloid"  tumors.  In  the  substance 
of  the  brain  these  growths  are  usually  single,  but  occasionally  more  than  one 
exists ;  when  they  spring  from  the  dura  mater  or  the  base  they  are  often 
multiple.  They  are  more  frequent  outside  than  within  the  brain,  but  may 
occur  in  any  position,  and  are  seated  in  the  central  ganglia  more  frequently 
than  gliomata. 

Carcinoma  of  the  brain  may  be  primary,  or  secondary  to  cancer  in  any 
other  part.  The  form  is  almost  always  soft.  It  may  spring  from  the  dura 
mater  or  grow  within  the  brain  in  any  situation,  but  especially  in  the  cere- 
bral hemispheres.  It  is  relatively  more  frequent  in  the  central  ganglia  than 
other  forms  of  tumor.  It  partly  infiltrates  and  partly  displaces  the  brain 
tissue.  Usually  single,  carcinoma  is  sometimes  multiple,  and  now  and  then 
a  symmetrical  growth  occurs  in  each  hemisphere.  In  one  case,  for  instance, 
a  large  secondary  tumor  was  situated  in  the  central  ganglia  on  each  side. 


Fig.  305. 


Fig.  306. 


Fig.  305. — Cancerous  growth  in  the  cortex  of  the  brain. 

Fig.  306. — Tumor  (cysto-myxoma)  of  corp.  quadrigemina  with  a  cyst  in  the  superior  vermiform 
process  of  the  cerebellum.  The  tumor  seemed  to  have  sprung  from  the  posterior  quadrigeminal 
body  and  had  involved  the  medullary  velum.  The  patient  was  a  boy,  aged  seven,  who  suffered 
from  unsteadiness  of  gait  and  divergent  strabismus.  Acute  symptoms,  occipital  headache,  and 
vomiting,  with  a  tendency  to  fall  forward  or  backward,  and  optic  neuritis  supervened  after  a  fall. 
(Kohts,  Vircliow's  Archiv,  lxvii,  p.  425,  and  pi.  xiv.) 

Cerebral  cancer  is  usually  vascular,  and  forms  sharply  limited  tumors,  con- 
taining large  cells,  which  sometimes  have  several  nuclei.  When  seated  in 
the  dura  mater  the  tumors  are  usually  small  and  vascular,  and  may  perforate 
the  bone,  or  grow  into  the  brain,  and,  like  the  similar  form  of  sarcoma,  are 
often  termed  "  fungus  hsematodes." 

The  rarer  forms  of  tumor  may  be  briefly  described.  The  so-called  myxo- 
mata  are  merely  mucoid  forms  of  glioma.  Melanotic  tumors  have  been  met 
with,  always  associated  with  similar  growths  elsewhere.  Fibroid  tumors  are 
very  rare,  and  have  been  met  with  chiefly  in  the  cerebellum  or  cerebellar 
peduncle,  small  in  size,  usually  single,  but  in  one  case  multiple.  Bony 
tumors  are  usually  partly  fibroid,  "  osteo-fibromata. "  They  have  been  met 
with  chiefly  in  the  cerebral  hemispheres,  once  in  the  cerebellum,  once  in 
the  central  ganglia,  and  once  were  multiple.     (It  must  be  remembered  that 


*  See  Medico-Chirurgical  Trans.,  vol.  lix,  1876,  p.  217. 
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calcification  may  occur  in  any  degenerating  tumor,  tubercle,  glioma  or  sar- 
coma.) Psammomata  are  small  tumors  consisting  of  fibrous  tissue  mingled 
with  particles  of  "  brain  sand,"  such  as  occurs  in  the  pineal  gland  or  choroid 
plexus — calcareous  particles,  which  are  sometimes  aggregated  into  larger 
irregular" masses.  These  growths  usually  spring  from  the  dura  mater  at  the 
base  of  the  brain,  or  from  the  choroid  plexus,  and  form  small  hemispherical 
tumors,  reddish  gray,  smooth  and  hard.  Cholesteatomata  are  small,  hard 
bodies,  which  are  usually  found  in  recesses  in  the  base  of  the  skull,  and  are 
composed  of  epidermoid  cells  arranged  in  concentric  layers.  They  are  per- 
fectly innocent  in  this  situation,  but  they  have  also  been  met  with  of  consid- 
erable size,  as  large  as  a  hen's  egg  or  even  as. a  fist,  growing  into  the  cerebral 
substance  and  even  arising  within  the  hemisphere,  in  the  central  ganglia,  or 
the  pons.  They  are  said  to  contain  cholesterine  and  stearine  ;  hence  their 
name.  Among  the  rarest  of  intracranial  tumors  are  neuroinata,  small  growths 
containing  nerve  elements ;  lipomata,  which  have  been  observed  on  the  surface 
of  the  corpus  callosum  and  corpora  quadrigemina,  in  the  ventricles  and  on 
the  dura  mater ;  and  vascular  or  erectile  tumors,  which  have  been  met  with, 
once  or  twice,  in  the  substance  of  the  cerebral  hemispheres.  Fcetal  tumors, 
teratoma,  are  among  the  most  rare.* 

Cysts  in  the  brain  are  generally  the  relic  of  an  acute  destroying  lesion, 
hemorrhage  or  softening  ;  the  effused  blood,  or  degenerated  nerve  elements 
having,  in  the  course  of  time,  become  absorbed.  Such  cavities  have  usually 
an  irregular  shape,  and  no  well-defined  wall.  Simple  serous  cysts,  of  more 
regular  form  and  with  a  fibrous  wall,  are  sometimes  met  with  in  the  mem- 
branes, the  cerebral  hemispheres,  or  the  cerebellum  ;  their  origin  is  uncer- 
tain. Small  cysts  are  often  found  in  the  choroid  plexuses,  and  now  and 
then  these  attain  a  considerable  size.  More  frequently,  cystic  cavities  are 
developed  in  connection  with  morbid  growths,  especially  glioma  and  sar- 
coma. Such  a  growth  may  contain  one  or  more  cavities  within  it,  or  a  cyst 
may  be  attached  to  one  side  of  a  growth,  or  the  cyst  may  occupy  almost  the 
whole  area  of  the  tumor,  its  walls  only  consisting  of  the  new  growth.  We 
have  seen  that  a  glioma  often  breaks  down  in  part,  so  as  to  form  a  cavity, 
containing  debris  of  its  elements ;  in  process  of  time  these  debris  may  be 
removed,  and  it  is  probable  that  the  cyst  thus  formed  may  enlarge  by  the 
flow  of  liquid  into  it.  Such  cystic  tumors  are  met  with  especially  in  the 
cerebellum,  occasionally  in  the  white  substance  of  the  hemispheres,  very 
rarely  in  other,  parts  of  the  brain.  Dermoid  cysts  have  been  already 
mentioned. 

Parasitic  cysts  may  be  either  hydatid  or  cysticercous,  the  former 
usually  single,  the  latter,  which  are  less  common,  are  often  multiple. 
Hydatid  tumors  have  been  found  outside  the  dura  mater,  but  the  usual  posi- 


*  In  a  case  recorded  by  Hugo  Beck  (Zeitsckrift  fur  Heilkunde,  1884),  a  walnut- sized 
tumor  occupied  the  position  of  the  pituitary  body,  and  contained  bony  and  cartilaginous 
tissues  and  teeth.  The  patient  was  a  woman,  aged  seventy- four,  and  the  tumor  had  caused 
no  symptoms.     Dermoid  cysts  containing  hair  have  also  been  found  in  the  lateral  ventricle. 
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tion  of  both  varieties  is  the  cerebral  hemisphere,  where  they  are  seated  in 
four-fifths  of  the  cases,  either  in  the  white  substance  or  within  the  ventricles. 
In  rare  instances  they  have  been  found  in  the  membranes,  in  the  central 
ganglia,  in  the  crus,  pons,  cerebellum,- medulla  oblongata,  or  at  the  base. 
Occasionally  as  many  as  fifty  or  a  hundred  cysticerci  have  been  found  in 
various  parts  of  the  brain. 

Thepineat  gland  may  be  invaded  by  tumors  springing  from  the  corpora 
quadrigemina,  and  has  occasionally  been  found  the  seat  of  independent 
growths,  usually  firm  and  hard,  attaining  the  size  of  a  nut  or  a  pigeon's  egg. 
In  one  case  the  body  was  the  seat  of  a  cystoid  enlargement,  which  occupied 
the  whole  of  the  third  ventricle. 

Fig.  307. 


Growth  from  the  occipital  bone  encroaching  on  the  foramen  magnum  and  compressing 
the  medulla.    (Drawn  by  Mr.  C.  £.  Jecks.) 

Tumors  of  the  base  of  the  brain  deserve  special  mention.  They  usually 
spring  from  the  dura  mater,  sometimes  from  the  bone.  Sarcoma  and  car- 
cinoma are  most  frequent ;  less  common  are  psammoma,  cholesteatoma, 
syphilitic  gumma,  enchondroma,  fibroid  growth  and  hydatid  cyst.  The 
petrous  part  of  the  temporal  bone,  or  the  dura  mater  over  it,  is  the  part  from 
which  growths  most  frequently  spring ;  the  neighborhood  of  the  sella  turcica 
is  another  common  seat,  and  sometimes  they  originate  in  the  posterior  fossa, 
adjacent  to  the  foramen  magnum.  They  may  spring  from  the  bone  in  this 
part  (Fig.  307).     They  often  attain  a  considerable  size,  even  that  of  a  hen's 
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egg,  and  compress  the  superjacent  brain.  From  their  position,  the  cranial 
nerves  are  frequently  damaged  by  basal  tumors,  which  in  the  anterior  fossa 
often  compress  or  invade  the  optic  chiasma  and  nerves  to  the  eyeball,  and, 
in  the  posterior  fossa,  the  pons  (Fig.  308),  medulla,  and  the  nerves  which 
arise  from  them.  The.  fifth  nerve  and  Gasserian  ganglion  are  affected  with 
especial  frequency  by  the  growths  which  originate  from  the  petrous  part  of 
the  temporal  bone. 

Intracranial  growths  entail  certain  pathological  effects,  to  which  their 
symptoms  are  due.  (1)  By  the  process  of  growth  they  destroy  directly  the 
adjacent  nerve  elements.  This  destruction  is  partly  the  result  of  pressure, 
partly  the  effect  of  the  growth  of  the  morbid  tissue  elements.  In  the  infil- 
trating tumors,  these  tissue  elements  grow  between  and  enclose,  and  gradually 
destroy,  the  nerve  elements.  In  the  non-infiltrating  growths,  the  nerve 
elements  perish  before  the  advancing  tumor,  and  the  zone  of  softening  around 
these  growths  is  due  to  this  destruction.    In  both  cases,  however,  the  slower 

Fig.  308. 


Tumor,  containing  cysts,  compressing  the  right  side  of  the  pons  Varolii. 


the  process  of  growth  the  less  extensive  and  less  complete  is  the  damage. 
Nerve  fibres  may  persist  within  a  slowly-growing  glioma,  or  may  long  resist 
the  pressure  of  a  slowly-growing  tubercle. 

(2)  Intracranial  tumors  also  exert  distant  pressure.  A  growth  is  a  new 
'  mass  within  the  skull,  which  occupies  more  space  than  the  tissue  which 
it  has  destroyed,  and  so  exerts  pressure  on  all  parts  in  that  region  of  the 
skull.  The  nearer  the  parts  are  to  the  growth  the  greater  is  the  effect  of 
pressure  upon  them.  The  more  the  pressure  is  limited  in  range  by  resisting 
structures  the  greater  is  its  immediate  effect.  The  falx  offers  some  resistance 
to  the  extension  of  pressure  from  one  cerebral  hemisphere  to  the  other,  but  is 
often  displaced  by  it.  More  effective  is  the  resistance  of  the  tentorium, 
and  tumors  in  the  small  space  beneath  it  may  compress  all  the  structures 
therein  contained.  Thus  the  pons  is  often  considerably  damaged  by  tumors 
of  the  cerebellum. 

One  pressure  effect  is  of  especial  importance,  that  by  which  internal 
hydrocephalus  is  produced.     The  cerebro-spinal  fluid  is  chiefly  secreted  by 


882 


BRAIN. 


the  choroid  plexuses  of  the  lateral  ventricle,  and  passes  thence  by  the  third 
ventricle,  aqueduct  of  Sylvius,  and  fourth  ventricle.  This  passage  may  be 
closed  by  tumors  of  the  pons,  corpora  quadrigemina,  third  ventricle,  or  (at 
the  aqueduct)  by  the  distant  pressure  of  tumors  of  the  middle  lobe  of  the 
cerebellum.  The  fluid  is  still  secreted,  but,  unable  to  escape,  distends  the 
lateral  ventricles.  Moreover,  the  veins  of  Galen,  which  return  the  blood 
from  the  choroid  plexuses  to  the  straight  sinus  in  the  tentorium,  are  often, 
compressed  by  tumors  of  the  middle  lobe  of  the  cerebellum  or  corpora 
quadrigemina.  It  has  been  thought  that  the  compression  of  these  veins  will 
alone  cause  internal  hydrocephalus  ;  it  certainly  increases  the  distention  of 


Fig.  309. 


Large  infiltrating  tumor  of  the  right  frontal  lobe  causing  displacement  of  the  falx, 
and  compression  of  the  opposite  hemisphere.    [From  a  photograph  ) 


the  ventricles  when  the  exit  is  closed,  and  under  these  circumstances  the 
convolutions  are  much  flattened,  and  even  the  sutures  of  the  skull  may  be 
separated  by  the  powerful  distending  force. 

(3)  The  growth  of  a  tumor  causes  irritation,  due  in  part  to  the  pressure, 
in  part  to  the  vascular  disturbance  which  attends  it,  in  part,  perhaps,  to  the 
influence  of  the  process  of  new  cell  formation.  The  acute  destruction  of 
the  nerve  elements  is  an  irritative  process,  sometimes  even  inflammatory  in 
nature.  To  this  irritation  the  circumjacent  softening  is  chiefly  due,  and  by 
it  some  of  the  most  characteristic  symptoms  are  produced.  But  the  irrita- 
tion is  not  confined  to  the  brain  substance.     The  meninges,  especially  the 
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pia  mater,  are  more  prone  to  inflammation  than  any  other  intracranial  struc- 
ture. Hence,  if  the  growth  reaches  the  surface  of  the  brain,  there  is  usu- 
ally distinct  evidence  of  meningitis  over  it.  The  pia  mater,  if  not  invaded, 
is  vascular,  opaque,  and  thickened,  and  adhesions  form  between  it  and  the 
dura  mater.  Traces  of  inflammation,  recent  or  old,  sometimes  extend  for 
a  considerable  distance  from  the  tumor,  often  more  in  one  direction  than  in 
another.  Now  and  then  there  is  evidence  of  meningitis  at  a  distance,  with- 
out any  traceable  connection  with  the  growth,  so  that  it  must  apparently  be 
ascribed  to  distant  pressure.  Thus,  in  a  case  of  tumor  of  the  corpora  quadri- 
gemina,  which  had  caused  internal  hydrocephalus,  there  were  signs  of 
inflammation  beneath  each  orbital  lobule,  and  nowhere  else.  In  the  dia- 
thetic forms  of  tumor,  syphilitic  and  tubercular,  meningitis  is  especially 
frequent  and  important,  because  it  also  results  from  the  constitutional  con- 
dition. In  tubercular  tumors  the  meningitis  is  usually  general  and  acute,  in 
syphilitic  growths  it  is  local  and  chronic.  The  tubercular  meningitis  is 
frequently  the  immediate  cause  of  death  in  cases  of  tubercular  tumor, 
especially  in  children.  In  syphilitic  tumors,  the  adjacent  pia  mater  and 
arachnoid  are  often  extensively  thickened  by  a  mixed  process  of  inflam- 
mation and  growth,  matting  together  the  structures,  and  damaging  nerve 
roots  at  some  distance  from  the  growth. 

An  occasional  effect  produced  by  tumors  of  the  brain  is  to  cause  a 
remarkable  thinning  of  the  cranial  bones*  It  is  sometimes  local,  cor- 
responding to  the  position  of  the  growth,  more  often  it  involves  all  the 
roof  and  sides  of  the  skull,  less  commonly  the  bones  of  the  base  also.  In" 
extreme  cases  the  bone  may  be  reduced  to  the  thickness  of  card-board. 
Actual  perforation  has  been  observed  only  over  the  tympanum  (Hale  White). 
The  inner  surface  of  the  bone  is  rough,  in  consequence  of  the  unequal  ero- 
sion. The  outer  surface  of  the  dura  mater*  may  present  corresponding  in- 
equalities, and  the  membrane  is  often  thickened.  The  atrophy  occurs  when 
the  tumor  is  within  the  substance  of  the  brain  as  well  as  when  it  is  at  the 
surface,  but  the  condition  is  only  found  when  the  tumor  is  large  or  there  is 
internal  hydrocephalus.  It  seems  to  be  the  result  of  the  increase  of  intra- 
cranial pressure,  which  slowly  causes  an  atrophy  of  bone  similar  to  that  pro- 
duced by  aneurism. 

Symptoms. — The  nerve  disturbances  produced  by  intracranial  tumors  are 
commonly  grouped  into  two  classes,  general  or  diffuse  and  total  (see  p.  508). 
The  former  are  those  symptoms  which  are  produced  by  growths  in  various 
situations,  and  are  of  various  kinds.  Such  are  headache,  vomiting,  giddi- 
ness, general  convulsions,  optic  neuritis,  etc.  The  local  symptoms  (focal 
symptoms ;  German,  Merd-symptomeri)  are  those  which  depend  on,  and 
afford  some  indication  of,  the  position  of  the  tumor ;  they  comprehend  the 
local  palsy  and  spasm,  the  affections  of  sensibility  and  of  cranial  nerves, 
which  are  the  effects,  more  or  less  direct,  of  the  existence  of  the  tumor  in  a 

*  See,  on  this  subject,  a  valuable  paper  by  Hale  White,  in  the  Guy's  Hosp.  Rep.,  vol; 
xliii,  1 886. 
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certain  situation.  It  is  important  to  remember  that  the  division  is  not  abso- 
lute. Some  of  the  general  symptoms  may  be  produced  to  a  greater  extent  by 
disease  in  one  situation  than  in  another,  and  so  may  have  a  focal  significance 
(see  p.  508). 

In  most  cases  the  general  symptoms  precede  the  local,  and  the  onset  of 
both  is  usually  slow  and  gradual.  Sometimes  they  are  trifling  compared 
with  the  size  of  the  growth,  and,  in  rare  cases,  they  may  be  absent,  or,  at 
any  rate,  so  slight  as  to  have  attracted  no  attention,  and  a  tumor  is  found 
post-mortem,  the  existence  of  which  was  not  suspected  during  life. 

Of  the  general  symptoms,  headache  is  the  most  constant,  absent  only  in 
very  rare  cases.  It  is  usually  constant,  with  paroxysmal  exacerbations ; 
less  frequently  it  intermits.  In  character  the  pain  varies  much  ;  it  may  be 
dull  or  acute ;  sometimes  it  is  described  as  rending,  tearing,  stabbing,  boring. 
Its  severity  is  usually  such  that  sleep  is  more  or  less  disturbed  by  it,  and  in 
the  acute  paroxysms  the  mind  may  be  unhinged  by  the  intense  agony.  It  is 
usually  increased  by  whatever  causes  passive  congestion  of  the  brain,  as  a 
cough,  or  muscular  effort.  It  may  be  general,  felt  equally  in  all  parts  of  the 
cranium,  or  it  may  be  felt  chiefly  in  the  front  or  in  the  back  of  the  head,  or 
on  one  side,  or  may  even  be  referred  to  a  limited  area.  The  locality  of  the 
pain  does  not  always  correspond  to  the  locality  of  the  disease.  It  may  be 
referred  to  the  forehead,  when  the  disease  is  in  the  cerebellum,  or  to  one  side 
when  the  disease  is  on  the  other.  But  when  the  tumor  is  at  the  surface  of  the 
brain,  the  pain  often  corresponds  to  the  disease  in  situation.  When  the 
growth  is  in  the  white  substance,  the  pain  is  often  frontal,  whether  the  disease 
is  in  the  frontal  or  parietal  lobe.  When  the  disease  is  beneath  the  tento- 
rium, the  pain  is  usually  occipital,  and  often  seems  to  pass  down  the  neck. 
Unilateral  occipital  pain  usually  corresponds  in  side  to  the  disease.  Percus- 
sion of  the  skull  by  gentle  tapping  often  causes  pain  over  the  seat  of  the  dis- 
ease, and  not  elsewhere.  Neuralgic  pain  in  the  region  of  the  fifth  nerve 
indicates  irritation  of  the  nerve,  and  is  not  a  "  general  "  symptom,  but  this 
pain,  when  in  the  first  division  of  the  fifth,  often  blends  with  headache  on 
the  same  side.  The  local  pain  produced  by  superficial  tumors  is  doubtless 
due  to  irritation  of  the  meninges.  The  more  general  headache  has  been 
referred  to  the  influence  of  the  increased  intracranial  pressure  on  the  sensitive 
membranes,  but  it  is,  perhaps,  better  to  confess  that  there  is  no  evidence  as 
to  the  mode  of  its  production  (see  p.  530). 

Optic  neuritis  occurs  in  a  large  proportion  (probably  about  four-fifths)  of 
the  cases  of  intracranial  tumor,  whatever  be  the  seat  or  nature  of  the  growth, 
whether  it  commences  in  the  brain  or  membranes.  Nevertheless  it  is  cer- 
tainly less  frequent  when  the  growth  is  in  the  membranes  over  the  convexity, 
and  merely  compresses  the  brain,  than  when  the  cerebral  tissue  is  actually 
invaded.  The  size  of  the  tumor,  per  se,  seems  to  have  little  influence,  and 
the  optic  neuritis  is  certainly  not  produced  by  the  mechanism  of  increased 
intracranial  pressure.  It  has  been  produced  by  a  tubercle  of  the  pons  no 
larger  than  a  cherry,  and  was  absent  in  a  case  which  I  watched  through- 
out, in  which  a  sarcoma  the  size  of  the  closed  fist,  growing  from  the  dura 
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mater,  had  compressed  but  not  invaded  the  brain,  and  must  have  raised  the 
intracranial  pressure  as  much  as  it  is  ever  raised  by  the  direct  agency  of  an 
intracranial  growth.  It  is  probable  that  the  neuritis  is  due-  to  more  than 
one  mechanism,  which  varies  in  relative  degree  in  different  cases.  One  of 
these  is  the  extension  of  a  process  of  tissue  irritation  to  the  optic  tract  and 
nerves  which,  reaching  the  papilla,  lights  up  a  more  considerable  inflamma- 
tion. Another  is  the  distention  of  the  sheath  of  the  optic  nerve  by  fluid 
from  the  subarachnoid  space,  containing,  it  may  be,  irritating  products.  A 
third  is  the  meningitis  which,  as  we  have  seen,  often  occurs  in  cases  of 
intracranial  tumor,  and  may  extend  directly  to  the  optic  nerves.  Optic 
neuritis  is  usually  a  transient  event  in  the  history  of  intracranial  tumor.  The 
growth  may  exist  and  may  cause  symptoms  for  a  considerable  time,  even  for 
years,  without  any  affection  of  the  optic  discs,  and  then  neuritis  may  be  rap- 
idly developed,  run  its  course,  and  pass  into  atrophy,  and  the  symptoms  of 
the  tumor  go  on  as  before.  Often,  however,  the  occurrence  of  the  neuritis 
coincides  with  an  obvious  increase  in  the  other  symptoms  of  the  growth, 
and  probably  always  indicates  progress  of  the  disease.  In  the  majority  of 
cases  both  are  affected,  one  perhaps  more  than  the  other.  Rarely  the 
neuritis  is  unilateral,  and  this  although  the  disease  may  be  one  which  usually 
causes  bilateral  neuritis. 

The  course  of  neuritis  varies  considerably  in  different  cases.  It  may 
develop  rapidly  and  reach,  in  a  few  weeks,  a  considerable  degree  of  intensity, 
with  extravasations  and  great  distention  of  veins,  and  then  subside,  leaving 
"consecutive  atrophy."  On  the  other  hand,  it  may  develop  slowly  and 
remain  apparently  stationary  for  months,  or  even  for  a  year,  before  it  passes 
away.  The  course  of  the  neuritis  is  some  indication  of  the  course  of  the 
tumor.  It  is  true  that  a  rapid  neuritis  is  sometimes  developed  in  the  course 
of  a  slowl'y-growing  tumor,  but  a  chronic  form  of  neuritis  never  results  from 
a  rapidly-growing  tumor.  If  the  neuritis  is  acute  and  the  tumor  is  not  influ- 
enced by  treatment  the  neuritis  usually  goes  on  to  atrophy.  It  often  does 
so  also  in  the  chronic  form,  but  now  and  then  a  slight  neuritis,  slowly  devel- 
oped, may  subside,  although  the  tumor  continues  to  increase.  But  if  the 
morbid  process  within  the  skull  can  be  influenced  by  treatment,  the  neuritis 
may  subside  and  leave  little  trace  of  its  presence,  and  the  diminution  in  the 
intra-ocular  affection  may  be  the  first  indication  of  that  which  is  taking  place 
within  the  skull.  For  other  particulars  regarding  the  mechanism,  symptoms 
and  consequences  of  neuritis,  the  reader  is  referred  to  p.  561,  but  it  may  be 
again  pointed  out  that  sight  may  be  unimpaired  as  long  as  the  neuritis  is 
moderate  in  degree,  and  that  it  often  fails  much  more  while  the  neuritis  is 
subsiding  than  when  the  inflammation  is  in  the  active  stage.  The  stage  of 
atrophy  is  never  reached  until  after  many  months,  and  this  fact  often  affords 
very  important  indications.  A  tumor,  for  instance,  may  have  caused  marked 
symptoms  for  only  a  short  time,  and  the  condition  of  the  optic  disc  may 
prove  that  the  growth  must  have  existed  for  many  months  before  the  symp- 
toms were  produced. 

Mental  Disturbance. — Stupor  and  coma  are  common  as  terminal  phe- 


886  BRAIN. 

nomena  in  most  farms  of  intracranial  tumor  immediately  preceding  death. 
Apart  from  this  final  state,  during  the  course  of  the  disease,  psychical  symp- 
toms are  not  unfrequent.  The  most  common  form  is  simple  mental  failure, 
loss  of  memory,  depression,  sometimes  with  emotional  mobility,  now  and 
then  varied  by  excitement.  This  condition  may  accompany  tumors  in  any 
situation.  It  is  sometimes,  in  tumors  of  the  mesencephalon,  produced 
through  the  agency  of  internal  hydrocephalus  compressing  the  cortex. 
Occasionally  there  is  more  pronounced  mental  disturbance,  hallucinations 
and  delusions,  which  may  even  render  it  necessary  to  send  the  patient  to  an 
asylum.  In  a  small  percentage  of  post-mortems  in  asylums  a  cerebral  tumor 
is  found,  often  unexpectedly,  to  have  been  the  cause  of  the  mental 
derangement.  In  most  cases  in  which  the  derangement  is  pronounced, 
the  tumor  is  situated  in  the  cerebral  hemisphere,  and  when  there  are 
no  other  symptoms  it  is  generally  in  the  anterior  portion  of  the  frontal 
lobe.  In  some  of  these  cases  there  is  a  peculiar  childishness  of  action. 
As  instances  of  these  symptoms  may  be  mentioned  the  case  of  exten- 
sive tumor  beginning  in  the  temporal  lobe,  in  which  the  patient  had 
vivid  hallucinations  that  his  wife,  who  had  died  two  years  before,  was  com- 
mitting adultery  in  the  ward  before  his  eyes.  In  another  case  of  glioma  of 
the  frontal  lobe  the  only  symptoms  were  headache,  optic  neuritis,  attack  of 
petit  mal,  and  mental  disturbance  with  childish  acts.  The  patient  would 
strip  the  bedclothes  off  other  patients  who  were  in  bed,  turn  pictures  to  the 
wall,  etc.  It  is  important  to  remark,  moreover,  that  cerebral  tumor,  like 
every  other  form  of  brain  disease,  may  evoke  in  predisposed  persons  the 
manifestations  of  hysteria.  Many  errors  of  diagnosis  have  occurred  in  such 
cases ;  the  unmistakable  symptoms  of  hysteria  have  caused  the  physician  to 
overlook  the  symptoms  of  organic  disease. 

Vomiting  is  a  frequent  symptom  of  tumor  in  all  parts  of  the  brain,  but 
especially  in  tumors  of  the  medulla  oblongata,  middle  lobe  of  the  cerebellum, 
and  corpora  quadrigemina,  rather  less  frequent  in  tumors  of  the  cerebellar 
hemispheres,  the  pons,  the  base  (all  parts),  and  the  central  ganglia.  It  is 
less,  common,  occurring  in  about  a  quarter  of  the  cases,  when  the  tumor  is 
situated  in  the  cerebral  hemispheres,  white  substance  or  cortex.  In  cere- 
bellar tumors,  vomiting,  headache,  and  optic  neuritis  are  often  for  a  time  the 
only  symptoms. 

Giddiness,  constant  or  paroxysmal,  attends  tumors  in  various  situations. 
It  is  sometimes  produced  through  the  agency  of  the  paralysis  of  an  ocular 
muscle  disturbing  the  projection  of  the  visual  field,  and  so  destroying  the 
harmony  between  the  various  sensofy  impressions  which  regulate  the  centre 
for  equilibration ;  less  commonly  it  is  due  to  disturbance  of  the  auditory 
nerve.  It  occurs,  however,  in  tumors  of  every  situation,  without  any 
peripheral  disturbance  to  which  it  can  be  referred.  It  is  most  severe  and 
frequent  in  cases  of  disease  of,  or  compressing,  the  pons,  corpora  quadri- 
gemina, and  cerebellum  (especially  the  hemisphere)  and  middle  cerebellar 
peduncle.  In  the  latter  case  it  is  sometimes  most  intense,  and  is  frequently 
associated  with  a  tendency  to  a  forced  position  of  the  head  or  body.     It  is 
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less  frequent  in  tumors  of  the  cerebral  hemispheres  than  in  those  of  the  cen- 
tral ganglia. 

Affections  of  Speech. — A  peculiar  slowness  of  speech  is  sometimes  met  with 
in  association  with  tumors  of  almost  every  position,  but  with  especial  fre- 
quency in  tumors  of  the  cerebrum.  A  tendency  to  separate  the  syllables  is 
conspicuous  in  some  cases  of  tumor  of  the  pons.  With  mental  dullness  from 
tumors  in  any  situation  it  is  not  infrequent  for  words  to  be  clipped,  or  sylla- 
bles run  together  in  "confluent  articulation."  Marked  difficulty  of  articu- 
lation occurs  chiefly  when  the  growth  is  situated  in  the  pons  or  medulla,  or 
in  the  posterior  fossa  of  the  base.  It  is  also  produced,  now  and  then,  by 
tumors  of  the  cerebellum  when  these  compress  the  pons  or  medulla.  Aphasic 
difficulties  of  speech  are  chiefly  due  to  tumors  of  the  left  cerebral  hemi- 
sphere, cortex,  or  white  substance;  as  a  permanent  symptom  only  when  the 
growth  directly  damages  the  speech  centres  already  described  (p.  540).  But 
it  occurs  also  as  a  variable  and  intermitting  symptom  in  disease  of  neighbor- 
ing parts,  even  of  the  upper  part  of  the  central  region,  chiefly  in  association 
with  convulsions,  and  probably  as  an  effect  of  irritative  inhibition.  It  is 
very  rare  in  tumors  of  the  central  ganglia.  I  have  once  known  very  marked 
aphasic  defect  to  be  produced  by  a  tumor  of  the  pons  (in  a  patient  under 
the  care  of  my  colleague,  Dr.  Hughlings  Jackson);  the  characters  of  the 
defect  were  so  similar  to  those  of  disease  of  the  motor  cortex  that  they  were 
probably  produced  by  an  upward  inhibitory  influence. 

Motor  Disturbance. — Paralysis  occurs  :  (1)  Under  the  form  of  ordinary 
hemiplegia,  almost  always  gradual  in  onset,  affecting  the  lower  part  of  the 
face,  the  arm  and  the  leg,  from  tumors  situated  in  or  pressing  on  the  upper 
part  of  the  pons,  cms,  or  internal  capsule. 

(2)  Partial  hemiplegia,  paralysis  of  the  arm,  or  arm  and  face,  less  com- 
monly of  the  leg,  is  usually  the  result  of  growths  in  or  beneath  or  adjacent 
to  the  motor  part  of  the  cortex,  and  is  often  associated  with  convulsions 
beginning  locally  in  the  limb  paralyzed.  Both  the  local  palsy  and  the  local 
convulsion  usually  commence  in  the  extremity  of  the  affected  limb,  and  have 
the  same  significance.  The  positions  of  the  growths  causing  such  limited 
symptoms  are  those  already  described  in  the  chapter  on  Localization  (p.  708). 

When  the  tumor  is  seated  below  the  hemispheres,  in  the  crus,  pons  or 
medulla,  the  hemiplegia  is  often  accompanied  by  paralysis  of  one  or  more 
cranial  nerves  on  the  side  corresponding  to  the  tumor,  and  opposite  to  the 
affected  limbs,  as  described  at  p.  708. 

Basal  tumors  only  cause  hemiplegia  when  they  are  seated,  or  extend  so 
far  back  as  to  compress  the  crus,  the  pons  or  medulla ;  and  the  character  of 
the  hemiplegia  is  similar  to  that  produced  by  tumors  in  these  parts,  but  the 
nerve  palsy  is  usually  more  extensive,  and  occurs  earlier,  than  in  the  case  of 
tumors  within  the  brain  substance. 

(3)  The  paralysis  produced  by  intracranial  tumors  is  sometimes  not 
unilateral,  but  bilateral.  This  may  result  (a)  in  rare  instances  from 
symmetrical  tumors  on  both  sides  of  the  brain,  generally  in  the  central 
ganglia,  or  (b)  from  a  single  tumor  in  such  a  position  that  it  compresses  the 
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motor  tracts  of  both  sides.  This  can  only  happen  when  the  tumor  is  situated 
in  or  near  the  mesencephalon,  where  the  two  motor  tracts  are  still  contigu- 
ous, and  it  is  generally  due  to  a  tumor  in  or  compressing  the  pons  or  the 
medulla  oblongata.  In  the  latter  situation  the  weakness  may  be  chiefly 
marked  in  the  legs,  causing  paraplegia,  usually  greater  in  one  leg  than  in 
the  other,  rarely  limited  entirely  to  the  legs,  and  distinguishable  from  that 
due  to  disease  of  the  spinal  cord  by  the  affection  of  the  cranial  nerves. 
When  the  damage  to  the  motor  tracts  is  by  pressure  from  a  distance  (as  in 
the  case  of  tumors  of  the  cerebellum  or  corpora  quadrigemina)  the  bilateral 
weakness  is  often  slight  in  degree. 

Contracture,  persistent  tonic  spasm,  with  excess  of  myotatic  irritability,  is 
a  frequent  sequel  to  the  paralysis  in  the  limbs  that  results  from  cerebral 
tumor,  and  has  no  special  significance.  Confined  to  one  limb  it  usually 
indicates  that  the  disease  is  in  or  near  the  motor  cortex.  The  chief  difference 
from  the  contracture  which  follows  other  lesions  is  that  it  often  accompanies, 
instead  of  following,  the  loss  of  power,  doubtless  because  the  damage  to  the 
motor  tract  is  not  only  gradual  but  irritative  in  its  character,  and  hence 
descending  degeneration  occurs  the  more  rapidly.  From  the  same  cause 
the  contractured  muscles  often  waste  early,  the  more  irritative  degeneration 
of  the  pyramidal  tract  extending  to  the  spinal  motor  nerve  cells  (see  p.  518). 
General  tetanic  rigidity,  without  paralysis,  may  occur  from  tumors  of  the 
pons  or  cerebellum ;  in  the  latter  case  there  is  occasionally  retraction  of  the 
head,  but  as  this  is  also  produced  by  basal  meningitis,  it  is  probably  due  to 
pressure  on  the  medulla. 

Spontaneous  choreoid  or  "  athetoid  "  spasm  also  occurs  in  association  with 
hemiplegic  weakness  and  contracture,  but  less  commonly  than  after  some 
other  cerebral  lesions.  It  is  accompanied  by  a  slow  spastic  incoordination. 
It  has  been  sometimes  observed  in  cases  of  tumor  of  the  parietal  lobe,  and 
of  the  neighborhood  of  the  optic  thalamus.     One  form  of  incoordination 

in  the  arm  is  not  at  all  infrequent,  in 
cases  of  tumor  (especially  tubercle)  of 
the  pons  or  crus,  as  in  the  case  shown 
in.  Fig.  310.  It  is  a  wild,  jerky  inco- 
ordination, precisely  resembling  that 
which  is  seen  in  disseminated  sclero- 
sis.*    The  limb,  apart  from  voluntary 

Longitudinal  section  of  pons  (p)  and  left  crus  cere-  ■     r         r  ™.  ■ 

bri,  showing  a  tubercle  (t)  in  the  crus,  beneath  the  movement,  IS  tree  trom  Spasm.         1  hlS 

corpora  quadrigemina  (cq).      The  patient  was  a  „.,„,„,.    „        ■         j-  •        .     i  , 

child,  andthe  first  symptom  was  jerky  incoordi-  Symptom,     in     disseminated     SclerOSIS, 
nation  of  the  right  arm  exactly  like  that  of  dissemi-  i_       j  i  r-     , 

nated  sclerosis,  followed  by  palsy  of  the  arm,  then  seems  t0  De  "Ue    to  the  Wasting  of  the 

of  the  leg  and  face,  then  of  the  left  third  nerve  ,„l,:f-    „,  u„»„_  r     .u  /zi 

(in),  andiater  of  the  right  also.  white  substance  of   the  nerve  fibres, 

by  which  the  conducting  power  of 
their  axis  cylinders  is  lessened  unequally.  The  pressure  of  a  tumor  on  the 
motor   tract    may  cause    a    similar   interference  with    structure,  and   the 


*  It  is  exceedingly  probable  that  some  cases  published  as  examples  of  disseminated  scle- 
rosis in  childhood  have  really  been  cases  of  stationary  tubercle  of  the  brain. 
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phenomenon,  which  is  certainly  identical  in  aspect,  may  be  due  to  a  similar 
mechanism  in  each  case.  A  finer  tremor  is- not  an  uncommon  accompani- 
ment of  the  movement  of  weak  limbs,  and  has  no  special  significance. 

Unsteadiness  in  the  upright  posture,  most  marked  on  walking,  is  a  common 
symptom  in  tumor  of  the  cerebellum,  especially  of  the  middle  lobe.  The 
body  sways  like  that  of  a  drunken  person,  and  the  patient  may  tend  to  fall 
forward,  backward,  or  to  one  side.  The  movements  of  the  arms  are  usually 
steady. 

A  tendency  to  the  assumption  of  forced  positions,  or  to  certain  involun- 
tary movements,  is  occasionally  seen.  When  there  is  vertigo,  the  patient 
may  tend  to  one  side  in  walking,  irrespective  of  the  cause  of  the  giddiness. 
A  tendency  to  rotation  on  the  horizontal  axis  of  the  body  has  been  noted  as 
an  extremely  rare  symptom  of  tumor  of  the  middle  peduncle  of  the  cere- 
bellum. Rotation  of  the  head  to  one  side,  with  corresponding  conjugate 
deviation  of  the  eyes,  occurs  in  some  cases  of  cerebral  tumor.  Deviation 
toward  the  side  of  the  lesion,  so  frequent  at  the  onset  of  cerebral  hemor- 
rhage,, occurs  in  tumors  of  various  positions,  although  not  frequently. 
Occasionally  there  is  a  deviation  from  the  side  of  the  cerebral  lesion,  due  to 
irritation  and  spasm,  when  the  disease  is  in  the  cerebral  hemispheres,  or  to 
paralysis,  when  it  is  in  the  pons. 

Convulsive  attacks  are  frequent,  and  are  of  four  chief  forms.  Two  are  of 
merely  general  significance,  occurring,  like  headache  and  optic  neuritis, 
with  tumors  of  various  seat,  while  two  are  of  local  significance,  met  with 
chiefly  when  the  growth  occupies  certain  situations,  (i)  Attacks  of  general 
convulsion  with  initial  loss  of  consciousness,  resembling  the  fits  of  ordinary 
epilepsy,  occur  in  tumors  of  every  part,  but  are  not  common  when  the 
medulla  oblongata  or  cerebellum  is  the  seat  of  the  disease.  They  are  more 
frequent  in  tumors  of  the  posterior  fossa  of  the  base  than  in  tumors  of  the 
anterior  or  middle  fossa.  The  mechanism  by  which  these  convulsions  are 
produced  is  uncertain.  They  are  often  ascribed  to  the  general  increase  of 
intracranial  pressure  caused  by  the  growth,  on  the  ground  that  similar  con- 
vulsions are  produced  in  animals  when  the  intracranial  pressure  is  raised  (to 
130  mm.  of  mercury,  Leyden).  But  it  is  scarcely  justifiable  to  conclude 
that,  because  a  rapid  increase  in  the  pressure  causes  convulsions,  these 
are,  therefore,  thus  produced  by  a  slowly-growing  tumor,  and  the  explana- 
tion is  not  easy  to  reconcile  with  many  clinical  facts,  which  show,  first,  that 
large  tumors  do  not  necessarily  cause  convulsions,  and,  secondly,  that  even 
in  the  most  severe  form  such  convulsions  may  be  produced  when  there  is  no 
increase  of  intracranial  pressure.  An  instance  of  the  latter  is  afforded  by  a 
case  in  which  general  convulsions  persisted  after  other  symptoms  of  syphi- 
litic brain  disease  had  been  removed  by  treatment,  and  the  patient  actually- 
died  from  the  violence  of  the  fits.  The  only  brain  disease  discovered  was  a 
small,  shrunken  gumma,  in  the  anterior  part  of  the  right  frontal  lobe. 

(2)  Attacks  of  brief  loss  of  consciousness,  resembling  the  petit  mal  of 
epilepsy,   occur  occasionally,  but  not  frequently,  with  tumors  of  various 
situation,  especially  in  the  cerebral  hemispheres.     They  are  often  associated 
56 
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with  the  general  convulsions  just  described,  and,  like  them,  are  of  only 
general  significance. 

(3)  The  convulsions  may  commence  in  a  manner  which  indicates  that  the 
discharge  begins  deliberately  at  some  one  part  of  the  brain,  and  remains 
limited  to  it,  or  slowly  spreads  to  other  parts.  The  characters  and  signifi- 
cance of  the  convulsions  have  been  described  at  pp.  524  and  709.  They  are 
more  frequently  due  to  morbid  growths  than  to  any  other  lesion.  The  tumor 
is  almost  always  situated  on  or  near  the  motor  region  of  the  cortex.  The 
occurrence  of  occasional  general  convulsions  does  not  lessen  the  significance 
of  those  which  commence  locally.  If  the  convulsion  commences  in  the 
foot,  the  tumor  is  probably  in  the  upper  part  of  this  region ;  if  in  the  face, 
it  is  probably  in  the  lower  part ;  if  in  the  arm,  it  may  be  in  or  near  the 
middle  region.  Commencement  in  the  hand  has,  however,  been  observed 
when  the  tumor  is  not  contiguous  to  the  central  convolution,  e.  g.  in  the  supra- 
marginal  convolution  or  even  in  the  occipital  lobe  and  cuneus.  It  is  pos- 
sible that  in  such  cases  the  convulsions  are  produced  through  the  agency  of 
meningitis.  Some  fits  may  commence  in  one  part,  some  in  another.  The 
convulsion  is  the  result  of  irritation,  which  may  be  greatest  now  in  one  and 
now  in  another  region  which  is  being  invaded.  Moreover,  a  growth  may 
be  seated  in  one  part,  but  the  chief  irritation  may  be  in  another  part  to 
which  it  is  advancing.  In  these  cases  there  is  often  paralysis  in  the  part 
related  to  the  seat  of  the  tumor,  which  is  of  assistance  in  determining  the 
significance  of  the  various  fits.  Thus,  in  one  case  in  which  some  fits  began 
in  the  face,  some  in  the.  arm,  some  in  the  foot,  the  latter  only  was  perma- 
nently paralyzed,  and  the  tumor  occupied  the  highest  part  of  the  central 
convolutions.*  Fits  which  begin  locally  often  leave  transient  weakness  in 
the  part  first  convulsed,  and  this,  if  the  attacks  are  frequent,  may  persist 
during  the  intervals,  passing  away  when  they  cease.  The  frequency  of  these 
local  fits  is  sometimes  very  great.  In  the  case  just  mentioned  a  hundred  or 
a  hundred  and  fifty  fits  sometimes  occurred  daily,  and  in  the  course  of  eleven 
months  the  patient  had  17,000  fits  (carefully  recorded).  Occasionally  local 
clonic  spasm  may  continue  for  several  hours  or  even  days. 

The  local  commencement  is  sometimes  by  a  sensation,  tingling,  "  pins 
and  needles,"  or  pain,  in  the  hand  or  in  the  foot,  as  mentioned  at  p.  525. 
This  sensory  commencement  in  the  limbs  has  the  same  significance  as  the 
motor  commencement,  and  the  part  in  which  the  sensory  discharge  begins 
is  that  in  which  the  chief  irritation  exists ;  the  secondary  spasm  is  not  of 
localizing  significance.  In  rare  cases  a  cerebral  tumor  causes  fits  which  com- 
mence by  a  special  sense  warning.  It  is  probable  that,  in  these  cases,  the 
tumor  is  situated  in  the  cerebral  hemisphere,  in,  near,  or  beneath  that  part 
of  the  cortex  in  which  the  special  sense  centre  is  situated.  Some  instances 
of  this  are  mentioned  on  p.  525. 

*  A  similar  case  has  been  recorded  by  Osier  [Amer.  Journ.  of  Med.  Sciehtes,  1885,  p.  31)- 
The  fits  began  in  the  left  hand  but  the  palsy  was  in  the  leg,  and  the  tumor  was  just  beneath 
the  highest  part  of  the  ascending  frontal  convolution. 
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(4)  Attacks  of  brief  tetanic  rigidity  with  retraction  of  the  head  have  been 
observed  in  some  cases  of  tumor  of  the  cerebellum.  It  is  uncertain  whether 
they  are  due  to  the  irritation  of  structures  in  the  cerebellum  or  to  pressure 
on  the  pons  or  medulla  oblongata. 

Sensory  Symptoms — (1)  Loss. — Motor  hemiplegia  from  tumor  is  often 
accompanied  with  unilateral  diminution  of  sensibility  of  various  distribu- 
tion and  character,  according  to  the  seat  of  the  disease,  as  described  in  a 
preceding  section  (p.  526).  Well-marked  hemianaesthesia,  extending  up  to 
the  middle  line,  and  usually  with  impairment  of  all  the  special  senses  on 
that  side,  occurs  in  cases  of  tumor  damaging  the  posterior  part  of  the 
internal  capsule  and  subthalamic  region,  a  not  uncommon  seat  of  syphilitic 
growths.  Affections  of  sensation  are  rare  and  trifling  in  tumors  of  the 
anterior  and  middle  fossa,  of  the  base,  the  corpora  quadrigemina,  and  the 
cerebellum.  Bilateral  loss  may  occur,  like  bilateral  motor  palsy,  from 
growths  in  the  pons  and  medulla. 

(2)  Sensory  irritation,  pain,  tingling,  and  other  paraesthesiae,  often  accom- 
pany the  anaesthesia  produced  by  cerebral  tumor,  just  as  spasm  often 
accompanies  the  motor  palsy,  in  consequence  of  the  irritating  character  of 
the  lesion.  Pain  in  the  limbs  is  most  frequent  in  tumor  of  the  central 
region,  and  is  often,  felt. in  the  limb  which  is  chiefly  paralyzed  or  convulsed. 
The  pain  may  be  increased  by  movement,  active  or  passive,  and  local  con- 
vulsions may  be  sometimes  induced  by  movements  that  cause  pain.  Other 
paraesthesiae  are  especially  frequent  in  tumors  of  the  pons  and  medulla. 

Cranial  Nerves:  Olfactory. — Loss  of '  smell  has  been  noted  in  rare 
cases  of  tumor  in  various  parts  of  the  brain,  but  with  singular  infrequency 
in  any  part,  even  in  tumor  of  the  anterior  fossa  of  the  base.  Its  occurrence 
in  tumor  elsewhere,  even  in  the  cerebellum,  has  suggested  that  its  loss  may 
depend  on  an  olfactory  neuritis,  such  as  affects  the  optic  nerve,  but  this  is  a 
mere  hypothesis  at  present  unconfirmed. 

Optic  Nerve. — The  frequency  of  optic  neuritis  renders  impairment  of 
sight  a  very  common  symptom  of  intracranial  tumors,  irrespective  of  their 
seat.  Apart  from  this  affection,  which  has  been  already  considered,  sight 
may  be  damaged  by  tumors  situated  in  or  near  the  visual  path.  The  char- 
acters of  the  loss,  according  to  the  seat  of  the  disease,  have  been  already 
described  (see  p.  574).  Symptoms  of  irritation  of  the  optic  nerve  are 
extremely  rare,  except  as  the  aura  of  convulsions. 

Third  Nerve. — Isolated  paralysis  of  the  whole  of  one  or  both  third  nerves 
occurs  only  in  tumors  of  or  adjacent  to  the  crus  cerebri,  first  on  the  side 
opposite  to  the  hemiplegia.  Both  third  nerves  may  be  affected  by  an  inter- 
peduncular growth,  as  probably  is  the  case  shown  in  Fig.  263,  p.  604.  Par- 
tial paralysis  usually  involves  chiefly  the  levator  or  the  internal  rectus. 

The  fourth  nerve  rarely  suffers  alone,  and  chiefly  in  tumors  in  or  compres- 
sing the  corpora  quadrigemina. 

The  sixth  nerve  is  frequently  paralyzed  alone  on  one  or  both  sides  by  sub- 
tentorial  disease,  which  exerts  pressure,  probably  because  its  long  and 
exposed  course  over  the  prominent  part  of  the  pons  causes  it  to  suffer  very 
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readily  by  pressure  from  above.  It  also  suffers  in  tumors  of  the  pons, 
medulla  oblongata,  and  posterior  fossa  of  the  base,  but  then  usually  in  asso- 
ciation with  other  nerves,  with  the  facial  in  disease  of  the  pons,  with  the 
hypoglossal  in  disease  y  of  the  medulla.  In  the  former  case  it  is  affected 
on  the  side  opposite  to  the  limbs ;  in  the  latter,  hemiplegia  may  be  on  the 
same  or  on  the  opposite  side. 

Combined  paralysis  of  ocular  muscles,  slight  and  various,  occurs  in  tumors 
of  various  situation,  that  exercise  pressure  on  the  base — tumors  of  the  deeper 
parts  of  the  hemispheres;  corpora  quadrigemina,  pons,  and  basal  tumors. 
All  the  muscles  of  one  eye  are  only  paralyzed  by  growths  in  the  neighbor- 
hood of  the  sella  turcica,  which  usually  causes  also  loss  of  sight. 

Conjugate  deviation  of  the  eyes  and  head  toward  the  side  of  the  lesion 
(paralytic)  or  from  it  (spasmodic)  has  been  already  described.  Its  charac- 
teristic is  that  the  axes  of  the  eyeballs  remain  parallel  in  all  positions. 
Another  condition  sometimes  confounded  with  this  is  the  associated  paraly- 
sis, described  at  p.  610,  in  which  the  external  rectus  on  one  side,  and  the 
internal  rectus  on  the  other,  are  affected  together,  so  that  the  eyes  cannot  be 
moved  toward  the  side  of  the  lesion  beyond  the  middle  line.  The  variations 
in  this  symptom,  and  their  localizing  significance,  have  been  already  con- 
sidered. Tumor  is  by  far  its  most  common  cause.  Defective  move- 
ment upward  or  downward  is  sometimes  observed  in  cases  of  cerebral 
tumor,  but  its  exact  significance  is  uncertain  (see  p.  609).  Nystagmus  is  an 
occasional  symptom  of  tumor  in  many  parts,  but  is  not  frequent  in  tumors 
of  the  cerebellum.  An  unsymmetrical  position  of  the  eyes,  one  directed 
upward  and  inward,  the  other  outward  and  downward,  has  been  observed  as 
an  extremely  rare  symptom  of  tumor  of  the  middle  peduncle  of  the  cerebel- 
lum. The  pupils  are  often  unequal,  dilated,  or  contracted,  but,  alone,  their 
condition  is  of  little  significance,  except  as  evidence  of  some  intracranial 
disease. 

The  fifth  nerve  is  almost  constantly  affected  in  tumors  of  the  middle  fossa 
of  the  skull,  frequently  in  tumors  of  the  pons  and  of  the  posterior  fossa, 
occasionally  and  in  slight  degree  from  growths  in  the  cerebellar  hemisphere 
which  exert  distant  pressure.  Both  the  sensory  and  motor  parts  of  the 
nerves  are  usually  affected  (especially  by  tumors  outside  the  pons)  ;  some- 
times the  sensory  only,  rarely  the  motor  part  alone.  All  divisions  of  the 
nerve  may  be  involved  or  only  the  upper  and  middle.  Neuro-paralytic 
ophthalmia  is  frequent  from  basal  tumors,  which  damage  the  Gasserian  gang- 
lion, but  the  eye  often  escapes  when  the  tumor  is  situated  within  the  pons. 
The  gradual  damage  of  the  sensory  part  usually  causes  irritation,  and  neural- 
gic pain,  sometimes  most  intense  and  accompanied  by  hyperesthesia,  pre- 
cedes loss  of  sensibility.     Taste  is  also  often  lost. 

Facial  Nerve.—  Paralysis  of  all  parts  supplied  by  the  facial  nerve,  with 
the  reaction  of  degeneration  in  the  muscles,  occurs  only  in  tumors  of  the 
pons  or  posterior  fossa,  very  rarely,  and  in  slight  degree,  from  the  distant 
pressure  of  a  cerebellar  tumor,  and  is  associated  with  paralysis  of  the 
limbs  on  the  opposite  side.     Sometimes  both  facial  nerves  are  paralyzed. 
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The  significance  of  association  of  paralysis  of  the  facial  and  other  nerves  is 
described  at  p.  657. 

Auditory  Nerve :  Hearing. — Deafness  is  an  occasional  symptom  in  tumors 
of  the  lower  part  of  the  pons,  of  the  medulla  oblongata,  and  of  the  posterior 
fossa  of  the  base.  Its  localizing  significance  has  been  mentioned  at  p.  674. 
Bilateral  deafness  has  been  twice  produced  by  growths  in  the  corpora  quad- 
rigemina  which  had  damaged  the  upper  layer  of  the  tegmentum,  in  which 
probably  the  auditory  tract  passes  up  to  the  hemisphere.  Subjective  sen- 
sations of  hearing  have  been  produced  by  tumors  of  the  pons  and  base,  and 
also  by  tumor  of  the  temporal  lobe.  In  the  former  case  they  are  referred 
to  the  ear  of  the  same  side,  in  the  latter  to  the  opposite  side. 

The  Hypoglossal  Nerve. — Besides  the  general  relations  of  palsy  of  the 
tongue  mentioned  at  p.  704,  the  -nerve  may  be  paralyzed  on  the  side  opposite 
to  the  hemiplegic  limbs,  in  tumors  of  the  posterior  fossa  of  the  base,  some- 
times in  tumors  of  the  pons,  and  especially  in  those  of  the  medulla  oblon- 
gata. It  is  sometimes  an  early  symptom  of  a  morbid  growth  on  the  front  of 
the  occipital  bone.  In  these  cases  there  is  often  conspicuous  wasting  of  the 
paralyzed  half  of  the  tongue. 

The  Spinal  Accessory  nerve  is  also  occasionally  paralyzed  from  tumors  in 
or  near  the  medulla.  Only  those  outside  the  medulla  impair  the  action  of 
the  muscles  of  the  neck,  but  more  frequently  the  vocal  cord  on  one  side, 
less  commonly  on  both,  is  paralyzed.  The  palate  usually,  and  the  tongue 
often,  suffers  at  the  same  time.  Bilateral  palsies  are  occasionally  met  with, 
and  the  lips  may  also  be  involved,  causing  symptoms  similar  to  those  of 
progressive  bulbar  paralysis.  Very  rarely  the  same  combination  of  symptoms 
has  resulted  from  symmetrical  tumors  of  the  cortex  in  the  lower  part  of  the 
central  convolutions. 

The  pulse  is  often  infrequent  in  tumors  anywhere  within  the  skull,  and 
the  symptom  has  no  special  significance.  Respiratory  disturbance  is  chiefly 
met  with  in  growths  near  the  medulla. 

The  Sphincters  are  not  often  paralyzed  from  intracranial  tumor,  and  the 
loss  of  power  over  them  is  of  no  special  significance.  Untimely  evacuation 
of  bladder  and  of  rectum  is,  however,  very  common  in  association  with  the 
mental  apathy  and  dullness  which  are  so  common  in  tumors  of  all  parts.  An 
increased  secretion  of  urine,  and  the  presence  in  it  of  sugar  and  of  albumen, 
have  been  met  with  in  rare  cases  of  tumor  in  various  parts  of  the  brain ; 
glycosuria  occurs  most  frequently  in  association  with  tumors  of  the  pons  and 
medulla,  but  not  so  frequently  as  to  have  any  strong  significance  apart  from 
other  symptoms. 

Intracranial  tumors  rarely  give  any  other  evidence  of  their  existence  than 
that  which  is  afforded  by  the  symptoms  already  described.  Only  those 
growths  which  spring  from  or  invade  the  bone  of  the  skull  are  recognizable 
externally ;  swellings  on  the  surface  of  the  skull  occur  in  rapidly  growing 
tumors  springing  from  the  dura  mater.  Growths  in  the  bone  of  the  middle 
fossa  of  the  skull  are  sometimes  recognizable  on  the  under,  surface,  in  the 
palate.  More  commonly,  tumors  of  the  anterior  or  middle  fossa  invade  the 
orbit,  and  cause  bulging  forward  of  the  eyeball. 
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Regional  Symptoms. — The  symptoms  of  tumors  in  various  parts  of  the 
brain  are  those  that  have  been  described  in  the  chapter  on  Localization, 
p.  708,  and  need  not  be  here  repeated  in  detail. 

The  symptoms  of  tumors  of  the  base,  however,  need  brief  enumeration. 
Growths  in  the  posterior  fossa  cause  nearly  the  same  symptoms  as  tumors  of 
the  pons  or  medulla,  subject  to  the  same  variations  according  to  their  seat. 
The  most  important  difference  is  that  the  cranial  nerves  suffer  earlier  than 
the  motor  tract,  and  the  combination  of  the  nerves  affected  is  somewhat 
different.  Thus  the  facial  and  auditory  suffer  together  from  external  pressure, 
rarely  from  internal  disease.  The  sixth  (abducens)  is  paralyzed  without 
the  conjugate  internal  rectus,  which  suffers  with  it  in  disease  of  the  centre. 
The  combination  of  palsy  of  one-half  of  the  tongue,  palate,  and  glottis 
is  especially  frequent  from  tumors  beside  the  medulla.  Neuro-paralytic 
ophthalmia,  from  implication  of  the  Gasserian  ganglion,  sometimes  occurs, 
but  less  frequently  than  in  disease  of  the  middle  fossa.  Lastly,  pressure  on 
the  middle  peduncle  of  the  cerebellum  often  gives  rise  to  intense  vertigo, 
and  an  inclination  to  deviate  to  one  side  in  walking.  Convulsions  occur  in 
cases  in  which  the  pons  is  compressed,  and  are  rather  more  frequent  than 
when  the  tumor  is  in  the  substance  of  the  pons. 

Middle  Fossa.  —The  course  of  the  fifth  nerve,  and  the  position  of  the 
Gasserian  ganglion,  render  it  very  liable  to  suffer  in  tumors  of  the  middle 
fossa,  so  that  its  irritation  and  paralysis,  on  one  side  only,  with  neuro- 
paralytic ophthalmia,  is  a  characteristic  symptom  of  disease  in  this  region. 
Now  and  then,  from  extension  backward  of  the  growth,  or  of  meningeal 
irritation  excited  by  it,  the  facial  and  auditory  nerves  sometimes  likewise 
suffer.  Other  nerves  are  rarely  affected  unless  the  growth  is  situated  near 
the  sphenoidal  fissure,  when  those  to  the  eyeball  may  be  involved.  Hemi- 
plegia is  rare  and  slight,  and  is  produced  by  the  extension  of  the  growth  to 
the  neighborhood  of  the  crus.  Convulsions  'are  extremely  rare,  and  it  is 
not  common  for  these  to  be  conspicuous  mental  symptoms. 

Anterior  Fossa. — Tumors  are  rarely  limited  to  the  anterior  fossa  of  the 
skull,  and  the  chief  symptoms  they  produce  is  by  their  extension  beyond  it, 
backward  to  the  optic  nerve  (unilateral  loss  of  sight),  the  chiasma  (temporal 
hemianopia,  once  transverse  hemianopia,  probably  from  damage  to  all  the 
higher  fibres  of  the  chiasma),  and  even  back  to  the  crura,  causing  slight 
paralysis  of  the  limbs,  usually  on  one  side  only.  From  compression  or 
invasion  of  the  frontal  lobes  of  the  brain,  mental  symptoms  occasionally 
result,  and  a  peculiar  childishness  has  been  thought  to  have  some  diagnostic 
value. 

Tumors  of  the  pituitary  body  cause,  usually,  vague  symptoms  resembling 
those  just  mentioned,  with  very  frequent  failure  of  sight,  and  indications  of 
a  lesion  of  the  chiasma  are  present  in  many  cases.  Sometimes,  however,  the 
tumor  causes  very  slight  symptoms,  and  may  run  an  almost  latent  course,  and 
this  although  the  size  attained  is  considerable.* 


e.  g.  case  recorded  by  Cunningham,  Journ.  of  Anat.  and  Phys.,  July,  1879. 
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Basal  tumors  sometimes  extend  over  a  large  area  j  occasionally  a  growth 
has.  occupied  almost  the  whole  of.  one-half  of  the  base  of  the  skull.  The 
symptoms,  when  the  growth  has  been  soft,  have  been  in  several  cases 
singularly  few,  and  a  correct  diagnosis  impossible. 

Multiple  cerebral  tumors  sometimes  cause  only  "  general  "  cerebral  symp- 
toms. More  often  one  growth  causes  conspicuous  disturbance,  and  there  is 
no  indication  during  life  of  the  existence  of  the  others.  Occasionally  two  or 
more  growths  exist  in  the  same  part  of  the  brain  and  cause  extensive  but 
connected  symptoms.  This  is  especially  the  case  with  tumors  in  the  posterior 
fossa  of  the  base,  where  multiple  growths  are  common.  Now  and .  then 
tumors  in  different  parts  of  the  brain  cause  symptoms  so  distinct  and  discon- 
nected as  to  afford  clear  evidence  of  their  separate  causes. 

Course. — The  great  characteristic  of  cerebral  tumors  is  that  their  symp- 
toms are  gradual  in  onset  and  slowly  progressive  in  their  course.  The 
earliest  symptoms  vary  much,  according  to  the  seat  of  the  tumor.  In  most 
cases  the  general  symptoms  precede  the  local,  and  no  initial  symptom  is  so 
frequent  as  headache.  Optic  neuritis  is  sometimes  a  very  early  symptom, 
especially  in  disease  of  the  cerebellum  or  corpora  quadrigemina.  In  disease 
of  the  hemispheres  it  is  often  late.  Convulsions  now  and  then  occur  before 
any  other  disturbance  has  raised  suspicion  of  brain  disease,  and  this  is  espe- 
cially true  of  the  local  convulsions  from  cortical  tumor.  The  early  fits  are 
sometimes  excited  by  an  accessory  influence,  as  digestive  disturbance  (p.  735). 
Symptoms  of  irritation  or  paralysis  of  some  cranial  nerve  often  occur  early, 
but  hemiplegic  weakness  very  rarely  precedes  headache. 

Although  the  course  of  the  symptoms  is  usually  slow  and  gradual,  it  is 
rarely  uniform,  and  exceptions  to  the  gradual  course  are  occasionally  met 
with.  In  slowly-growing  tumors  the  progress  may  intermit,  stationary  inter- 
vals alternating  with  periods  in  which  the  symptoms  increase.  Sometimes 
the  pressure  effects  are  produced  rapidly ;  in  a  few  days,  for  instance,  a 
cranial  nerve,  as  the  third  or  facial,  which  before  was  unaffected,  may 
become  completely  paralyzed.  In  these  cases  it  is  probable  that  a  neuritis 
is  induced  by  the  pressure,  just  as  a  tumor  compressing  the  spinal  cord  often 
causes  paraplegia  by  setting  up  myelitis. 

In  other  cases,  however,  a  rapid  increase  of  symptoms  may  result  from 
local  meningitis  excited,  by  the  growth.  This  is  to  be  suspected  if  the 
symptoms  increase  rapidly  in  their  range  ;  and  especially  if  the  increase  in 
symptoms  is  attended  with  febrile  disturbance  ;  and  it  is  certain  if  symptoms 
so  arising  subsequently  lessen.  Often,  as  already  stated,  the  traces  of  past 
meningitis  are  distinct  after  death,  but  if  a  long  time  has  elapsed,  its  indi- 
cations may  not  be  discoverable,  although  the  symptoms  may  have  been 
distinct  in  the  past.  For  instance,  in  a  case  of  tumor  occupying  the  third 
ventricle,  and  compressing  the  corpora  quadrigemina,  the  patient  suffered, 
six  months  before  death,  from  an  attack  attended  with  severe  occipital  head- 
ache, vomiting,  and  paralysis  of  the  right  fifth  nerve,  the  left  half  of  the 
face  and  tongue,  the  right  half  of  the  palate,  and  right  vocal  cord,  and 
much  difficulty  in  swallowing.     These  symptoms  lasted  for  a  few  weeks,  and 
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then  passed  away  almost  entirely,  slight  weakness  of  the  right  masseter  alone 
remaining.  In  this  case  no  evidence  of  meningitis  could  be  discovered  at 
the  post-mortem  examination  six  months  later,  but  no  other  mechanism 
could  produce  transient  symptoms  of  damage  to  nerve  roots  extending  as 
far  back  as  the  medulla  oblongata. 

Hemiplegic  weakness  often  follows  unilateral  convulsions,  as  a  transient 
effect  of  the  "discharge,"  and  is  most  marked  in  (and  sometimes  limited 
to)  the  limb  in  which  the  convulsion  commenced.  It  may  also  follow, 
apparently  as  the  result  of  inhibition,  sensory  discharges  which  do  not  cause 
spasm.  But  sudden  and  persistent  hemiplegia  may  occur  in  the  course  of 
cerebral  tumors,  without  preceding  convulsion.  In  rare  cases  it  is  the  result 
of  associated  or  independent  vascular  disease,*  or  of  vascular  occlusion  from 
the  effect  of  the  growth  on  adjacent  vessels.  -It  may  also  be  the  result  of  a 
hemorrhage  into  the  growth,  such  as  is  common  in  the  case  of  soft  glioma. 
This  is  also  rare,  because  the  hemorrhage  is  into,  and  not  outside,  the 
tumor,  and  does  not  cause  paralysis  unless  the  growth  occupies  a  motor 
region,  but  a  growth  so  situated  has  usually  caused  paralysis,  from  its  size, 
before  the  hemorrhage  occurred.  Lastly,  sudden  hemiplegia  occasionally 
occurs  in  the  course  of  a  cerebral  tumor,  without  there  being  any  mechan- 
ism discoverable  after  death  by  which  the  sudden  onset  can  be  explained. 
The  fact  is  important,  its  explanation  obscure,  f 

In  the  vast  majority  of  <*ases,  the  course  of  an  intracranial  tumor  is  pro- 
gressive, and  ends  in  death.  But  the  rapidity  of  progress  varies  much, 
according  to  the  character  and  position  of  the  new  growth  ;  the  former 
determining  the  rate  of  growth,  the  latter  the  symptoms  which  the  increase 
in  size  of  the  tumor  produces.  Thus  a  tumor  of  the  same  kind  and  size, 
in  the  anterior  part  of  the  cerebral  hemisphere,  may  cause  far  slighter 
symptoms  than  if  seated  in  the  pons.  Other  things  being  equal,  the  slower 
the  growth  of  a  tumor  the  slighter  are  the  symptoms,  since  the  slower  the 
pressure  the  better  is  it  borne. 

The  duration  of  the  symptoms  varies  from  a  few  weeks,  to  many.  In  a 
case  recorded  by  Osier  the  convulsions  produced  by  the  tumor  continued 
during  fourteen  years.  In  the  majority  of  cases  the  duration  is  between  six 
months  and  two  years.  The  most  rapid  cases  are  tubercle,  soft  sarcoma, 
cancer,  rapidly-growing  gliomata,  and  syphiloma.  The  cases  of  longer 
duration  are  tubercles,  firm  sarcoma,  slowly  growing  glioma,  and  the  various 
hard  tumors,  fibroma,  enchondroma,  etc.  Tubercles  furnish  some  of  the 
cases  of  shortest  and  also  of  longest  duration. 

The  most  common  causes  of  death  are':  (i)  Exhaustion,  induced  espe- 
cially by  the  violence  of  the  pain,  and  the  interference  with  nutrition  entailed 


*  As  in  the  case  of  a  man  who  had  a  firm  tumor,  three-quarters  of  an  inch  in  diameter, 
below  the  floor  of  the  left  lateral  ventricle,  and  had  independent  hemorrhages  in  both  right 
and  left  corpora  striata  (Mitchell,  Edin.  Med.  Journal,  Nov.,  1883). 

t  I  have  elsewhere  recorded  some  cases  illustrating  the  phenomenon,  "  On  Sudden  Paraly- 
sis in  Cerebral  Tumor,"  Brain,  vol.  i,  1879,  p.  48. 
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by  the  frequent  vomiting,  and  the  difficulty  of  feeding  occasioned  by  mental 
dullness  or  by  dysphagia.  (2)  Coma  coming  on  gradually,  and  usually  due 
to  the  general  increase  of  intracranial  pressure,  sometimes  also  produced  by 
hydrocephalus.  The  lower  centres  participate  in  the  apathy  of  the  higher, 
and  from  the  lowered  sensibility  of  the  respiratory  centre,  mucus  accumu- 
lates in  the  lungs,  and  the  resulting  interference  with-respiration  is  generally 
the  immediate  cause  of  death.  (3)  Death  is  sometimes  sudden.  This 
occurs  most  frequently  in  tumors  of  the  medulla  oblongata,  almost  as  fre- 
quently in  tumors  of  the  cerebellum,  next  in  tumors  of  the  central  ganglia, 
occasionally  in  tumors  of  the  cerebral  lobes,  corpora  quadrigemina,  pons, 
and  base,  but  rarely  in  tumors  of  the  cortex  (Bernhardt).  It  is  probably  to 
be  referred  to  pressure  on  the  respiratory  or  cardiac  centres  of  the  medulla. 
Occasionally  it  seems  to  be  produced  by  the  mere  intensity  of  headache, 
conjoined  with  syncopal  exhaustion  from  vomiting ;  sometimes  it  occurs 
from  the  violence  and  frequency  of  general  convulsions,  as  in  a  case  already 
mentioned.  (4)  Lastly,  death  may  occur  from  some  other  effect  of  the 
cause  of  the  tumor.  The  mechanisms  of  the  class  are  extremely  varied. 
Some  are  intracranial.  Tubercular  meningitis,  for  instance,  is  a  frequent 
cause  of  death  in  tubercular  tumors  of  the  brain,  even  when  the  position  of 
the  latter  makes  it  certain  that  the  meningitis  is  in  no  way  the  direct  result 
of  the  presence  of  the  growth.  A  patient  with  syphilitic  tumor  may  die,  not 
from  this,  but  from  the  effects  of  syphilitic  disease  of  the  vessels.  Other 
fatal  effects  of  the  cause  of  the  tumor  are  extracranial.  In  cases  of  tubercular 
tumor,  it  is  frequent  for  death  to  result  from  the  general  disease.  When  a 
cerebral  tumor,  cancer,  or  sarcoma  is  secondary  to  such  disease  elsewhere, 
the  latter,  and  not  the  former,  is  occasionally  the  cause  of  death.  Lastly, 
the  subjects  of  very  chronic  tumors  not  unfrequently  die  from  intercurrent, 
unrelated  diseases. 

But  cerebral  tumors  are  not  invariably  fatal.  Syphilitic  growths  are  more 
amenable  to  treatment  than  any  other  form  of  intracranial  disease  due  to  the 
same  cause  ;  the  symptoms  often  pass  away,  and  usually  lessen,  the  degree 
of  improvement  depending  on  the  extent  to  which  they  are  due  to  inter- 
ference with  function  by  pressure,  and  not  to  actual  destruction  of  nerve 
elements.  Symptoms  of  irritation,  such  as  convulsions,  may,  however,  per- 
sist in  spite  of  treatment,  the  nerve  elements  retaining  the  functional  disposi- 
tion resulting  from  the  irritative  damage,  although  the  cause  of  this  has  been 
removed.  •  Tubercular  tumors  may  also  cease  to  grow,  and,  as  already  stated, 
may  become  encapsuled.  It  is  probable  that  they  do  not  undergo  actual 
reduction  in  size.  Hence,  in  the  best  result,  the  symptoms  cease  to  increase, 
and  may  even  undergo  some  subsidence  from  the  recovery  of  the  nerve 
elements  damaged- only  by  irritation,  but  there  is  nothing  like  the  amount 
of  recovery  seen  in  cases  of  syphilitic  tumor.  When  arrest  is  once  obtained, 
the  symptoms  may  remain  stationary  for  an  indefinite  period.  It  is  certain 
.that  a  similar  arrest  occurs  in  other  tumors,  although  far  less  frequently.  In 
such  a  case,  degenerative  changes,  often  calcareous,  may  take  place,  and  an 
inert  mass  remains,  giving  rise  to  no  symptoms  except  those  which  result 
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from  the  damage  caused  during  its  active  growth.  For  instance,  I  have 
recorded  elsewhere  *  the  case  of  a  girl  of  fifteen  who  suffered  from  left  hemi- 
plegia, defect  of  sensation,  left  hemianopia,  headache,  and  double  optic 
neuritis,  all  of  gradual  onset  in  the  course  of  three  months.  Under  treat- 
ment, first  the  neuritis  subsided,  then  the  headache,  then  the  leg  improved, 
and  lastly  the  arm,  but  -with  the  development  of  a  spastic  state  in  the  latter, 
which  has  continued  with  the  hemianopia ;  otherwise  she  has  been  now  for 
six  years  perfectly  well.  In  this  case  it  is  probable  that  tubercular  tumor 
existed  in  or  near  the  optic  thalamus.  In  another  case,f  a  girl  of  twenty- 
three  suffered  from  severe  headache,  double  optic  neuritis,  slight  bilateral 
weakness  in  the  limbs,  and  paralysis  of  the  upward  movement  of  both  eyes, 
cycloplegia,  vomiting,  and  some  opisthotonic  convulsions.  All  the  symp- 
toms disappeared  except  the  headache,  and  for  three  years  there  was  no 
recurrence  ;  she  then  died  suddenly.  A  tumor  in  the  corpora  quadrigemina 
or  anterior  part  of  the  middle  lobe  of  the  cerebellum  was  assumed  to  exist, 
and  a  small  degenerated  growth  was  found  in  the  front  of  the  valve  of 
Vieussens. 

Diagnosis. — The  problem  of  the  diagnosis  of  a  case  of  cerebral  tumor 
includes  four  questions,  (i)  Is  there  organic  disease?  (2)  Is  it  a  tumor? 
If  so,  what  are  (3)  its  seat,  and  (4)  its  nature  ?  Of  these  questions,  to  the 
first  an  answer  can  almost  always  be  given,  to  the  second  generally,  to  the 
third  often,  and  to 'the  fourth  sometimes.  (1)  As  evidence  of  organic  dis- 
ease the  focal  symptoms  are  of  more  importance  than  the  "  general  "  (diffuse) 
symptoms.  Of  the  latter,  optic  neuritis  is,  alone,  the  most  significant 
(although  not,  in  itself,  conclusive)  ;  next,  causeless  vomiting ;  while  head- 
ache, giddiness,  and  general  convulsions  are  of  significance  chiefly  when 
combined  with  other  symptoms,  because  they  are  so  frequently  due  to  other 
causes.  Convulsions  beginning  locally  are  of  the  nature  of  "  focal  "  symp- 
toms, but  are  not  alone  conclusive  of  the  existence  of  organic  disease,  since 
they  may  occur  in  idiopathic  epilepsy.  Both  headache  and  giddiness  are 
extremely  common  without  organic  disease;  nevertheless,  headache  is  a 
suspicious  symptom  if  so  severe  as  to  keep  the  patient  awake  at  night,  and 
severe  vertigo  is  also  suspicious  if  there  be  no  indication  that  it  depends  on 
disturbance  of  the  labyrinth.  As  a  rule,  other  symptoms  exist  to  give  sig- 
nificance to  those  which,  alone,  are  equivocal.  Two  conditions  are  most 
likely  to  give  rise  to  diagnostic  error.  One  of  these  is  the  presence  of  diffuse 
symptoms,  due  to  a  blood  state,  which  may  simulate  those  produced  by 
intracranial  tumor.  Headache  and  optic  neuritis  may  be  produced  together 
by  three  general  conditions — anaemia,  kidney  disease,  and  lead  poisoning. 
In  the  first  of  these  the  poverty  of  blood  is  always  extreme;  other  symptoms 
of  anaemia  are  obtrusive ;  the  patients  are  usually  young  girls ;  optic  neuritis 
develops  with  a  rapidity  unusual  in  tumor  ;  all  focal  symptoms  are  absent ; 

*  "  Medical  Ophthalmoscopy,"  Case  2,  p.  282  (2d  edit.). 

f  Loc.  cit.,  Case  52,  2d  ed. 

X  For  the  use  of  the  word  "  organic  disease,"  see  p.  2. 
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and  the  headache  and  neuritis  rapidly  subside  under  the  influence  of  iron, 
especially  if  the  patient  is  kept  at  rest  in  bed,  and  is  well  fed  with  easily- 
digested  food.  In  kidney  disease,  in  which  there  is  conspicuous  neuritis, 
this  is  rarely  very  great  in  degree,  and  a  sufficiently  minute  scrutiny  of  the 
retina  will  usually  reveal  some  of  the  characteristic  degenerative  changes. 
The  meaning  of  these  is  not  open  to  doubt  if  the  neuritis  is  slight.  (Wide- 
spread and  intense  papillitis  may  leave,  near  its  margin,  indications  of 
degeneration,  in  white  spots,  which  then  and  there  have  no  significance.*) 
The  urine  contains  not  only  albumen  (which  may  be  present  also  in  cere- 
bral tumor)  but  also  casts,  while  the  tension  of  the  pulse,  and  hypertrophy 
of  the  heart,  indicate  a  profound  systemic  affection.  Attention  to  these 
symptoms,  and  to  the  absence  of  signs  of  focal  disease,  will  usually  prevent 
an  error  as  to  the  nature  of  the  case.  The  cerebral  symptoms  which  occur 
in  lead  poisoning — headache,  optic  neuritis,  delirium,  and  convulsions — 
would  be  very  liable  to  mislead  if  it  were  not  that  they  are  almost  invariably 
preceded  by  other  symptoms  of  saturnism,  too  conspicuous  to  be  overlooked, 
and  too  distinctive  to  mislead. 

The  second  condition  likely  to  give  rise  to  error  is  that  in  which  a  partial 
functional  affection  of  the  brain  causes  symptoms  which  simulate  those  of 
focal  disease.  Hysterical  hemiplegia,  spasm,  contracture,  or  anaesthesia,  may  be 
thought  to  be  due  to  an  organic  lesion  ;  the  more  readily,  if  attended,  as  they 
usually  are,  by  headache,  or,  as  they  sometimes  are,  by  vomiting.  The  prin- 
ciples of  the  distinction  of  these  simulacra  from  the  diseases  they  imitate 
are  considered  at  length  in  the  chapter  on  hysteria.  The  unilateral  affections 
possess  characters  of  their  own,  which  differ  from  those  of  organic  disease  ;  the 
more  sudden  onset  after  emotional  disturbance  or  a  hysteroid  convulsion, 
and  the  absence  of  unilateral  alteration  of  the  reflexes  and  of  optic  neuritis, 
usually  enable  a  confident  diagnosis  to  be  made.  Hemianesthesia,  involv- 
ing the  special  senses,  is  one  of  the  rarest  effects  of  cerebral  tumor,  and  is 
absolutely  unknown  from  this  cause  without  associated  loss  of  motor  power. 
The  greatest  difficulty  is  presented  by  cases  in  which  the  imitative  tendency 
of  hysteria  has  been  evoked  by  the  witnessed  symptoms  of  a  case  of  actual 
cerebral  tumor.  This  is  sometimes  seen  in  a  child  or  girl  who  has  watched 
the  symptoms  in  a  genuine  case,  and  in  whom  analogous  disturbances  are 
developed  under  the  influence  of  the  mysterious  mimetic  tendency.  But  the 
nature  of  the  case  may  usually  be  recognized  by  the  absence  of  all  symp- 
toms of  organic  disease  which  are  beyond  the  range  of  the  will,  the  mode  of 
development  of  the  subjective  symptoms,  the  difference  they  always  present 
from  their  organic  prototypes,  and  the  causal  influence  which  is  conspicuous. 
A  mistake  is  rarely  made  except  by  those  unfamiliar  with  the  mimetic  charac- 
teristic of  hysteria,  or  whose  judgment  is  clouded  by  sorrow  and  alarm. 

Much  more  frequent  is  the  converse  error ;  the  symptoms  of  a  tumor  are 
ascribed  to  hysteria.  Sometimes  this  is  done  without  a  shadow  of  excuse, 
merely  because  the  patient  is  of  the  female  sex.    More  often  the  fact  that  indi- 

*  Compare  "  Med.  Oph.,''  plate  viii,  Fig.  2. 
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cations  of  hysteria  are  present  is  allowed  to  dominate  the  diagnosis.  In  young 
women,  organic  disease  of  every  kind  is  apt  to  excite  hysterical  disturbance, 
especially  convulsion,  and  this  is  eminently  true  of  cerebral  tumor.  Error 
in  diagnosis  is  readily  avoided  by  attention  to  the  simple  rule,  which,  men- 
tioned already  more  than  once,  cannot  be  too  often  repeated,  that  present 
symptoms  of  hysteria  should  never  be  allowed  to  influence  the  diagnosis 
until  all  indications  of  organic  disease  have  been  sought  for  and  excluded. 
In  cerebral  tumor  such  symptoms  are  never  absent. 

When  convulsions  are  the  chief  symptom,  the  disease  may  be  confounded 
with  idiopathic  epilepsy.  The  mistake  is  chiefly  likely  to  occur  in  cases  of 
slowly-growing  tumor  in  or  near  the  central  convolutions,  as  in  one  recorded 
case,  in  which  the  fits  recurred  during  fourteen  years  and  there  were  long 
periods  of  freedom.  The  fits  which  thus  recur  almost  always  begin  locally, 
but  local  commencement,  while  it  suggests  organic  disease,  does  not  prove 
its  existence,  since,  as  just  stated,  the  discharge  sometimes  begins  locally  in 
idiopathic  epilepsy.  The  most  important  indication  is  the  presence  of  other 
symptoms  besides  the  convulsion.  Occasionally,  in  the  absence  of  other 
symptoms,  causal  indications  may  be  allowed  weight;  e.  g.,  a  history  of 
inherited  tendency  to  epilepsy  on  the  one  hand  or  of  a  tumor-causing  dys- 
crasia,  such  as  syphilis,  on  the  other. 

It  has  been  said  that  the  existence  of  organic  disease  can  almost  always  be 
recognized.  In  rare  cases,  the  presence  of  a  tumor  has  been  unsuspected, 
until  revealed  by  a  post-mortem  examination.  In  most  of  these  it  is  prob- 
able that  unequivocal  symptoms  would  have  been  detected  by  sufficiently 
complete  and  repeated  examination.  For  the  most  part,  these  unsuspected 
tumors  have  been  found  in  patients  who  had  been  suffering  from  some  other 
grave  disease,  in  the  presence  of  which  the  symptoms  of  the  tumor  were 
overlooked  or  misinterpreted. 

(2)  If  the  symptoms  are  such  as  to  indicate  the  presence  of  organic 
disease,  the  second  question  presents  itself — is  the  disease  a  tumor  ?  Organic 
diseases  may  be  divided  into  two  great  classes,  those  of  sudden,  and  those 
of  more  or  less  gradual  development.  In  each  class  the  symptoms  corres- 
pond, in  their  onset,  with  the  character  of  the  lesion.  Cerebral  tumor  falls 
into  the  second  class  and  all  vascular  lesions  into  the  first.  In  the  rare  cases 
of  tumor  in  which  sudden  symptoms  occur,  these  afe  always  preceded  by 
others  of  gradual  development.  Hence  the  fact  that  the  symptoms  are  never 
sudden  in  their  onset,  never  attain  a  high  degree  in  the  course  of  a  few 
hours,  excludes  at  once  the  frequent  vascular  lesions,  cerebral  hemorrhage 
and  acute  softening  of  the  brain.  We  have,  therefore,  only  to  consider  the 
distinction  from  diseases  in  which  the  morbid  process,  and  the  accompany- 
ing symptoms,  are  developed  more  or  less  gradually.  In  some  of  these  the 
process  and  symptoms  are  diffuse,  as  in  general  paralysis  of  the  insane,  and 
chronic  cerebritis ;  in  others  they  are  focal,  as  in  abscess  and  sclerosis,  and 
local  neural  degeneration  ;  in  others  again  they  are  mixed,  as  in  meningitis. 
Aneurism  of  a  cerebral  artery  stands  in  a  different  relation,  since  in  this 
there  is  actually  an  intracranial  tumor. 
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Cases  of  general  paralysis  of  the  insane  can  only  be  confounded  with  the 
rare  cases  of  cerebral  tumor  in  which  symptoms  such  as  mental  failure,  gen- 
eral weakness,  and  slow  speech  exist  alone.  The  absence  of  headache,  optic 
neuritis,  vomiting,  and  the  presence  of  the  tremor  in  the  muscles  of  the 
lips  and  face,  and  of  expansive  delirium,  will  generally  suffice  for  the 
diagnosis. 

Chronic  cerebritis  is  a  rare  disease,  which  causes  diffuse  symptoms  identi- 
cal with  those  that  result  from  cerebral  tumor — severe  headache,  vomiting 
and  optic  neuritis ;  in  the  early  stage  these  are  indistinguishable  from  the 
diffuse  symptoms  of  a  tumor,  but  if  months  pass,  and  no  focal  symptoms 
are  developed,  the  absence  of  a  tumor  may  be  suspected,  but  can  never  be 
a  matter  of  certainty. 

Of  focal  diseases,  intracranial  aneurism,  which  causes  an  intracranial 
"tumor,"  produces  symptoms  often  closely  resembling  those  of  a  growth, 
and  the  only  absolute  distinction  is  the  presence  of  an  audible  aneurismal 
bruit,  distinctly  produced  within  the  skull.  But  the  existence  of  an  aneu- 
rism may  be  suspected  if  the  symptoms  indicate  a  tumor  in  the  situation  of 
a  vessel,  and  if  a  cause  of  aneurism  can  be  traced.  The  question  is  con- 
sidered fully  in  the  chapter  on  intracranial  aneurism. 

Abscess  of  the  brain  sometimes  causes  symptoms  which  closly  resemble 
those  of  tumor.  Headache,  vomiting,  mental  dullness,  and  optic  neuritis 
are  common  to  the  two  diseases,  but  the  last  is  rather  less  common  in  abscess 
than  in  tumor.  Focal  symptoms  are  also  comparatively  rare.  Slowly  pro- 
gressing symptoms,  of  uniform  course,  are  characteristic  of  tumor,  while  in 
abscess  there  is  usually  a  rapid  development  of  acute  and  grave  cerebral  dis- 
turbance, after  a  "  latent  "  period,  in  which  symptoms  are  trifling  or  absent. 
The  presence  of  a  cause  for  abscess  (previous  injury,  ear  disease,  or  suppu- 
ration elsewhere)  increases  the  probability  of  suppuration,  but  it  must  be 
remembered  that  injury  may  cause  either  a  tumor  or  an  abscess.  The  points 
of  distinction  between  the  two  are  described  more  fully  in  the  chapter  on 
abscess  of  the  brain. 

Acute  meningitis  can  rarely  be  confounded  with  cerebral  tumor.  The 
acute  onset  and  rapid  course  of  the  symptoms,  and  the  presence  of  fever, 
are  sufficient  to  distinguish  acute  inflammation  from  growth.  The  only 
difficulty  arises  in  cases  of  tubercular  meningitis  in  which  tubercular  growths 
in  the  brain  coexist  but  cause  few  symptoms,  before  the  onset  of  the  men- 
ingitis. One  important  indication  in  such  cases  is  the  degree  of  optic  neu- 
ritis. That  which  results  from  the  meningitis  alone  is  rarely  considerable  in 
degree,  and  if  the  swelling  of  the  papilla  is  great,  and  hemorrhages  exist — 
especially  if  such  a  change  is  found  soon  after  the  onset  of  the  symptoms  of 
meningitis — it  is  probable  that  there  are  tubercular  growths,  the  more  so  if 
headache  or  vomiting  had  long  preceded  the  onset  of  the  symptoms  of 
inflammation.  When  symptoms  of  any  tumor  develop  rapidly,  in  the  course 
of  ten  days  or  a  fortnight,  a  doubt  may  be  for  a  time  unavoidable  whether 
the  disease  is  tumor,  or  meningitis  running  a  subacute  or  pyrexial  course. 

Occasionally  an  acute  increase  (or  even  apparent  onset).of  the  symptoms  may 
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be  occasioned  by  exposure  to  some  general  or  special  morbid  influence — cold, 
the  heat  of  the  sun,  or  a  blow  on  the  head — an  influence  which  may  con- 
ceivably excite  meningitis.  The  nature  of  the  case  may  often  be  decided 
by  the  indications  just  mentioned,  preceding  headache,  or  a  considerable 
degree  of  optic  neuritis.  If  these  are  absent,  meningitis  is  more  probable 
than  tumor.  In  children,  tubercular  tumors  may  run  an  almost  latent  course 
for  a  time  and  may  then  cause  symptoms  so  rapidly  as  to  render  the  diagnosis 
a  matter  of  great  difficulty.  In  some  cases  a  comparison  of  the  relative 
degree  and  extent  of  the  symptoms  may  help  the  decision.  For  instance, 
an  ill-nourished  child,  five  months  old,  came  under  treatment  for  right-sided 
weakness  and  rigidity,  with  complete  paralysis  of  the  left  third  nerve.  These 
symptoms  were  said  to  have  come  on  a  week  before,  and  the  child  was 
thought  to  be  suffering  from  tubercular  meningitis.  But  it  was  unlikely  that 
so  extensive  a  process  as  meningitis  would  completely  paralyze  one  third 
nerve  and  leave  the  other  cranial  nerves  unaffected.  The  symptoms  pointed 
rather  to  a  focal  lesion  of  the  left  cms  cerebri,  probably  a  tubercular  tumor, 
running  at  first  a  latent  course  ;  the  diagnosis  was  verified  a  few  days  later. 
It  must  be  remembered  also  that  a  tubercular  tumor  and  meningitis  may 
coexist.  In  such  cases  time  alone  can  render'  the  diagnosis  approximately 
sure.  If  symptoms  continue  for  four  or  six  weeks  there  is  almost  certainly 
a  tumor. 

Chronic  meningitis  is  exceedingly  rare  except  as  a  result  of  syphilis  or 
alcoholism.  In  the  latter  case  the  symptoms  are  diffuse — headache,  mental 
dullness,  and  usually  delirium,  rarely  slight  optic  neuritis.  The  headache 
may  be  inconspicuous,  but  the  alcoholic  history  and  marked  alcoholic  tremor 
are  sufficiently  distinctive.  Syphilitic  meningitis  is  often  indistinguishable 
from  tumor,  but  the  absence  of  focal  symptoms,  except  paralysis  of  cranial 
nerves,  suggests  meningitis. 

Only  those  cases  of  cerebral  tumor  in  which  there  is  jerky  incoordination 
can  be  confounded  with  disseminated  cerebro-spinal  sclerosis.  A  sufficient 
distinction  is  afforded  by  the  fact  that  in  sclerosis  the  incoordination  is  bilat- 
eral ;  in  tumor  it  is  always  unilateral ;  in  the  former  there  is  neither  head- 
ache, vomiting,  nor  optic  neuritis.  In  fact,  the  symptoms  of  tumor  are  gen- 
erally so  distinct  that  only  ignorance  of  the  fact  that  such  disease  may  cause 
this  form  of  incoordination  can  cause  any  doubt  to  be  felt  as  to  the  nature 
of  the  case. 

(3)  If  the  disease  is  a  tumor,  the  next  question  is,  where  is  it  ?  The  answer 
depends  on  the  symptoms  present,  the  localizing  significance  of  which  has 
been  already  described,  and  need  not  be  here  recapitulated.  It  is  important  to 
remember  that  the  diagnosis  must  depend,  as  a  rule,  on  the  grouping  of 
symptoms  rather  than  on  the  presence  or  absence  of  any  one  symptom. 
There  is  hardly  any  symptom  which  may  not  be  absent,  wherever  a  tumor 
is  seated,  and  almost  every  individual  symptom  may  be  produced  by  disease 
in  more  than  one  position.  It  must  also  be  remembered  that,  although  the 
general  region  in  which  the  growth  is  placed  may  be  determined  in  the 
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majority  of  instances,  it  is  not  often  that  its  exact  situation  can  be  confi- 
dently affirmed. 

(4)  The  exact  nature  of  the  tumor  can  sometimes  be  determined  with  a 
high  degree  of  probability,  now  and  then  with  practical  certainty.  Much 
more  frequently  hardly  more  than  a  guess  can  be  made — a  guess  that  is 
almost  as  likely  to  be  wrong  as  right.  The  most  important  indications  are 
the  following  : — 

1.  The  presence  of  morbid  growths  elsewhere,  the  nature  of  which  can  be 
determined.  When  symptoms  of  cerebral  tumor  are  consecutive  to  an 
infecting  growth  elsewhere,  e.g.  cancer  of  the  mamma,  etc.,  it  is  practically 
certain  that  the  intracranial  tumor  is  of  the  same  nature.  In  .rare  cases  the 
presence  of  an  hydatid  tumor  in  another  part  indicates  that-  the  cerebral 
tumor  is  of  the  same  nature. 

2.  The  presence  of  a  distinct  general  disease  of  which  intracranial  tumor 
is  a  common  consequence.  These  diseases  are  tubercle  and  syphilis.  In 
adults,  the  signs  of  phthisis  are  rarely  absent  when  there  is  tubercular  tumor 
of  the  brain,  and  their  presence  is  strongly  in  favor  of — their  absence  against 
— the  tubercular  nature  of  the  cerebral  growth.  In  children,  however, 
signs  of  tubercular  disease  elsewhere  are  often  wanting,  and  their  absence  is 
of  much  less  significance  than  their  presence.  The  same  is  true  of  a  family 
history  of  phthisis  and  tubercular  disease.  A  physical  configuration,  such  as 
often  coexists  with  a  tubercular  tendency,  is  also  in  favor  of  the  tubercular 
nature  of  the  growth.  The  symptoms  or  history  of  syphilis,  congenital  or 
acquired,  renders  it  highly  probable  that  the  tumor  is  of  syphilitic  nature. 
The  absence  of  a  history  of  constitutional  syphilis,  if  the  patient  has  had  a 
chancre,  should  not  receive  too  much  weight,  because  it  is  not  uncommon 
for  the  secondary  symptoms  to  have  been  absent  or  overlooked.  Further, 
in  an  adult,  the  possibility  of  the  syphilitic  nature  of  the  disease  cannot  be 
excluded,  unless  we  can  feel  sure  that  the  patient  has  never  been  exposed 
to  the  possibility  of  infection,  that  the  patient  (if  a  woman  her  husband  also) 
has  never  had  impure  sexual  intercourse.  Undoubted  syphilitic  disease  is 
occasionally  met  with,  where  there  is  no  history  or  indication  of  primary  or 
secondary  disease,  the  former  having  been  unnoticed,  the  latter  absent  or 
disregarded.  But  in  both  cases,  of  tubercular  and  syphilitic  indications,  the 
diagnosis  is  a  matter  of  probability  only,  since  a  cerebral  growth  of  different 
nature  sometimes  coexists  with  either  diathesis. 

3.  The  sex  of  the  patient  affords  little  indication  of  the  probable  nature 
of  the  tumor,  and  that  afforded  by  age  is  very  limited.  If  the  patient  is 
under  fifteen,  and  presents  no  indication  of  inherited  syphilis,  the  tumor  is 
certainly  not  of  syphilitic  nature.  If  the  patient  is  an  adult,  and  presents 
no  signs  of  phthisis,  it  is  very  unlikely  to  be  tubercular. 

4.  The  help  afforded  by  the  seat  of  the  tumor  is  also  small,  and  is  prac- 
tically limited  to  the  following  facts.  Cceteris  paribus,  if  the  disease  is 
within  the  cerebellum  or  pons  there  is  some  probability  that  it  is  tubercle  or 
glioma;  it  is  unlikely  to  be  syphilitic  if  in  the  cerebellum,  but  it  may  be  if 
in  the  pons.    If  in  the  cortex,  the  probability  that  it  is  syphilitic  is  consider- 
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able,  but  is  small  it  it  is  situated  in  the  deeper  parts  of  the  hemisphere.'    A 
tumor  outside  the  brain  tissue  is  probably  sarcoma. 

5.  The  course  of  the  tumor  is  sometimes  suggestive.  A  very  slowly-grow- 
ing tumor  in  the  hemispheres  is  probably  glioma,  and  if  the  development  of 
the  symptoms  is  extremely  gradual,  it  is  most  unlikely  that  the  growth  is 
syphilitic.  A  tumor  which  grows  rapidly  at  the  onset  and  then  becomes 
stationary  is  probably  tubercular.  The  occurrence  of  a  sudden  apoplectic 
seizure  of  moderate  severity  in  the  course  of  the  symptoms  is  rare  except  in 
glioma. 

6.  The  effect  of  treatment  is  of  diagnostic  value  only  in  the  case  of  syphi- 
litic and  tubercular  tumors.  A  disappearance  of  symptoms  (especially  head- 
ache, optic  neuritis,  and  recent  paralytic  symptoms)  under  iodide  of  potas- 
sium and  mercury,  makes  it  highly  probable  that  the  tumor  is  syphilitic. 
Improvement  under  general  tonics  is  some  evidence  that  the  tumor  is  tuber- 
cular, but  the  value  of  this  indication  is  at  present  somewhat  dubious,  since 
the  nature  of  most  tumors  which  thus  improve  is  uncertain,  and  it  is  possible 
that  other  than  tubercular  growths  may  be  thus  influenced. 

7.  Multiplicity  of  growth  gives  little  indication  of  nature,  since  tuber- 
cular, syphilitic,  gliomatous  and  cancerous  tumors  are  all  often  multiple. 

Prognosis. — Only  when  the  tumor  is  of  syphilitic  nature  can  a  reasonably 
good  prognosis  be  given.  Even  in  such  a  case  it  is  only  the  disappearance 
of  the  diffuse  symptoms,  and  of  the  recent  paralytic  symptoms,  that  can  be 
confidently  predicted.  Paralysis  of  more  than  a  few  months'  duration  may 
persist,  although  the  growth  is  removed ;  and  convulsions  sometimes  con- 
tinue. Happily  it  is  by  no  means  uncommon  for  all  symptoms  to  pass  away.  * 
In  tubercular  tumors  arrest  is  occasionally  obtained,  and  the  patient  may  live 
on  indefinitely  ;  the  symptoms  in  such  a  case  may  lessen  slightly,  but  those 
that  have  attained  a  considerable  degree  usually  persist.  In  all  these  cases, 
a  diminution  in  the  headache  and  subsidence  of  an  optic  neutritis  which  is 
moderate  in  degree  (which  has  not,  as  it  were,  exhausted  itself  by  its  vio- 
lence) usually  precede  other  indications  of  improvement,  and  are  therefore 
distinctly  favorable  indications.  In  other  forms  of  tumor  the  prognosis  is  very 
grave..  As  a  rule,  they  progress  to  a  fatal  termination,  and  the  probable  dura- 
tion of  life  can  only  be  estimated  from  the  rate  of  the  progress  in  the  part.  It 
is  likely,  however,  to  be  longer  in  tumors  of  the  cerebrum  or  cerebellum 
than  in  those  of,  or  pressing  on,  the  pons  and  medulla.  Considerable  mental 
dullness,  obstinate  vomiting,  severe  and  frequent  general  convulsions,  apo- 
plectic seizures,  and  rapidly-developed  and  intense  optic  neuritis,  are  all 
indications  which  render  the  prognosis  grave  as  to  the  near  future.  On  the 
other  hand,  the  absence  of  these  symptoms  indicates,  other  things  being  equal, 
that  the  danger  is  more  remote.  Very  chronic  optic  neutritis  is  of  especial 
significance  as  an  indication  that  the  course  of  the  disease  will  be  slow  and 
prolonged.  It  is  probable  that,  in  most  forms  of  tumor,  arrest  of  growth 
now  and  then  occurs,  but  these  are  exceptions  too  few  and  far  between  to 
justify,  in  any  given  case,  more  than  the  dimmest  ray  of  hope. 

Treatment. — The  treatment  of  new  growths,  in  such  a  position  that  they 
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are  beyond  the  reach  of  the  knife,  and  of  such  a  nature  that  they  cannot  be 
influenced  by  drugs,  is  always  a  sufficiently  gloomy  subject,  and  not  least  so 
when  they  are  seated  in  an  organ  like  the  brain,  in  which  they  cause  pecu- 
liar and  varied  suffering,  and  in  which  their  development,  even  to  a  mode- 
rate degree,  is  rarely  compatible  with  life.  Too  often  all  that  can  be  done  is 
to  affoid  some  slight  relief  to  symptoms,  and  even  the  possible  relief  is  often 
trifling  in  degree.  The  only  case  in  which  a  considerable  effect  on  the  growth 
can  be  produced  by  drugs  is  that  of  syphilitic  tumor.  Whenever  there  is 
even  a  possibility  that  the  tumor  is  syphilitic,  iodide  of  potassium  should  be 
given  in  increasing  doses  up  to  half  a  drachm  three  times  a  day,  followed,  if 
the  effect  is  inadequate,  by  mercury. 

If  it  is  probable  or  possible  that  the  tumor  is  tubercular,  general  tonics  are 
of  paramount  importance,  and  of  these  cod-liver  oil,  iron,  and  an  inadequate 
supply  of  food,  are  more  often  distinctly  beneficial  than  any  other  agency.  ■ 
Cod-liver  oil  is  of  especial  importance.  Fresh  country  air  is  very  useful, 
but  does  not,  alone,  exert  such  an  influence  as  do  tonics.  I  have  more  than 
once  known  the  symptoms  of  a  cerebral  tubercle,  steadily  increasing  under 
country  air  and  abundant  food,  become  permanently  arrested  when  the 
patient  was  taken  into  a  London  hospital  and  cod-liver  oil  and  iron  were 
given.  A  similar  tonic  treatment  is  indeed  desirable  in  all  cases,  for  arrest 
of  symptoms  occasionally  occurs  under  its  influence  when  there  is  no  reason 
to  think  that  the  tumor  is  tubercular.  It  is  quite  possible  that  tonics  may 
influence  some  other  tumors  in  the  same  way.  There  is  no  evidence  that 
any  other  drugs  are  capable  of  arresting  the  progress  of  morbid  growths. 
Perhaps  arsenic  and  phosphorus,  from  their  marked  influence  on  some  nutri- 
tive processes,  deserve  further  trial. 

The  problem,  then,  in  too  many  cases,  is  the  relief  of  the  symptoms 
which  we  are  powerless  to  arrest  altogether.  Those  that  depend  on  the 
destruction  of  nerve  elements  by  pressure  or  invasion,  the  gradual  palsies, 
no  agent  can  prevent  or  modify.  But  those  that  depend  on  meningitis — 
which  extend  beyond  the  original  range  of  mischief,  and  are  characterized 
by  subacute  onset,  with  increased  headache  and  vomiting,  and  often  by 
fever — may  sometimes  be  relieved  by  counter-irritation  and  by  leeches,  if 
the  patient  is  in  a  condition  to  bear  these.  Of  the  other  symptoms  of  tumor, 
headache  is  one  which  often  calls  urgently  for  attempts  at  its  mitigation,,  since 
it  often  renders  the  patient's  life  one  of  almost  continuous  agony.  Relief  can 
usually  be  obtained  by  the  hypodermic  injection  of  morphia,  but  the  ready 
habituation  to  the  narcotic  renders  its  use  admissible  only  in  the  most  acute 
paroxysms.  Indian  hemp  is  more  often  useful  than  other  sedatives  except 
morphia.  Sometimes  counter-irritation  to  the  neck  gives  relief  to  occipital 
pain,  but  no  application  is  so  effective  as  ice,  which  often  lessens  not  only 
the  pain  but  the  vomiting  and  convulsions.  For  the  latter  bromide  of  potas- 
sium is  rarely  useful.  Chloral  is  more  often  effective,  morphia  occasionally, 
but  the  agent  which  seems  to  do  good  in  one  series  of  convulsions  may  fail 
entirely  in  the  next.  Although  bromide  has  little  influence  over  the  convul- 
sions which  are  due  to  active  irritation,  it  often  controls  the  consecutive  fits, 
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which  recur,  for  instance,  after  active  syphilitic  mischief  has  been  removed 
by  iodide.  In  all  cases  as  much  brain  rest  as  possible  should  be  secured, 
active  physical  exertion  and  constipation  should  be  avoided,  since  all  these 
influences  tend  to  increase  the  headache  and  other  symptoms. 

During  the  last  few  years  some  intracranial  tumors  have  been  successfully 
brought  into  the  domain  of  surgery  by  MacEwen,  Godlee,  and  especially 
by  Horsley.  With  the  help  of  antiseptic  surgery,  the  removal  of  a  tumor 
from  the  brain  has  been  proved  to  be  a  less  dangerous  operation  than  some 
others  that  are  performed.  It  is  only,  however,  a  small  proportion  of  intra- 
cranial growths  in  which  an  operation  can  be  undertaken  with  sufficient  pros- 
pect of  success  to  render  it  justifiable.  The  cases  suitable  for  an  operation 
are  those  in  which  the  growth  is  in  or  just  beneath  the  cortex  of  the  brain. 
It  is  chiefly  in  tumors  of  the  motor  legion  that  the  symptoms  are  such  as  to 
■  indicate  the  seat  of  the  disease  with  the  necessary  precision.  Probably 
tumors  of  the  occipital  lobe,  causing  hemianopia,  or  of  the  first  temporal, 
disturbing  the  auditory  function,  may  also  be  successfully  removed. 

On  the  other  hand,  it  is  not  probable  that  tumors  of  the  central  ganglia, 
crura,  pons,  or  base  can  be  successfully  removed.  A  growth  in  one  hemi- 
sphere of  the  cerebellum  would  no  doubt  be  accessible,  but  such  tumors 
seldom  cause  distinctive  symptoms  until  they  are  of  large  size,  and  even  then 
it  is  scarcely  possible  to  ascertain  their  exact  situation.  The  middle  lobe  of 
the  cerebellum  is  so  inaccessible  and  so  close  to  important  structures  that  it 
is  not  likely  that  the  removal  of  a  tumor  could  be  survived. 

The  operation  itself  is  a  formidable  one,  and  its  mortality  will  probably 
be  found  to  be  considerably  higher  than  was  suggested  by  the  earlier  cases. 
There  remains,  of  necessity,  a  considerable  area  of  the  skull  from  which 
bone  is  absent,  and  some  protecting  cap  has  afterward  to  be  worn.  There 
remains,  also,  a  permanent  loss  of  brain  substance,  often  larger  than  that 
influenced  by  the  growth,  with  some  consequent  permanent  loss  of  function. 
Of  the  ultimate  success  of  the  operation  it  is  too  soon  to  speak.  The  entire 
removal  of  infiltrating  tumors  is  a  matter  of  considerable  difficulty,  and  hence 
it  is  of  great  importance  that  there  should  be  no  unnecessary  delay  before 
the  operation  is  undertaken,  whenever  the  symptoms  of  a  tumor  are  conclu- 
sive. But  it  is  of  great  importance  that  antisyphilitic  treatment  should  first 
be  thoroughly  tried  in  any  case  in  which  it  is  even  possible  that  the  disease 
may  be  amenable  to  such  treatment.  It  must  be  remembered,  also,  that 
tubercular  tumors  often  become  latent  and  cease  to  trouble  the  patient.  It 
is  not  often,  however,  that  a  tubercular  tumor  is  in  a  situation  from  which 
its  removal  is  practicable.  Syphilitic  growths,  on  the  other  hand,  are  often 
cortical,  and  in  this  case  great  caution  is  necessary. 
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INTRACRANIAL  ANEURISM. 

Both  the  larger  arteries  of  the  brain  and  their  branches  within  the  cere- 
bral substance  are  occasionally  the  seat  of  aneurismal  dilatation.  Within 
the  brain  the  aneurisms  are  minute,  rarely  exceeding  a  pin's  head  in  size, 
and  hence  are  called  "  miliary  aneurisms."  They  are  important  chiefly  as 
causing  hemorrhage  into  the  substance  of  the  brain,  in  connection  with 
which  they  have  been  described  (p.  774).  Only  the  aneurisms  of  the  larger 
cerebral  arteries  will  be  considered  in  this  section.  Such  aneurisms  are  more 
common  in  the  vessels  of  the  brain  than  in  those  of  similar  size  elsewhere, 
partly  on  account  of  the  considerable  blood  pressure  to  which  these  vessels 
are  exposed,  and  partly  because  their  walls  are  more  frequently  the  seat  of 
morbid  changes. 

Causes. — Males  suffer  more  frequently  than  females,  in  the  proportion  of 
three  to  two.  Practically  unknown  under  ten  years  of  age,*  aneurisms 
occur  in  each  decade  of  life,  from  ten  to  sixty,  with  nearly  equal  frequency ; 
after  sixty  they  become  rare,  but  are  met  with  occasionally  up  to  extreme 
old  age.  About  an  equal  number  occur  before  and  after  forty,  and  about 
one-sixth  in  the  second  decade  of  life.  Thus  they  are  much  more  frequent 
during  the  first  half  of  life  than  are  aneurisms  elsewhere".  An  explanation 
for  this  is  found  in  their  immediate  causes. 

There  appears  to  be,  in  rare  cases,  a  peculiar  inherited  tendency  to  the 
formation  of  aneurism.  A  distinguished  physician  died  young,  from  the 
rupture  of  an  intracranial  aneurism ;  ten  years  later  his  brother,  a  medical 
student  aged  twenty,  showed  me  a  distinct  aneurism  on  an  artery  of  the 
hand. 

The  immediate  cause  of  an  intracranial  aneurism  is  the  same  as  that  of 
aneurisms  elsewhere,  a  change  in  the  structure  of  the  wall  whereby  the 
muscular  and  elastic  tissue  is  replaced  by  simpler  fibroid  tissue.  In  conse- 
quence of  this  the  elasticity  and  contractility  of  the  wall  are  lost,  it  becomes 
distensible,  and  yields  permanently  under  the  blood  pressure.  An  aneurismal 
bulging  results,  which  goes  on  increasing  as  the  walls,  thinned  by  extension, 
lose  still  further  their  power  of  resistance.  But  the  mechanism  by  which 
this  structural  change  is  produced  varies  in  different  cases.  There  may  be  a 
primary  degeneration,  or  local  damage  to  the  wall  may  be  caused  by  injury, 
by  syphilitic  disease,  or  by  embolism.  Primary  degeneration  and  traumatic 
influences  cause  aneurism  elsewhere  more  frequently  than  within  the  skull, 
but  syphilitic  disease  and  embolism  cause  aneurism  much  more  frequently  in 
this  than  in  other  situations. 

(1)  Primary  degeneration  is  an  occasional  cause  in  the  'second  half  of 
life.     It  may  be  a  fibroid  change  or  simple  atheroma.     Often  there  is  exten- 


*  Although  aneurisms  are  practically  unknown  in  children  it  is  probable  that  disease  of 
the  arteries  due  to  inherited  syphilis  may  cause  aneurism,  since  it  may  certainly  cause  cerebral 
hemorrhage.  An  instance  in  a  boy  of  eight  is  mentioned  on  p.  778.  The  occurrence  of 
aneurism  from  embolism  is  also  possible  under  ten,  although  I  do  not  know  of  any  recorded 
instance. 


908  BRAIN. 

sive  fatty  and  calcareous  degeneration  of  the  vessels  at  the  base,  and,  on 
one  of  them,  a  distinct  aneurism. 

(2)  Injury  is  a  rare  cause :  an  aneurism  slowly  develops  after  a  blow  or 
fall  on  the  head,  apparently  in  consequence  of  the  change  in  the  wall  of 
the  artery  produced  by  inflammation  spreading  to  it  from  adjacent  structures. 
Possibly  the  wall  of  the  vessel  is  sometimes  directly  damaged. 

(3)  Syphilitic  disease  affects,  as  is  well  known,  the  arteries  of  the  brain 
more  frequently  than  those  of  other  parts.  Its  characters  have  been 
described  at  p.  811.  A  new  growth  infiltrates  the  wall,  destroying  the 
muscular  tissue,  and  if  it  subsides  after  attaining  a  considerable  degree,  it 
may  leave  cicatricial  damage,  rendering  the  artery  distensible.  An  aneurism 
has  been  frequently  met  with  in  cases  of  constitutional  syphilis  in  young 
persons,  in  whom  no  other  cause  was  discoverable. 

(4)  Embolism  is  probably  the  most  frequent  cause  in  the  first  half  of  life. 
There  are  few  cases  during  this  period,  without  indications  of  syphilis  or 
injury,  in  which  there  is  not  evidence  of  past  or  present  heart  disease.* 
We  know  that  the  fragments  of  lymph  which  are  washed  from  the  valves  in 
endocarditis  have  often  an  irritative  character,  bearing  septic  material  or 
organisms,  which  may  excite  inflammation  similar  to  that  in  the  place  from 
which  they  come.  It  is  in. the  highest  degree  probable  that  the  origin  of 
aneurisms  which  occur  in  this  association  is  the  imperfect  occlusion  of  an 
artery  by  such  a  fragment  of  lymph,  which  excites  inflammation  in  the  wall 
of  the  vessel,  and,  as  a  result  of  this  inflammation,  the  wall  becomes  disten- 
sible. In  these  cases  the  arteries  of  the  brain  are  free  from  any  general 
disease.  It  is  in  harmony  with  this  theory  that  the  middle  cerebral, 
embolic  occlusion  of  which  is  the  most  frequent,  is  that  vessel  on  which 
aneurisms  are  most  common,  and  that  in  these  cases  there  are  often  several 
aneurisms.f 

General  Pathology. — Aneurisms  are  twice  as  common  in  the  system  of 
the  internal  carotid  as  in  that  of  the  vertebrals.  The  middle  cerebral 
branches  are  affected  more  often  than  any  other,  but  only  a  little  more 
frequently  than  the  basilar,  the  two  together  making  up  more  than  half  the 
number  of  cases.  Next  in  frequency  is  the  internal  carotid  itself,  which  is, 
however,  diseased  only  half  as  frequently  as  the  middle  cerebral.  In  two- 
thirds  of  the  cases  of  aneurism,  one  of  these  three  vessels  is  the  seat  of  the 

*  The  frequency  of  heart  disease  was  noted  by  Lebert  and  other  observers,  but  the  signifi- 
cance of  the  association  was  first  pointed  out  by  Church. 

f  Recent  medical  literature  abounds  with  illustrations  of  the  association  of  intracranial 
aneurisms  and  endocarditis.  One  striking  instance  may  be  quoted.  A  boy,  twelve  years 
old,  suffered  from  mitral  disease  after  rheumatic  fever,  and  after  death  there  was  found  circum- 
scribed deposits  on  the  mitral  valve,  and  numerous  infarcts  in  the  spleen  and  kidneys.  At 
the  origin  of  the  left  posterior  cerebral  artery  from  the  basilar  there  was  a  small  aneurism  the 
size  of  a  pea,  and  the  right  posterior  cerebral  was  closed  by  an  embolus,  immediately  behind 
which  was  another  aneurism  the  size  of  a  pea.  The  artery  beyond  was  obliterated.  Here 
we  have  a  demonstration  of  the  local  association  of  the  two  processes  ( Rauchfuss,  St.  Peters- 
burg med.  Wochenschrift,  Feb.  18th,  1878,  and  Virckow 's  Jahresb.,  I8"j8,  vol.  ii,  p.  102. 
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disease.  The  other  arteries  are  affected  in  the  following  order  of  frequency : 
anterior  cerebral,  posterior  communicating,  anterior  communicating,  verte- 
bral, posterior  cerebral,  inferior  cerebellar*  Aneurism  of  the  arteries  of 
the  central  ganglia,  within  the  substance  of  the  brain,  are  very  rare.  A 
remarkable  instance  in  which  an  aneurism  in  the  lenticular  nucleus  attained 
the  size  of  a  small  chestnut  before  it  caused  death  by  rupture,  has  been 
recorded  by  Bastian.f  Other  instances  are  on  record  in  which  an  aneurism, 
although  not  found,  was  probable,  because  fatal  hemorrhage  occurred  under 
the  conditions  in  which  aneurisms  are  produced. J 

Aneurisms  are  rather  more  common  on  the  left  side  than  on  the  right,  in 
the  proportion  of  four  to  three.  In  about  a  fifth  of  the  cases  there  is  more 
than  one  aneurism.  In  character,  the  aneurism  is  almost  always  a  true  saccu- 
lated aneurism ;  very  rarely  dissecting.  Occasionally,  there  is  a  general 
dilatation  of  the  vessel.  The  walls  are  usually  thin,  but  often  they  are  lined 
by  laminated  clot,  and  sometimes  supported  by  thickened  and  adherent 
membranes.  In  size  they  commonly  vary  from  a  pea  to  a  nut,  sometimes 
attaining  a  larger  size.  They  have  been  met  with  as  large  as  a  hen's  egg  on 
the  internal  carotid,  anterior  cerebral,  basilar  and  posterior  cerebral,  and  as 
large  as  a  pigeon's  egg  on  the  middle  cerebral  and  posterior  communicating 
arteries.  In  shape  they  are  usually  round,  sometimes  oval.  The  surface  is 
red  and  smooth,  and  the  tumor  often  has  the  aspect  of  a  small  round  mass  of 
clot,  the  wall  being  so  thin  as  to  be  invisible.  When  rupture  has  taken 
place,  the  aneurism  is  in  the  midst  of  a  coagulum,  and  great  care  may  be 
needed  to  discover  it.  It  is  best  to  wash  away  the  clot  slowly  by  a  gentle 
stream  of  water. 

An  aneurism,  except  it  be  of  very  small  size,  necessarily  obtains  room  by 
compressing  adjacent  structures.     The  cerebral  substance  may  be  thus  dam-  ■ 
aged,  the  nerves  at  the  base  compressed,  and  even  the  bone  eroded.     It  is 
by  this  means  that  the  chief  symptoms  are  produced. 

Rupture  of  the  aneurism  occurs  in  rather  more  than  half  the  cases,  and  in 
a  still  larger  proportion  in  the  young.  Most  frequently  the  blood  escapes 
into  the  membranes  at  the  base  of  the  brain.  The  opening  in  the  aneurism 
is  usually  small,  and  the  escape  of  blood  is  gradual  and  sometimes  intermiN 
tent.     It  may  be  forced  from  the  base  into  the  fourth  ventricle  by  the  open- 

*  The  following  is  the  numerical  frequency  in  1 54  cases  obtained  by  combining,  in  so  far  as 
they  do  not  overlap,  the  statistics  of  Lebert  {Berlin,  klin.  Wockenschrift,  1866),  Durand 
("  Des  aneurysms  du  Cerveau,"  Paris,  1868),  and  Bartholow  (Amer.  Joiirn.  Med.  Sciences, 
Oct.  1872),  and  the  addition  of  ten  cases  recorded  by  others,  Middle  cerebral,  44  cases; 
basilar,  41 ;  internal  carotid,  23 ;  anterior  cerebral,  14;  posterior  communicating,  8;  anterior 
communicating,  8 ;  vertebral,  7;  posterior  cerebral,  6;  inferior  cerebellar,  3. 

f  Trans.  Clin.  Soc,  1884,  p.  18. 

%  Another  instance  is  the  case  of  hemorrhage  in  a  boy  of  eight  with  inherited  syphilis  and 
arterial  disease,  mentioned  already.  A  very  instructive  case  of  hemorrhage  into  one  corpus 
striatum,  bursting  into  the  ventricles,  in  a  boy  of  fifteen,  with  slight  mitral  disease,  has  been 
recorded  by  Bastian  (Trans.  Clin.  Soc,  xvii,  1884, p.  21).  In  each  of  these  cases  an  aneu- 
rism of  a  cerebral  artery  was  highly  probable. 
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ings  through  which  liquid  escapes  out  of  the  ventricle ;  this  distention  of 
the  fourth  ventricle  is  occasionally  the  immediate  cause  of  death.  In  some 
cases,  however,  in  which  the  aneurism  is  supported  by  thickened  membranes 
on  its  outer  side,  it  gives  way  where  it  is  in  contact  with,  and  perhaps 
embedded  in,  the  brain  substance,  and  the  hemorrhage  occurs,  not  into  the 
membranes,  but  into  the  brain.  Thus  the  blood  from  an  aneurism  of  the 
middle  cerebral  may  escape  into  the  hemisphere  until  it  reaches  the  lateral 
ventricle,  and  I  have  known  an  aneurism  of  the  commencement  of  the 
posterior  cerebral  to  tear  up  and  infiltrate  the  pons  before  it  escaped  exter- 
nally. The  slowness  of  the  hemorrhage  probably  favors  its  extension  into  the 
brain,  the  blood  slowly  disintegrating  the  tissue  before  it,  along  the  line  of 
least  resistance.  In  one  case  a  narrow  fistulous  tract  of  blood  extended 
from  an  aneurism  of  the  middle  cerebral  to  the  lateral  ventricle.  An  aneu- 
rism of  the  internal  carotid  has  been  known  to  burst  into  the  cavernous 
sinus. 

General  Symptomatology. — A  small  aneurism,  in  any  situation,  may 
cause  no  symptoms,  and  its  existence  may  be  unsuspected  until  rupture 
occurs.  Such  latency  is  most  common  in  aneurisms  of  the  anterior  com- 
municating and  the  cerebellar  arteries,  and  it  is  not  infrequent  in  those  of 
the  middle  cerebral  and  basilar.  When  symptoms  occur,  these  are  partly 
general,  partly  local.  Headache  is  the  most  common  ;  it  is  usually  continu- 
ous, but  sometimes  paroxysmal.  Its  seat  has  little  relation  to  the  position  of 
the  aneurism,  except  that  it  is  usually  occipital  when  the  basilar  artery  is 
diseased.  Giddiness  is  also  common,  whatever  be  the  seat  of  the  aneurism. 
Mental  dullness  and  irritability  have  been  caused  by  aneurisms  in  various 
situations,  but  most  frequently  when  the  anterior  cerebral  was  diseased,  least 
frequently  by  aneurism  of  the  internal  carotid  and  middle  cerebral.  Con- 
vulsions are  not  frequent  except  in  aneurism  of  the  middle  cerebral.  Large 
aneurisms  in  any  situation  may  cause  paralysis  of  limbs,  but  this  is  most  fre- 
quently due  to  those  of  the  middle  cerebral  and  basilar.  The  cranial  nerves 
are  often  paralyzed,  as  they  are  adjacent  to  the  vessels  most  frequently 
affected  (see  Fig.  311).  Optic  neuritis  is  not  common;  it  has  been  occa- 
sionally met  with,  but  only  in  aneurism  of  the  internal  carotid ;  when 
present  it  is  double.  Probably  an  ophthalmoscopic  examination  would  have 
revealed  it  in  a  larger  proportion  of  cases.  A  murmur,  the  most  common 
symptom  of  aneurisms  elsewhere,  is  very  seldom  produced  by  those  within 
the  skull.  In  a  few  recorded  cases*  of  aneurism  of  the  internal  carotid, 
not  only  has  the  patient  been  conscious  of  a  murmur,  but  this  has  been  dis- 
tinctly audible  on  auscultation  of  the  skull,  and  has  been  arrested  by  pres- 
sure on  the  carotid.  In  one  case  of  aneurism  of  the  left  vertebral  artery, 
beside  the  medulla  oblongata,  a  loud  murmur  could  be  heard  on  each  side, 
between  the  mastoid  process  and  the  spinal  column. f. 

When  embolism  causes  an  aneurism,  the  obstruction  is  necessarily  partial, 


*  Coe,  Holmes  of  Chicago,  Hutchinson,  Humble,  Jeaffreson. 
t  Moser,  Deut.  Arch.f.  kl.  Med.,  Bd.  35,  p.  418. 
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and,  as  a  rule,  the  causal  process  causes  no  symptoms.  Nevertheless,  it  is 
possible  that  transient  symptoms  sometimes  occur  at  the  time  of  the  embol- 
ism. In  the  case  recorded  by  Bastian,  mentioned  in  the  note  at  p.  787, 
three  years  before  the  fatal  apoplexy  the  boy  was  suddenly  convulsed,  and 
afterward  screamed  for  two  or  three  hours.  A  careful  inquiry  might  elicit 
a  history  of  transient  symptoms  in  many  of  these  cases. 

ANEURISMS  OF  SPECIAL  ARTERIES. 
The  symptoms  produced  by  aneurisms  of  special  arteries  depend  on  the 
structures  adjacent  to  these  vessels.  Their  relations  are  imperfectly  presented 
in  the  brain  after  it  has  been  removed.  Fig.  311,  representing  the  chief 
relations,  is  from  a  dissection,  made  at  my  suggestion  by  Mr.  Shattock,  for 
the  purpose  of  showing  the  relative  positions  of  the  chief  arteries,  nerves, 


Fig.  311. 
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Relations  of  the  arteries  and  nerves  at  the  base  of  the  brain,  from  an  actualt  dissection  in  which  the  bones, 
membranes,  and  wall  of  the  cavernous  sinus  were  removed  from  the  left  side.  INF,  inf.indibulum ;  C.  S., 
cavernous  sinus :  PT.  P.,  pterygoid  process  ;  OC.  B.,  occipital  bone.  The  cranial  nerves  are  indicated  by 
Roman  numerals;  the  names  of  the  arteries  are  marked  upon  them.  {After  a  drawing  by  Mr.  C.  E. 
Adams.)  • 


and  other  structures  at  the  base  of  the  brain.  A  reference  to  it  will  render 
clearer  many  points  in  the  special  symptomatology  of  the  intracranial 
aneurisms. 

Internal  Carotid. — An  aneurism  may  be  formed  within  the  cavernous 
sinus,  or  after  the  artery  has  emerged  from  this,  as  it  lies  on  the  inner  side 
of  the  anterior  clinoid  process  and  origin  of  the  optic  nerve,  with  the  origin 
of  the  olfactory  nerve  in  front  of  it.  The  aneurism  may  compress  the 
adjacent  frontal  and  temporo-sphenoidal  lobes,  but  its  chief  symptoms  are 
due  to  compression  of  the  optic  nerve  on  the  inner  side,  and  of  the  nerves 
in  the  wall  of  the  cavernous  sinus  on  the  outer  side.  The  sight  of  the 
eye  on  that  side  fails.     The  third  nerve  usually  suffers  early,  and  ptosis  may 
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be  the  first  symptom,  but  all  the  muscles  may  ultimately  become  paralyzed, 
and  the  eyeball  may  lose  sensibility  in  consequence  of  damage  to  the  oph- 
thalmic branch  of  the  fifth.  Smell  also  is  often  impaired.  When  the  aneu- 
rism is  large,  and  extends  backward,  it  may  cause  hemiplegia  by  pressure 
on  the  crus.  Generally  the  pressure  effect  is  limited  to  the  ocular  nerves. 
Rupture  has  occurred  in  less  than  half  the  cases.  Transient  fullness  of  the 
retinal  veins  has  been  observed  to  result  from  the  compression  of  the  cavern- 
ous sinus  by  a  carotid  aneurism,  but  the  pressure  is  quickly  relieved  by  the 
free  communication  of  the  ophthalmic  and  facial  veins ;  the  enlarged  angular 
vein  may  be  conspicuous  beneath  the  skin.  Optic  neuritis,  when  it  exists, 
is  apparently  due,  not  to  the  pressure  on  the  sinus  or  the  nerve,  but  to  the 
extension  of  inflammation  in  the  vicinity  of  the  aneurism  (Michel). 

Anterior  Cerebral. — The  aneurism  is  usually  in  front  of  the  origin  of 
the  vessel,  sometimes  at  a  bifurcation.  The  artery  runs  between  the  optic 
and  the  olfactory  nerves,  and  an  aneurism  of  this  part  exerts  compression 
on  the  same  parts,  and  produces  nearly  the  same  symptoms,  as  one  of  the 
internal  carotid,  with  the  important  exception  that  the  nerves  to  the  muscles 
of  the  eyeball  generally  escape.  An  aneurism  further  forward  may  cause  no 
local  symptoms.  The  sac  usually  has  very  thin  walls,  and  rupture  occurs  in 
more  than  half  the  cases. 

Anterior  Communicating. — The  tumor  exerts  pressure  only  on  the  inner  sur- 
face of  the  frontal  lobes.  The  aneurism  is  usually  small,  and,  as  a  rule,  no 
symptoms  are  produced.  The  wall  is  thin,  and  rupture  occurs  early  in  most 
cases. 

Posterior  Communicating. — The  aneurism  is  usually  situated  near  the 
origin  of  the  artery  from  the  internal  carotid.  It  compresses  the  adjacent 
temporo-sphenoidal  lobe,  and  the  pressure  may  even  reach  the  corpus  stri- 
atum and  optic  thalamus.  The  third  nerve  is  that  which  most  frequently 
suffers.  Affection  of  sight  is  also  common,  but  it  is  usually  incomplete,  and 
we  have  no  exact  observations  on  its  character.  Probably  there  is  hemi- 
anopia  from  pressure  on  the  optic  tract,  which  the  artery  crosses.  Hemiplegia 
is  rare,  in  spite  of  the  proximity  of  the  vessel  to  the  crus  cerebri,  because 
the  aneurism  is  thin  walled,  and  usually  bursts  before  it  has  attained  con- 
siderable size  or  has  exerted  considerable  pressure. 

Middle  Cerebral. — The  aneurism  is  sometimes  nearthe  origin  of  the  vessel, 
but  more  often  within  the  fissure  of  Sylvius,  sometimes  on  one  of  its 
branches.  Occasionally  there  is  more  than  one  aneurism.  The  chief  pressure 
is  on  the  hemisphere,  and  when  the  aneurism  is  within  the  fissure  of  Sylvius, 
the  pressure  may  reach  the  corpus  striatum.  Paralysis  of  cranial  nerves  is 
rare  ;  on  the  other  hand,  hemiplegia  and  convulsions  are  common.  Speech 
is  occasionally  affected  when  the  disease  is  on  the  left  side.  Rupture  occurs 
in  two-thirds  of  the  cases.  Aneurisms  on  the  central  branches  of  the  mid- 
dle cerebral  are  small,  and  probably  cause  no  symptoms  until  they  burst. 

Vertebral. — A  distinct  aneurism,  such  as  is  shown  in  Fig.  274,  p.  662,  is 
extremely  rare.  In  most  conditions  thus  described  there  has  been  only  a 
general  dilatation  of  the  vessel,  often  determined  by  an  original  inequality 
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in  the  size  of  the  two  arteries.  Important  as  are  the  adjacent  structures, 
symptoms  have  seldom  been  observed  in  the  cases  in  which  this  dilatation 
was  found.  In  the  case  figured,  facial  spasm  was  the  result  of  the  compres- 
sion of  the  nerve  trunk. 

Basilar. — Although  absolutely  second  in  frequency  of  affection,  if  the 
short  length  of  the  vessel  is  taken  into  consideration,  the  basilar  exhibits 
a  greater  tendency  to  suffer  than  any  other  artery.  Occasionally  there  is 
general  dilatation ;  more  frequently  the  anterior  extremity  is  enlarged  j 
sometimes  there  is  an  aneurism  on  one  side  of  the  vessel  in  the  middle  of  its 
course  ;  rarely  it  is  near  the  origin  from  the  vertebral.  The  pressure  is  dif- 
ferently distributed  according  to  the  position  of  the  aneurism.  Usually 
the  pons  suffers  chiefly,  sometimes  on  one  side  only,  and  the  pressure  may 
even  extend  to  the  middle  peduncle  of  the  cerebellum  and  the  adjacent 
hemisphere.  Occasionally  the  aneurism  extends  into  the  pons  so  deeply  as 
to  reach  the  fourth  ventricle.  The  compressed  portion  is  often  softened. 
An  aneurism  of  the  anterior  part  may  compress  the  crus ;  one  of  the  pos- 
terior part,  the  pyramids  and  olivary  bodies  of  the  medulla.  The  third 
nerves  rarely  suffer,  but  the  cranial  nerves  from  the  fifth  to  the  vagus  are 
frequently  compressed,  according  to  the  situation  of  the  tumor.  The  hypo- 
glossal usually  escapes.  Internal  hydrocephalus  is  an  occasional  consequence 
of  the  obstruction  to  the  escape  of  liquid  from  the  lateral  and  third  ventri- 
cles. Rupture  occurs  in  about  half  the  cases;  it  is  usually  sub-arachnoid, 
although  the  blood  sometimes  escapes  into  the  substance  of  the  pons.  In 
about  one-third  of  the  cases  there  have  been  no  symptoms,  a  fact  which,  as 
Lebert  observed,  is  remarkable,  considering  the  important  adjacent  struc- 
tures. Headache  is  occipital  in  position,  and  may  be  severe.  Giddiness  is 
more  pronounced  than  in  aneurisms  elsewhere.  The  other  symptoms  are 
those  common  to  basal  tumors  in  this  situation  ;  paralysis  of  the  limbs  may 
be  bilateral  or  unilateral,  and  one  or  more  cranial  nerves  may  be  paralyzed 
opposite  to  the  side  on  which  the  limbs  are  chiefly  affected.  The  fifth  suf- 
fers most  frequently,  and  sometimes  there  is  neuro-paralytic  ophthalmia. 
Difficulty  in  articulation  and  in  swallowing  are  occasional  symptoms.  Con- 
vulsions are  rare.  Besides  the  terminal  apoplexy  which  results  from  rupture, 
apoplectic  attacks  occasionally  occur,  and  even  end  in  death,  without  rup- 
ture, in  consequence  of  softening  adjacent  to  the  aneurism,  which  is  some- 
times due  to  the  closure  of  a  branch. 

Posterior  Cerebral. — The  aneurism  is  usually  situated  not  far  from  the 
origin  of  the  vessel,  and  may  compress  the  upper  part  of  pons,  crus,  temporo- 
sphenoidal  lobe,  and  the  third  and  sixth  nerves.  Hence,  when  symptoms 
have  existed,  there  has  been  hemiplegia  with  alternate  paralysis  of  these  two 
nerves,  especially  of  the  third. 

Cerebellar  Arteries. — Both  the  superior  and  inferior  anterior  cerebellar 
arteries  have  been  found  affected  with  small  aneurisms,  but  the  pressure 
effects  are  too  various,  and  usually  also  too  slight,  to  permit  any  general 
statement. 
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COURSE. 

The  duration  of  an  aneurism  can  only  be  inferred  from  the  inadequate 
evidence  afforded  by  the  duration  of  the  symptoms.  It  is  certain,  however, 
that  this  varies  between  wide  limits,  from  a  few  weeks  to  five  or  six  years. 
In  some  cases  the  sac  becomes  filled  with  clot,  and  a  spontaneous  cure  is  thus 
effected.*  The  majority  of  cases  have  ended  by  the  rupture  of  the  aneurism, 
which  is,  so  far  as  past  experience  has  gone,  invariably  fatal.  Quickly  deep- 
ening coma,  and  sometimes  convulsions,  result  from  the  hemorrhage  into  the 
membranes,  and  death  often  results  in  a  few  hours,  although  sometimes  the 
hemorrhage  occurs  so  slowly  that  life  is  prolonged  for  days.  Now  and  then 
one  or  more  remissions  occur,  the  cause  of  which  can  be  traced,  post-mortem, 
to  be  the  temporary  cessation  of  the  hemorrhage,  the  blood  having  evidently 
been  effused  at  different  dates.  When  the  hemorrhage  occurs  into  the  brain 
substance,  the  symptoms  are  similar  to  those  in  ordinary  cerebral  hemor- 
rhage. 

Diagnosis. — In  a  considerable  number  of  cases  the  diagnosis  of  intra- 
cranial aneurism  is  impossible,  because  it  produces  no  symptoms  until  its 
rupture.  When  symptoms  are  present,  they  are  commonly  those  of  a  tumor 
at  the  base  of  the  brain,  pressing  on  the  cranial  nerves  and  motor  tract. 
The  aneurism  is  a  tumor,  and  its  distinction  from  a  growth  is  often  impossi- 
ble ;  sometimes  it  may  be  made  with  greater  or  less  probability,  very  rarely 
with  certainty.  It  is  certain  only  when  a  murmur  exists,  audible  on  auscul- 
tation of  the  skull.  But  such  a  murmur  has  only  been  heard  in  a  few  cases 
of  aneurism  of  the  internal  carotid  and  vertebral.  In  other  arteries  the 
force  of  the  blood  current  seems  to  be  insufficient  to  produce  it.  The  range 
of  certain  diagnosis  is  thus  extremely  limited.  But  the  distinction  may  be 
made  with  some  probability  when  the  symptoms  of  a  tumor,  in  the  position 
of  a  vessel,  develop  in  a  patient  who  presents  one  of  the  two  causes  of  aneu- 
rism, arterial  degeneration  and  present  or  past  heart  disease.  Syphilis  and 
injury,  two  other  causes,  have  little  diagnostic  significance,  because  each 
(and  syphilis  especially)  is  a  cause  of  growth  more  frequently  than  of  aneurism. 
It  might  be  thought  that  aneurism  elsewhere  would  occasionally  aid  the  diag- 
nosis, but,  as  a  matter  of  fact,  the  coincidence  is  too  rare  to  be  of  practical 
importance. 

When  the  pressure  is  exerted  only  on  cranial  nerves,  the  distinction  from 
local  meningitis,  such  as  results  from  syphilis,  may  be  extremely  difficult, 
especially  if  the  patient  has  suffered  from  this  constitutional  disease.  The 
most  important  indication  is  that  treatment  rarely  fails  to  remove  the  symp- 
toms in  simple  syphilitic  disease,  while  it  has  little  influence  in  cases  of 
aneurism. 

In  all  cases  the  fact  that  the  tumor  is  in  the  position  of  an  artery  is  of  con- 
siderable diagnostic  importance.  The  special  symptoms  which  indicate  this 
have  been  already  described.     The  seat  of  pain  is  of  significance  only  when 


*  A  case  in  which  this  occurred  in  an  aneurism  of  the  internal  carotid  has  been  recorded 
by  Mr.  Hutchinson  {Clin.  Soc.  Trans.,  187s)- 
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it  is  occipital  (basilar  artery).  Loss  of  sight  in  one  eye,  sometimes  extend- 
ing to  the  other;  with,  or  especially  without,  optic  neuritis;  with  or  without 
loss  of  smell  on  the  side  first  affected — occurs  in  aneurism  of  the  internal 
carotid  or  anterior  cerebral,  and  the  distinction  between  the  two  depends  on 
the  presence  or  absence  of  paralysis  of  the  other  nerves  to  the  eyeball  first 
affected,  which  occurs  especially  when  the  aneurism  is  of  the  internal  carotid. 
Paralysis  of  the  third  nerve  without  loss  of  sight  in  one  eye  is  produced  by 
aneurism  of  the  posterior  communicating,  and  associated  with  hemiplegia  on 
the  opposite  side,  by  aneurism  of  the  posterior  cerebral.  Hemianopia  would 
increase  the  probability  of  an  aneurism  in  this  part  of  the  base.  Affection 
of  the  fifth  alone  is  of  little  significance,  but  with  bilateral  weakness  in  the 
limbs,  difficulty  of  articulation  or  of  swallowing,  it  is  produced  by  aneurism 
of  the  basilar,  and  so  also  is  paralysis  of  the  cranial  nerves  below  the  sixth, 
usually  associated  with  weakness  of  the  limbs  on  the  opposite  side.  Hemi- 
plegia is  of  little  significance  in  itself,  but  if  considerable  it  is  unlikely  that 
there  is  an  aneurism  of  either  the  anterior  cerebral  or  the  posterior  com- 
municating arteries.  Simple  convulsions,  epileptiform  in  character,  are  not 
common,  but  if  they  begin  locally  they  suggest  that  the  disease  is  in  the 
middle  cerebral,  and  if  they  are  opisthotonic,  that  it  is  in  the  basilar.  These 
symptoms  are  of  diagnostic  significance  only  in  the  presence  of  a  cause  of 
aneurism. 

The  occurrence  of  rupture,  with  severe  apoplectic  symptoms,  increases 
very  much  the  probability  of  the  diagnosis,  although  it  is  then  a  matter 
rather  of  scientific  curiosity  than  of  practical  importance.  Even  if  no  pre- 
vious symptoms  have  existed,  it  may  be  suspected  that  sudden  apoplexy, 
Steadily  deepening  in  degree,  is  due  to  the  rupture  of  an  aneurism,  if  it 
occurs  in  a  young  person,  especially  if  there  is  a  history  of  heart  disease  or 
of  syphilis,  or  of  injury  to  the  head.  The  characters  of  the  apoplexy 
afford  but  limited  indications  of  the  probable  seat  of  the  aneurism.  Those 
suggestive  of  meningeal  hemorrhage  are  of  no  localizing  significance.  The 
symptoms  of  cerebral  hemorrhage,  at  first  unilateral  and  subsequently  ven- 
tricular, suggest  an  aneurism  of  the  middle  cerebral,  and  this  is  the  more 
probable  if  there  are  at  first  unilateral  convulsions.  The  symptoms  of  hem- 
orrhage into  the  pons  suggest  an  aneurism  of  the  basilar,  or  of  the  com- 
mencement of  the  posterior  cerebral  artery. 

The  difficulties  of  the  diagnosis  of  aneurism  do  not  always  cease  with 
life.  The  damage  to  the  tissues  and  vessels,  caused  by  the  hemorrhage  that 
follows  rupture,  may  render  it  impossible  to  find  the  remains  of  a  small 
aneurism.  Hence,  the  occurrence  of  fatal  cerebral  hemorrhage  in  a  person 
under  forty  who  has  no  kidney  disease,  and  who  has  suffered  from  valvular 
disease  of  the  heart,  syphilis  acquired  or  inherited,  or  has  had  a  blow  on 
the  head,  justifies  a  strong  suspicion  of  aneurism,  even  if  no  aneurism  can 
be  actually  found. 

Prognosis. — If  the  diagnosis  of  an  intracranial  aneurism  is  certain  the 
prognosis  is  extremely  grave.  The  probability  that  death  will  result  is  very 
great,  and  the  duration  of  life  is  most  uncertain,  since  it  is  impossible  to  say 
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how  near  or  how  distant  may  be  the  fatal  rupture.  These  conclusions  are 
not  invalidated  by  the  fact  that,  in  a  considerable  proportion  of  recorded 
cases,  rupture  has  not  occurred.  In  most  of  these  the  aneurisms  were  small, 
and  caused  no  symptoms.  The  question  of  prognosis  relates  only  to  aneu- 
risms which  have  caused  symptoms,  and  in  most  of  these  cases  rupture  has 
occurred.  But  the  end  may  not  be  near;  in  many  cases  the  symptoms 
have  continued  for  two,  three,  or  five  years,  and  if  stationary,  the  chance 
of  long  duration  is  slightly  greater.  Nor  is  a  fatal  issue  absolutely  certain. 
A  spontaneous  cure  of  intracranial  aneurism  has  been  more  than  once 
observed.  In  aneurism  of  the  internal  carotid,  the  prognosis  is  distinctly 
better  than  in  that  of  other  arteries,  because  more  can  be  done  by  treat- 
ment, or  at  least  has  been  done,  than  when  other  vessels  are  the  seat  of  the 
disease. 

Treatment. — If  an  intracranial  aneurism  is  suspected,  it  is  important  to 
avoid  as  far  as  possible  all  influences  which  tend  to  increase  the  arterial 
pressure,  as  exertion  and  stooping,  or  which  tend  to  accelerate  the  move- 
ment of  the  blood,  as  alcohol.  To  these  ends  also  the  bowels  should  be 
kept  loose,  and  the  patient  should  sleep  with  head  and  shoulders  well  raised. 
If  there  is  reason  to  suspect  that  the  aneurism  is  of  syphilitic  origin,  iodide 
of  potassium  should  be  given  to  prevent  increase  of  the  disease  in  the  wall, 
although  it  is  not  to  be  anticipated  that  the  removal  of  the  syphilitic  ele- 
ments can  influence  an  aneurism  already  developed.  Ergotin  has  been  rec- 
ommended, but  on  doubtful  grounds,  as  the  wall  of  an  aneurism  contains  no 
tissue  on  which  the  drug  can  act.  More  reasonable  measures  are  those 
designed  to  favor  coagulation  in  the  sac.  These  consist,  first,  in  the  "starva- 
tion "  treatment,  the  utility  of  which  in  intracranial  aneurism  has  still  to  be 
proved.  Secondly,  iodide  of  potassium  has  been  given,  to  promote  coagu- 
lation, and  with  a  result  which  certainly  warrants  its  employment.  In  one 
case*  the  patient,  a  woman  aged  forty,  suffered  from  right  frontal  headache, 
photophobia,  impaired  vision  in  the  right  eye,  and  paralysis  of  the  external 
rectus ;  a  systolic  murmur  could  be  heard,  loudest  at  the  right  temple. 
Iodide  of  potassium  was  given  in  doses  increasing  to  thirty-six  grains  daily. 
Four  months  later,  after  a  violent  attack  of  vomiting  and  purging,  the  mur- 
mur suddenly  ceased,  and  did  not  recur.  In  five  weeks  the  paralysis  of  the 
external  rectus  had  disappeared.  There  can  be  no  doubt  that  an  aneurism 
existed,  and  that  coagulation  had  occurred  in  the  sac.  The  immediate  cause 
of  the  clotting  was  probably  the  prostration  from  the  vomiting  and  purging, 
but  it  is  at  least  possible  that  the  result  may  have  been  favored  by  the  iodide 
of  potassium,  since  this  drug  certainly  promotes  coagulation  in  aortic 
aneurisms.  The  third  method  of  promoting  coagulation  in  the  sac  is  to 
ligature  the  artery  from  which  the  diseased  vessel  derives  its  supply  of  blood. 
Hitherto  this  has  only  been  adopted  in  the  case  of  aneurism  of  the  internal 
carotid,  for  which  the  common  carotid  has  been  tied  with  success.  It  is 
only  in  aneurism  of  this  artery  that  the  diagnosis  has  been  sufficiently  sure 


*  Recorded  by  Dr.  Humble,  of  Corfe  Castle,  Lancet,  187s,  ii,  pp.  490  and  874. 
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to  justify  the  surgeon's  interference.  If  other  aneurisms  could  be  diagnosed 
with  equal  certainty,  this  measure  would  certainly  be  often  justifiable.  For 
basilar  aneurism  the  vertebrals  would  have  to  be  tied,  but  Dr.  Alexander,  of 
Liverpool,  has  shown  that  this  operation  is  practicable,  and,  if  not  devoid 
of  danger,  is  attended  with  less  risk  than  is  the  aneurism  itself.  When 
rupture  has  occurred,  no  treatment  has  hitherto  had  any  influence.  The 
fact,  however,  that  the  escape  of  blood  may  be  slow  and  intermittent  sug- 
gests that  a  copious  venesection  might  afford  a  very  slender  chance  of  arrest- 
ing the  hemorrhage. 


DEGENERATIONS  OF  THE  BRAIN. 


CHRONIC  PROGRESSIVE  SOFTENING  OF  THE  BRAIN. 

The  old  view,  that  softening  may  occur  as  a  primary  process,  although 
wrong  as  regards  the  common  acute  softening,  seems  to  be  justified  by  rare 
cases  in  which  softening  occurs  without  demonstrable  association  with  vas- 
cular disease,  and  is  so  gradual  in  its  onset  and  slowly  progressive  in 
its  course,  as  to  make  such  an  association  very  improbable.  Some  cases  of 
this  kind  have  been  collected  by  Wernicke,*  and  a  few  other  instances  are 
to  be  found  in  medical  literature,  old  and  recent.  The  affection  is  almost 
always  seated  in  the  white  substance  of  the  hemisphere,  and  consists  of 
simple  white  softening,  presenting,  under  the  microscope,  only  the  products 
of  degeneration.  The  affected  area  is  often  sharply  limited  from  the  adjacent 
normal  substance.  The  extent  of  the  lesion  varies  much  in  different  cases. 
The  gray  matter  of  the  cortex  appears  never  to  be  primarily  affected,  but  it 
may  suffer  secondarily  when  the  softening  of  the  white  substance  is  exten- 
sive. The  diffluent  tissue  may  then  be  limited  externally  by  the  pia  mater 
and  a  thin  layer  of  cortical  gray  matter  below  this.  Chronic  softening  some- 
times affects  the  cerebellum,  but  it  there  differs  from  the  cerebral  softening 
since  the  cortex  suffers  more  than  the  white  substance.  I  have  seen  the  cortex 
of  almost  the  whole  of  both  hemispheres  of  the  cerebellum  uniformly  softened 
and  atrophied,  while  the  white  substance  was  unaffected.  In  this  case  there 
was  also  softening  in  the  cerebral  hemispheres. 

The  certain  cases  are  too  few  to  afford  much  information  regarding  the 
causes  of  chronic  progressive  softening.  All  that  can  be  said  is  that  it  occurs 
in  both  sexes,  and  is  a  disease  of  the  second  half  of  life,  most  frequent 
between  sixty  and  eighty.  The  chief  symptoms  are  hemiplegia — motor  and 
sensory — of  gradual  onset.  Weakness  commences  in  one  part  and  gradually 
spreads  to  the  whole  of  one  side.  Considerable  sensory  loss  is  rare.  Slight 
irritation  symptoms  are  common ;  rigidity  often  accompanies  the  com- 
mencing paralysis,  but  may  cease  when  it  is  fully  developed.  -Numbness, 
tingling,  and  formication  in  the  limbs  are  also  common,  and  in  some  cases 

*  "  Lehrbuch  der  Gehirn-Krankheiten,"  Bd.  ii,  149. 
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these  have  been  the  seat  of  paroxysmal  pain .  Convulsions  are  very  rare.  There 
may  be  occasional  attacks  of  giddiness,  but  apopletic  seizures  do  not  occur 
in  the  chronic  form.  Intellect  may  be  little  affected,  or  the  patient  may 
become  dull  and  apathetic,  and,  toward  the  last,  comatose.  But  it  is  not  com- 
mon for  the  cerebral  symptoms  to  increase  until  death  ;  more  often  they  reach 
a  certain  degree  of  severity  and  then  remain  stationary ;  death  ultimately 
occurs  from  bedsores,  pneumonia,  or  some  other  intercurrent  senile  malady, 
perhaps  favored  by  the  nervous  state.  The  duration  of  recorded  cases  has 
usually  varied  between  two  months  and  two  years. 

Although  it  is  not  probable  that  the  condition  is  directly  related  to  arte- 
rial disease,  the  latter  is  present  in  most  senile  cases,  and  may  have  an  indirect 
influence  in  determining  the  lesion.  The  white  substance  is  partly  nourished 
by  the  central,  partly  by  the  cortical  vessels,  and  in  the  district  between  the 
two  regions  of  blood  supply,  small  foci  of  softening  are  not  uncommon,  as 
Charcot  has  shown.  More  extensive  softening  in  this  region  may  be  an 
occasional  result  of  considerable  diminution  of  the  blood  supply  without 
any  actual  occlusion  of  vessels.  In  favor  of  this  view  is  the  fact  that  sub- 
acute and  acute  cases  are  met  with  which  present  every  gradation  of  course 
between  the  chronic  form  and  the  ordinary  sudden  form  of  softening.  In 
the  chronic  variety  the  softening  has  been  regarded  as  inflammatory,  but 
only  on  the  ground  of  the  initial  symptoms  of  irritation — evidence  that 
seems  inadequate. 

It  will  be  seen  that  the  chronic  symptoms  bear  a  considerable  resemblance 
to  those  of  cerebral  tumor.  A  difference  is  in  the  fact  that  headache  is 
more  often  absent  than  present,  and  very  rarely  reaches  the  degree  of  inten- 
sity that  is  so  characteristic  of  tumor.  The  greatest  diagnostic  difficulty  is 
presented  by  cases  of  very  chronic  course.  If  symptoms  develop  in  a  sub- 
acute manner,  reach  a  considerable  degree  of  intensity  in  six  weeks  or  two 
months,  and  then  remain  stationary,  the  distinction  from  tumor  is  more 
easy,  because  a  rapidly-growing  new  formation  rarely  undergoes  arrest. 
The  age  of  the  patient  is  also  of  some  significance;  in  the  first  half  of  life 
tumor  is  more  probable  than  softening.  The  occurrence  of  convulsions  is 
also  strongly  against  softening.  Of  the  ophthalmoscopic  changes  in  chronic 
softening  little  is  known,  but  it  is  probable  that  a  very  intense  optic  neuritis 
is  in  favor  of  tumor. 

Little  can  be  said  regarding  the  treatment  of  these  cases.  Our  knowledge 
of  them  depends  only  on  the  cases  in  which  the  nature  of  the  disease 
has  been  ascertained  by  a  post-mortem  examination,  and  in  these  it  does  not 
appear  that  any  treatment  employed  had  an  appreciable  influence  on  the 
course  of  the  disease.  The  next  most  suitable  measures  will  probably  be 
those  recommended  for  the  chronic  stage  of  acute  softening,  rest,  nutritious 
food,  with  general  and  cardiac  tonics. 
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DISSEMINATED  OR  INSULAR  SCLEROSIS. 

The  disease  thus  named  consists  in  the  formation  of  scattered  islets  of 
sclerosis  in  various  parts  of  the  brain  and  spinal  cord,  sometimes  also  in  the 
cranial  nerves.  Our  knowledge  of  the  affection  is  recent.  The  lesion  was, 
indeed,  long  since  figured  by  Carswell  and  Cruveilhier,  and  was  described 
thirty  years  ago  by  Frerichs,  Rindfleisch,  etc.,  but  the  malady  was  not  gen- 
erally recognized  until  re-investigated  by  Vulpian  and  by  Charcot  and  his 
pupils,  and  described  by  Charcot  in  his  widely-circulated  "Lectures."  It 
is  called  by  the  French,  "Sclerose  en  Plaques  Disseminees,  "  and  by  the 
Germans,  "  Multiple  Sclerosis."  The  apt  designation  "  Insular  Sclerosis  " 
was  proposed  by  the  late  Dr.  Moxon,  who  first  described  the  disease  in  this 
country. 

The  pathological  relations  of  the  morbid  process  are  still,  to  a  large 
extent,  obscure,  and  much  remains  to  be  done  in  elucidating  its  clinical  his- 
tory, and  in  distinguishing  it  from  allied  diseases,  whether  it  is  to  be  sepa- 
rated from  them  or  not.  As  regards  the  symptoms  of  the  typical  form,  little 
can  be  added  to  the  description  given  by  Charcot,  but  there  is  much  uncer- 
tainty regarding  the  history  of  untypical  varieties. 

Three  forms  of  the  disease  have  been  distinguished  by  Charcot — cerebral, 
spinal,  and  cerebro-spinal,  according  to  the  situation  of  the  islets  of  sclerosis, 
and  the  corresponding  difference  in  the  symptoms  they  produce.  The 
cerebro-spinal  variety  must  be  regarded  as  the  typical  form,  which  gives  rise 
to  the  complete  series  of  symptoms. 

Etiology. — Insular  sclerosis  occurs  in  both  sexes  with  nearly  the  same 
frequency.  It  is  met  with  at  almost  all  periods  of  life  between  childhood 
and  old  age,  but  especially  in  the  first  half  of  adult  life.  The  vast  majority 
of  the  cases  commence  between  twenty  and  thir-ty-five.  In  one  verified  case 
it  commenced  at  seven ;  *  in  another  as  late  as  sixty,  but  in  old  age  it  is 
extremely  rare.  Direct  heredity,  or  the  affection  of  two  brothers  or  sisters, 
has  been  noted  in  a  few  instances,  but  is  quite  exceptional.  It  is  more  com- 
mon for  the  patient  to  come  of  a  neuropathic  stock,  and  to  present  a  family 
history  of  epilepsy  or  of  some  form  of  chronic  paralysis.  Still  more  com- 
monly, however,  no  hereditary  or  family  predisposition  can  be  traced.  In 
about  half  the  cases  the  disease  develops  without  any  apparent  exciting 
cause.  Among  the  morbid  influences  to  which  it  has  been  immediately 
ascribed,  the  most  frequent  are  exposure  to  cold,  mental  distress  and  over- 
work, some  acute  disease,  an  injury  to  the  central  nervous  system,  or  some 
specific  febrile  disease.  Among  the  latter,  typhoid  fever  and  smallpox  are 
the  most  frequent  antecedents ;  it  has  also  been  known  to  follow  diphtheria 
and  erysipelas.  The  preceding  morbid  processes  in  the  nervous  system 
have  been  apparently  acute  or  subacute  inflammation  (myelitis,  etc.), 
primary,  or  secondary  to  some  severe  concussion.  The  acute  symptoms  have 


*  Symptoms  suggestive  of  insular  sclerosis  have  been  met   with   even  in  very  young 
children. 
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subsided  completely  or  partially,  and  after  an  interval,  sometimes  of  a  year 
or  more,  the  indications  of  insular  sclerosis  have  slowly  developed. 

Pathological  Anatomy. — The  islets  of  sclerosis  that  characterize  the 
disease  are  always  irregular  in  situation,  scattered  as  it  were  at  random 
through  the  central  nervous  system.  The  only  law  which  can  be  traced  in 
this  distribution  is  that  they  generally  commence  in  the  white  substance.  In 
the  brain  they  seldom  invade  the  gray  matter  of  the  cortex,  and  never  begin 
in  it,  although  the  white  substance  of  the  centrum  ovale  usually  contains 
many  areas  of  disease.  They  are  irregular  in  shape,  and  vary  in  size  from 
that  of  a  pea  to  that  of  a  walnut.  In  color  they  are  reddish  gray,  a  little 
darker  than  the  normal  gray  substance  of  the  cortex,  and.  rather  more  trans- 
lucent. Their  section  is  usually  on  the  level  of  that  of  the  adjacent  cere- 
bral tissue,  occasionally  it  is  a  little  depressed,  but  on  the  surface  they  are 
sometimes  slightly  prominent.  The  sclerosis  does  not,  however,  increase 
perceptibly  the  volume  of  the  part  in  which  it  occurs.  To  the  naked  eye 
the  islets  are  sharply  defined;  the  transition  to  the  normal  tissue  is  sudden. 
The  consistence  of  the  sclerosis  is  usually  a  little  greater  than  that  of  the 
brain  tissue,  and  they  are  sometimes  distinctly  firm  ;  occasionally,  in  old 
cases,  some  may  be  almost  cartilaginous  in  their  firmness.  Owing  to  the 
position  of  the  islets  in  the  cerebral  hemisphere  there  is  usually  no  indicar 
tion  of  their  presence  on  the  surface  of  the  brain,  even  when  a  large  num- 
ber are  found  in  its  interior.  Although  the  cortex  is  seldom  involved,  the 
central  ganglia  are  frequently  invaded,  and  the  sclerosis  is  sometimes  abund- 
ant beneath  the  lining  membrane  of  the  lateral  ventricle  (Fig.  312,  C)  and 
in  the  corpus  callosum.  In  the  crus  and  pons  the  islets  are  often  numerous; 
some  may  be  conspicuous  on  the  surface  from  their  contrast  with  the  white 
fibres  which  constitute  the  superficial  layer  of  these  parts,  while  others  are 
scattered  through  the  interior  of  the  pons  or  medulla.  They  are  met  with 
also  in  the  cerebellum,  but  are  usually  few,  and  here  also  are  confined  to  the 
white  substance.  In  the  spinal  cord,  the  areas  of  disease  appear  on  the 
surface  as  gray  patches  ;  they  are  irregular  in  size,  but  usually  of  greater  ver- 
tical than  transverse  extent,  and  on  section  they  are  seen  to  extend  for  a 
variable  distance  in  the  substance  of  the  cord,  sometimes  through  a  consid- 
erable part  of  one-half  (Fig.  312,  D).  Often  not  a  single  section  of  the  cord 
is  free  from  disease.  Occasionally,  in  cases  of  long  duration,  the  disease 
extends  through  the  whole  thickness  of  the  cord,  the  surface  of  which  is 
gray  throughout  at  this  part,  and  the  sclerosis  thus  becomes  diffuse.  Such 
diffuse  sclerosis  of  the  lower  part  of  the  cord  has  been  met  with  in  association 
with  characteristic  insular  sclerosis.of  the  upper  part  of  the  cord  and  of  the 
brain.  Very  rarely  a  diffuse  slight  sclerosis  has  united  the  nodules  in  the 
brain.  The  cranial  nerves  are  often  involved  ;  for  a  certain  distance  the 
nerve  may  be  gray  in  its  entire  thickness  or  in  part.  The  olfactory,  optic, 
third,  fifth,  and  facial  nerves  are  those  that  have  been  most  frequently 
diseased.  Less  commonly  the  roots  of  some  of  the  spinal  nerves  are 
affected. 

In  the  diseased  areas,  there  is  an  overgrowth  of  the  neuroglia  and  a  wast- 
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ing  of  the  nerve  fibres.  The  tissue  contains  connective-tissue  elements,  glia 
cells  and  fibres,  spider  cells,  and  ultimately  a  mass  of  fine  fibres,  denser  in 
aspect  than  the  fibres  of  the  normal  neuroglia.  Among  these  tissue  elements 
there  may  be  fatty  granules  and  globules,  the  remains  of  the  degenerated 
nerve  elements.  The  nerve  fibres  that  pass  through  are  changed  in  various 
degrees.  The  chief  alteration  is  a  narrowing  of  the  white  substance,  which 
becomes  reduced  (as  seen  in  section)  to  a  narrow,  scarcely  appreciable  ring 
around  the  axis  cylinder,  and  even  this  may  cease  to  be  recognizable.  The 
axis  cylinders  persist  longest,  but  ultimately  they  may  disappear.*  The  walls 
of  the  vessels  become  thickened,  and  the  increase  of  the  connective-tissue 
elements  may  appear  to  start  from  them.     Should  the  sclerosis  involve  the 


Fig.  312. 


Insular  sclerosis. 

A.  Centrum  ovale  of  right  hemisphere. 

B.  Pons  and  medulla.  - 

C.  Peri-ependymal  sclerosis  around  the  descending  cornu  of  the  lateral  ventricle.    (A,  B,  and  C  are  from 
an  original  case.) 

D.  Sections  of  the  spinal  cord  to  show  the  varying  distribution  of  the  sclerosis  at  different  regions.    [After 
-  Leyden.) 


gray  substance,  the  nerve  cells  become  atrophied.  Over  the  affected  region 
there  may  also  be  a  slight  thickening  of  the  pia  mater,  but  rarely  sufficient 
to  be  recognized  with  the  naked  eye. 

If  an  area  of  sclerosis  occupies  part  of  a  tract  of  fibres  that  is  liable  to 
undergo  secondary  degeneration,  such  degeneration  may  or  may  not  be 
found  beyond  the  part-  diseased.  The  difference  seems  to  depend  on  the 
condition  of  the  axis  cylinders ;  as  long  as  the  change  is  confined  to  the 


*  The  persistence  of  the  axis  cylinders  was  first  pointed  out  by  Charcot,  and  has  been 
since  confirmed  by  Schultze,  Dejerine,  Babinski,  and  others. 
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white  substance  of  the  nerve  fibres  there  is  no  secondary  degeneration,  but 
as  soon  as  the  axis  cylinders  begin  to  suffer,  degeneration  follows. 

Symptoms. — The  wide  variations  in  the  position  of  the  islets  of  sclerosis 
entails  a  corresponding  difference  in  the  symptoms  that  are  produced.  Loss 
of  muscular  power  in  the  limbs,  variously  distributed,  and  often  at  first  par- 
tial, is  the  most  constant  manifestation  of  the  disease.  Since  the  morbid 
process  usually  involves  the  pons  and  spinal  cord,  as  well  as  the  brain,  some 
islets  can  hardly  fail  to  occupy  the  motor  tract.  The  deficiency  of  power 
in  the  arms  is  associated  with  a  peculiar  symptom,  a  jerky  incoordination, 
sometimes  to  be  observed  also  in  the  legs,  but  in  less  characteristic  form. 
Some  of  the  cranial  nerves  also  are  often  paralyzed.  Among  other  symp- 
toms, nystagmus  is  exceedingly  common,  and  so  also  is  a  peculiar  disturbance 
of  articulation. 

The  variation  in  the  character  of  the  symptoms  extends  also  to  their  order 
and  to  their  mode  of  onset.  In  some  cases  the  peculiar  incoordination  in 
the  hands,  or  in  one  alone,  is  the  first  indication  of  the  disease.  In  other  and 
more  frequent  cases,  the  legs  first  become  weak,  or  the  patient  is  unsteady 
in  standing  or  walking.  Less  commonly  some  cranial  nerve  palsy  occurs  at 
the  onset,  or  speech  is  observed  to  be  peculiar,  but  in  the  majority  of  cases 
the  limb  symptoms  precede  the  others. 

Of  the  individual  symptoms,  the  jerky  tremor  is  the  most  peculiar  and 
characteristic.  It  is,  as  just  observed,  chiefly  manifested  in  the  arms.  At 
rest  the  limb  is  still,  and  presents  no  spontaneous  tremor,  but  as  soon  as  a 
movement  is  attempted,  in  the  endeavor,  for  instance,  to  take  hold  of  some 
object,  the  arm  is  thrown  about  in  a  wildly  irregular  manner,  and  moves  in 
sudden  quick  jerks,  now  in  one  direction,  now  in  another,  until  at  last,  by  a 
great  effort,  and  sometimes  with  a  sudden  dash,  the  patient  succeeds  in  grasp- 
ing the  object.  If  he  tries  to  raise  a  glass  of  water,  the  movements  are  so 
wild  that  all  the  contents  of  the  glass  are  probably  spilled.  In  an  attempt 
to  write,  the  violent  movements  produce  only  irregular  strokes  upon  the 
paper  as  the  hand  dashes  to  and  fro,  and  often  the  pen  is  broken  in  the 
attempt.  In  some  instances  the  movements  are-  slighter  in  range  and  more 
regular.  It  is  said  that  in  rare  instances  the  movements  have  been  known 
to  continue  during  rest,  but  there  is  some  doubt  as  to  the  nature  of  such 
exceptional  cases.  The  movements  are,  as  a  rule,  increased  by  effort,  by 
emotion,  and  by  attention.  The  more  the  patient  tries  to  overcome  them, 
the  more  violent  they  are.  The  muscles  of  the  neck  often  share  the  disorder 
of  movement,  and  there  is  irregular  oscillation  of  the  head,  and  sometimes 
of  the  trunk,  whenever  the  patient  sits  up. 

Some  weakness  usually  accompanies  this  irregular  incoordination  ;  it  may 
be  at  first  very  slight,  and,  indeed,  at  the  very  onset  it  may  be  absent,  even 
when  the  tremor  is  distinct.  Once  established,  the  loss  of  power  gradually 
increases. 

The  jerky  irregularity  has  been  ascribed  by  Charcot  to  an  irregular  resist- 
ance to  conduction  in  the  nerve  fibres  at  the  sclerosed  spot ;  it  is  supposed 
that  the  changes  in  the  white  substance,  or  in  the  axis  cylinder,  interfere 
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with  conduction  along  the  latter,  and  as  this  change  is  unequal  in  degree, 
even  in  adjacent  fibres,  there  is  a  various  degree  of  retardation  of  the  volun- 
tary influence  on  the  muscles,  and  hence  the  irregularity  of  the  contractions. 
This  hypothesis  derives  some  support  from  the  fact  that  a  precisely  similar 
symptom  is  present  in  some  cases  of  tumor  of  the  brain,  in  which,  for  instance, 
a  tubercular  growth  compresses  the  motor  path,  as  in  the  case  of  tubercle  in 
the  crus,  shown  at  Fig.  310,  p.  888.  I  have  met  with  this  symptom  also  in 
a  case  of  tubercle  of  the  pons.  To  some  (Erb,  etc.)  the  theory  has  appeared 
inadequate,  and  they  incline  to  the  alternative  explanation,  that  the  disorder 
is  due  to  the  occurrence  of  islets  of  sclerosis  in  some  particular  situation  in 
which  they  derange  the  coordinating  function.  The  symptom  is  said  to 
coincide  with  sclerosis  of  the  pons,  and  to  be  absent  in  cases  in  which  the 
lesion  is  confined  to  the  spinal  cord. 

While  the  characteristic  tremor  usually  accompanies  loss  of  power  in  the 
arms,  the  legs  more  often  present  either  simple  incoordination  or  simple 
weakness.  The  latter  is  the  more  common,  and  is  often  the  earliest  symp- 
tom of  the  disease.  Weakness  may  commence  in  one  leg  before  the  other, 
or  in  both  at  the'  same  time.  It  is  usually  accompanied  by  an  excess  of 
myotatic  irritability  (foot  clonus,  etc.).  which  goes  on  to  spasm,  so  'that  a 
state  of  spastic  paraplegia  is  established.  This  is  indicative,  as  in  other 
cases,  of  degeneration  of  the  lower  parts  of  the  pyramidal  tracts.  Such 
degeneration  in  this  disease  is  secondary ;  the  consequence  of  the  develop- 
ment of  a  patch  of  sclerosis  somewhere  in  the  dorsal  region  of  the  cord, 
involving  the  pyramidal  tracts.  In  the  rare  cases  in  which  the  lesion  is 
limited  to  the  spinal  cord,  such  spastic  paraplegia  may  be  the  only  symptom 
of  its  presence.  The  ataxy  of  the  legs,  that  is  present  in  other  cases,  varies 
in  its  character,  and  probably  also  in  its  mechanism.  In  some  cases  there  is 
a  jerky  incoordination  resembling  that  in  the  arms,  and  probably  produced 
in  the  same  manner,  whatever  that  may  be.  In  this  condition  also  the 
myotatic  irritability  is  increased,  and  as  paralysis  increases  spasm  comes  oh. 
In  other  cases  the  spastic  palsy  is  accompanied  by  simple  unsteadiness,  more 
like  cerebellar  than  spinal  ataxy.  It  is  possible  that  this  is  due  to  the  inter- 
ference with  the  upward  conduction  of  the  path  in  the  posterior  median 
columns,  by  which  the  sensory  impressions  from  the  muscles  probably  pass 
to  and  influence  the  cerebellum.  In  a  third  and  much  rarer  group  there  is 
ataxy  with  loss  of  the  knee  jerk,  a  condition  closely  resembling  that  of  true 
tabes.  It  is  possible  that  this  condition  may  be  the  consequence  of  the 
development  of  a  patch  of  sclerosis  in  the  posterior  columns  in  the  lumbar 
region,  but  it  is  also  possible  that  the  condition  is  true  tabes,  a  system  degen- 
eration in  one  part  of  the  central  nervous  system  accompanying  the  insular 
sclerosis  in  another  part.  This  association  will  be  considered  in  the  section 
on  pathology. 

The  paralyzed  muscles  sometimes  present  rigidity,  and  even  permanent 
contracture.  The  extensor  rigidity  of  spastic  paraplegia  is  often  consider- 
able ;  sometimes  it  gives  place  to  flexor  contracture,  so  that  the  legs  are  per- 
manently drawn  up.     Occasionally  a  single  group  of  muscles  may  become 
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rigid  and  contracted  in  the  arms  as  well  as  in  the  legs.  Muscular  wasting 
is  rare,  but  local  irregular  atrophy  may  result  from  the  invasion  of  the  gray 
matter  of  the  cord  by  the  sclerosis,  and  the  consequent  damage  to  the  nerve 
cells. 

Cutaneous  sensibility  is  normal  in  the  early  stage  of  the  disease,  but  it  may 
afterward  be  impaired.  The  loss  varies  much  in  its  distribution,  according 
to  the  situation  of  the  sclerosis  on  which  it  depends'.  Rarely  there  is  hemi- 
ansesthesia,  from  the  development  of  an  islet  in  the  sensory  path  within  the 
brain.  The  loss  is  more  often  partial,  involving  only  a  small  area  on  a 
limb,  and  it  may  or  may  not  correspond  to  the  motor  palsy.  When  there 
is  diffuse  sclerosis  of  the  cord  there  may  be  extensive  loss  of  sensibility  on 
the  legs.  The  condition  of  sensation  is  intelligible  when  we  remember  how 
slowly  the  axis  cylinders  of  the  nerve  fibres  surfer,  and  that  a  greater  amount 
of  damage  is  required  to  abolish  sensory  conduction  than  suffices  to  cause 
motor  palsy.  Irritative  symptoms  are  occasionally  present — formication, 
radiating  pains,  or  a- sense  of  constriction — but  they  are  seldom  severe,  and 
it  is  remarkable  how  perfectly  free  from  discomfort  the  patient  may  be,  even 
when  there  is  much  spasmodic  tremor. 

Eye'  symptoms  are  frequent  and  important.  The  optic  nerve  may  suffer 
in  various  ways.  There  may  be  impairment  of  sight  in  one  eye  or  in  both, 
irregular  in  character,  sometimes  with  a  segmental  loss  in  the  field  of  vision, 
and  without  at  first  any  visible  changes  in  the  optic  nerve  to  account  for  it. 
This  condition  depends  upon  the  development  of  an  islet  of  sclerosis  in  one  or 
both  optic  nerves,  or  in  the  optic  chiasma.  It  may  progress  to  almost  com- 
plete blindness  of  one  eye.  After  a  time,  secondary  atrophy  supervenes, 
and  can  be  seen  with  the  ophthalmoscope.  Occasionally  the  atrophy  is  pre- 
ceded by  slight  neuritis,  when  the  sclerosis  is  near  the  eyeball.  In  some 
cases,  again,  there  is  a  primary  atrophy  of  the  optic  nerves,  exactly  like 
that  which  occurs  in  tabes.  There  is  the  same  failure  of  sight,  proportioned 
to  the  visible  alteration  in  the  nerve.  Both  eyes  usually  suffer,  but  one  is 
often  affected  earlier  and  more  than  the  other.  This  complication,  of  which 
I  have  seen  four  or  five  instances,  is  of  much  pathological  interest. 

The  internal  ocular  muscles  are  seldom  involved,  unless  the  third  nerve  is 
paralyzed.  Loss  of  the  reflex  action  of  the  iris  is  scarcely  ever  met  with, 
but  the  pupils  are  sometimes  unequal. 

On  the  other  hand,  the  external  muscles  often  present  some  abnormality. 
The  most  frequent  disturbance  is  nystagmus,  which  is  an  exceedingly  com- 
mon symptom  of  the  disease.  Why  it  should  occur  we  are  unable  to  say ; 
although  the  symptom  bears  some  resemblance  to  the  jerky  tremor  of  the 
limbs,  its  constancy  precludes  the  same  explanation,  because  it  seems  impos- 
sible to  assume  that  an  islet  of  sclerosis  invariably  develops  in  the  path  for 
the  ocular  movements,  and  the  ocular  tremor  is  not  only  far  more  frequent, 
but  it  is  more  regular,  and  occurs  earlier,  than  the  jerky  incoordination  in 
the  limbs.  It  is,  as  a  rule,  present  only  on  movement,  and  occurs  on 
movements  in  each  direction,  the  quick  displacement  of  the  globes  being  in 
the  direction  of  the  voluntary  movement.     It  is  usually  more  marked  in  the 
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lateral  than  in  the  upward  movement,  and  is  least  when  the  eyes  are  directed 
downward.  Often  it  is  most  energetic  when  the  eyes  are  directed  to  one 
side,  either  the  right  or  the  left.  Very  rarely  there  is  rotatory  nystagmus, 
or  lateral  nystagmus  on  movement  in  one  direction,  and  rotatory  on  move- 
ment in  another.  The  patient  may  or  may  not  experience  an  apparent 
oscillation  of  the  objects  looked  at.  Occasionally  some  conjugate  move- 
ment of  the  eyes  is  distinctly  weakened,  generally  a  lateral  movement,  very 
seldom  convergence.  In  some  cases,  again,  there  is  considerable  and 
increasing  palsy  of  one  of  the  ocular  nerves,  due  to  the  development  of 
sclerosis  in  the  nerve  trunk.  The  third  or  sixth  nerve  may  be  thus  affected, 
seldom  the  fourth.  Such  palsy  necessarily  causes  strabismus,  double  vision, 
etc.  Transient  diplopia  is  also  occasionally  complained  of,  even  in  the 
early  stage  of  the  disease. 

Other  cranial  nerves  may  also  become  paralyzed,  especially  the  facial, 
fifth,  or  hypoglossal  nerves.  In  the  affection  of  the  first  of  these,  all  parts 
of  the  face  suffer,  and  the  degenerative  reaction  is  well  marked.  In  the 
fifth  nerve,  either  one  or  both  parts  may  be  involved.  The  implication  of 
the  sensory  part  causes  much  less  pain  than  is  produced  by  most  other  lesions 
of  the  nerve  trunk.  The  sclerosis  that  thus  damages  these  nerves,  may  be 
either  in  the  nerve  trunk,  near  the  surface  of  the  brain,  or  in  the  pons  or 
medulla,  at  the  deeper  origin  of  the  fibres.  Difficulty  in  swallowing  is 
present  when  the  pons  or  medulla  is  the  seat  of  the  morbid  process. 

Another  very  frequent  symptom  is  a  peculiar  change  in  articulation.  Sylla- 
bles are  unduly  separated  and  unduly  accentuated,  in  what  has  been  termed 
"  staccato,"  or  "  syllabic,"  or  "scanning"  utterance.  Sometimes  there 
is  an  undue  separation  of  words  and  not  of  syllables.  With  this  scanning 
articulation  there  may  be  a  tendency  to  elide  the  ends  of  words.  The 
patient  seems  to  speak  with  effort,  of  which,  however,  he  may  be  apparently 
unconscious.  This  change  in  articulation,  while  not  invariable,  is  very  fre- 
quent, even  more  so  than  the  characteristic  tremor,  and  only  less  so  than 
nystagmus.  The  movement  of  the  tongue  is  sometimes  jerky  and  irregular, 
but  the  face  is  seldom  involved,  and  the  peculiar  affection  of  speech  is  inde- 
pendent of  any  visible  disorder  of  the  movement  of  the  tongue.  It  has 
been  met  with  when  the  pons  and  medulla  were  free  from  sclerosis,  and  seems 
thus  to  result,  in  some  way,  from  the  disease  of  the  cerebral  hemispheres. 

Slight  mental  change  is  also  common,  and  somewhat  characteristic. 
"  There  may  be  failure  of  memory,  but  the  most  frequent  alteration  is  an  undue 
complacency  and  contentment,  which,  under  the  increasing  helplessness  and 
disability,  is  distinctly  unnatural.  There  is  not  often  any  mistaken  idea  of 
improvement,  although  the  patient  may  seize  on  and  exaggerate  any  distinct 
diminution  in  the  symptoms ;  but  he  is  happy  and  cheerful  in  spite  of 
increasing  and  grave  disability.  I  think  that  this  morbid  complacency  is 
more  frequent  in  women  than  in  men.  Very  rarely  there  is  a  greater  degree 
of  mental  disturbance,  which  may  take  the  form  of  almost  any  variety  of 
chronic  insanity. 

Among  other  symptoms  that  are  frequently  met  with,  are  headache   and 
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giddiness ;  both  may  occur  early  in  the  disease.  The  vertigo  is  especially 
common,  occurring,  according  to  Charcot,  in  three-quarters  of  the  cases. 
The  attacks  may  be  very  severe,  and  come  on  apart  from  any  apparent 
cause.  As  in  other  forms  of  severe  giddiness,  it  may  be  accompanied  by 
vomiting.     The  attacks  usually  cease  after  a  time. 

Other  paroxysmal  disturbances,  perhaps  allied  to  the  vertigo,  are  some- 
times met  with.  There  may  be  attacks  of  vomiting  without  giddiness,  of 
palpitation,  and  also  attacks  of  apoplectiform  character,  similar  to  those 
that  occur  in  general  paralysis  of  the  insane.  There  may  be  simple  coma, 
with  heat  of  skin  (even  to  1040),  or  there  may  be  unilateral  convulsions,  or 
the  attack  may  be  followed  by  transient  hemiplegic  weakness  or  rigidity. 
Occasionally  the  patient  dies  in  such  an  attack,  and,  post-mortem  (as  in 
general  paralysis),  no  acute  lesion  can  be  found  to  explain  the  symptoms. 

The  general  nutrition  of  the  sufferer  from  this  disease  is  often  unimpaired. 
Sometimes,  indeed,  there  is  a  considerable  increase  in  the  amount  of  subcu- 
taneous fat.  Trophic  disturbances  have  been  observed  in  exceedingly  rare 
cases — local  oedema,  altered  secretion  of  sweat,  changes  in  the  growth  of 
hair  or  nails,  chronic  arthritis,  and  herpetic  eruptions  ;  the  last  is  perhaps 
sometimes  due  to  the  arsenic  so  often  given  in  the  disease. 

Course  and  Duration. — In  some  cases  the  course  of  the  malady  is  uni- 
formly progressive  from  the  first'  to  the  last.  More  frequently  periods  of 
apparent  arrest  alternate  with  periods  of  progress.  The  duration  varies 
between  two  and  fifteen  years,  the  average  being  between  three  and  six 
years.  The  most  rapid  case  I  have  known  was  fatal  a  year  and  three-quar- 
ters from  the  onset'.  The  most  common  cause  of  early  death  is  interference 
with  the  functions  of  the  medulla  oblongata,  especially  impairment  of  deg- 
lutition, with  its  various  consequences.  In  a  few  cases,  death  occurs  from 
failure  of  respiration.  In  the  cases  of  longer  duration,  the  patients  die 
from  weakness,  bedsores,  kidney  disease,  etc.,  and  in  not  a  few  instances 
death  results,  not  from  any  effect  of  the  disease,  but  from  some  intercurrent 
malady,  as  phthisis. 

Pathology. — Compared  with  many  of  the  other  forms  of  sclerosis  in  the 
central  nervous  system,  this  variety  is  sharply  distinguished  by  its  irregular 
distribution.  The  islets  are,  as  it  were,  scattered  at  random,  and  they  thus 
present  a  marked  contrast  to  the  "  system  degenerations,"  in  which  a  tract 
of  sclerosis  extends  through  the  whole  of  a  group  of  fibres  having  a  certain 
function,  and  is  sharply  limited  to  these.  This  fact  suggests  that,  whereas 
the  latter  sclerosis  commences  by  a  wasting  of  the  nerve  elements,  and  the 
overgrowth  of  connective  tissue  is  secondary  (see  p.  311),  in  dissemi- 
nated sclerosis  the  primary  change  must  be  the  increase  in  the  interstitial 
tissue,  and  the  damage  to  the  nerve  fibres  must  be  secondary.  The  conclu- 
sion is  supported  by  all  we  know  of  the  pathology  of  the  disease,  by  the 
gradual  way  in  which  the  white  substance  of  the  fibres  wastes  before  the 
overgrowth  of  tissue  about  them,  and  by  the  absence  of  secondary  degene- 
rations until  the  local  process  has  attained  a  considerable  degree  of  inten- 
sity.    The  immediate  local  determining  causes  of  the  overgrowth  cannot 
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yet  be  even  guessed  at.  It  has  been  conjectured  that  it  proceeds  from  the 
walls  of  the  vessels,  but  this  opinion  is  based  upon  pathological  appearances 
that  are  seen  in  equal  degree  in  system  degenerations,  and  even  sometimes 
in  those  that  are  purely  secondary  in  nature.  Hence  it  must  be  regarded  as 
unsupported  by  any  valid  evidence.  Whenever  there  is  an  overgrowth  of 
interstitial  tissue  there  is  always  a  special  increase  adjacent  to  the  vessels, 
and  these  may  take  a  secondary  share  in  the  process,  even  when  there  is  no 
primary  vascular  change  (see  p.  312). 

It  must  be  observed,  however,  that  these  two  forms  of  sclerosis,  the 
random  islets  and  the  systematic  affection,  are  sometimes  combined.  The 
most  common  instance  of  this  is  the  occurrence  of  primary  atrophy  of  the 
optic  nerves  in  disseminated  sclerosis.  This  is  a  true  system  degeneration 
of  the  nerves,  similar  to  that  which  occurs  in  tabes.  It  is  possible  that  in 
some  cases  there  is  also  a  system  sclerosis  of  the  posterior  columns  of  the 
cord  in  the  lumbar  region,  so  that  tabes  and  insular  sclerosis  are  combined. 
Hence,  different  as  the  two  processes  are  in  their  immediate  pathology,  they 
may  possess  some  common  etiological  relations. 

Processes  of  acute  or  subacute  inflammation  leave  behind  them  a  consid- 
erable increase  of  connective  tissue,  and  these  connective-tissue  elements  are 
similar  in  character,  whatever  be  the  mode  in  which  their  increase  came 
about.  This  correspondence  has  led  some  authorities  to  consider  the  pro- 
cess essentially  one  of  chronic  inflammation.  An  important  and  very  obscure 
point  in  its  pathology  is,  however,  the  relation  of  the  lesion  to  less,  chronic 
lesions  which  are  certainly  inflammatory.  We  have  seen  that  it  may  super- 
vene on  acute  inflammation,  primary  or  traumatic,  but  the  sclerosis,  in  these 
cases,  is  separate  in  time  and  seems  to  be  rather  a  sequel  than  an  effect  of 
the  inflammation.  A  more  difficult  problem  is  presented  by  some  special 
forms  of  inflammation.  Disseminated  myelitis,  subacute  in  course,  reaching 
its  height  in  six  weeks  or  two  months,  is  characterized  by  islets  of  disease 
which,  in  their  size  and  distribution,  bear  a  close  resemblance  to  those  of 
insular  sclerosis.  The  diseased  areas  are  gray,  and  their  aspect  differs  from 
that  of  sclerosis  only  in  their  less  sharp  definition  and  slighter  consistence. 
If  the  patient  lives,  the  resemblance  of  these  to  islets  of  true  sclerosis  may 
become  still  closer,  and  it  is  doubtful  whether  the  two  can  be  distinguished. 
Is  this  condition  to  be  regarded  as  the  same  disease  as  insular  sclerosis  of 
slow  development  ?  An  answer  to  this  question  cannot  yet  be  given.  As  a 
rule,  the  inflammation  is  confined  to  the  spinal  cord  and  gives  rise  to  spastic 
paraplegia ;  the  jerky  incoordination  is  absent.  It  is  probable  that  some 
cases  described  as  insular  sclerosis  confined  to  the  cord  have  been  of  this 
nature. 

Another  lesion  that  presents  a  close  resemblance  to  insular  sclerosis  in  seat 
and  character  is  the  disseminated  sclerotic  inflammation  of  syphilitic  origin, 
affecting  the  brain  and  cord,  figured  at  p.  851  and  at  pp.  241  and  242. 
In  chronicity  and  distribution  the  two  morbid  processes  closely  corres- 
pond, and  it  is  doubtful  whether  their  histological  characters  afford  any 
ground  for  their  separation.     But  an  important  difference  is  the  presence  of 
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cheesy  nodules  in  the  syphilitic  lesion,  which  stamp  it  as  specific  in  nature, 
and  are  always  absent  in  disseminated  sclerosis. 

It  thus  appears  that  insular  sclerosis  does  not  stand  alone  among  the 
morbid  processes  of  the  central  nervous  system.  It  seems  to  occupy  an 
intermediate  position  between  the  subacute  and  syphilitic  inflammations,  on 
the  one  hand,  and  the  system  scleroses  on  the  other.  Unless  this  view  is 
accepted  we  must  separate  from  insular  sclerosis  many  cases  at  present  classed 
with  it,  especially  those  in  which  the  spinal  cord  alone  suffers ;  and  much  of 
the  clinical  history  of  the  disease  as  at  present  accepted  will  need  revision. 

Diagnosis. — The  great  characteristic  of  the  disease  is  the  combination  of 
the  jerky  incoordination  and  progressive  weakness  in  the  limbs  with  nystag- 
mus. In  such  cases  the  diagnosis  is  easy.  The  incoordination  is  much 
more  jerky  than  it  is  in  locomotor  ataxy,  and  resembles  a  very  coarse  irreg- 
ular tremor,  more  than  does  the  incoordination  of  tabes.  The  only  disease 
in  which  this  symptom  exists  in  precisely  the  same  form  as  in  disseminated 
sclerosis  is  cerebral  tumor  (see  p.  888).  But  these  cases  are  distinguished 
by  other  indications  of  a  tumor  of  the  brain,  and  real  difficulty  in  diagnosis 
can  only  arise  from  ignorance  of  the  occurrence  of  the  symptom  in  such 
cases. 

It  is  seldom  that  the  diagnosis  from  paralysis  agitans  has  to  be  made.  The 
tremor  in  the  latter  disease  is  always  regular  and  rhythmical,  while  that  in 
disseminated  sclerosis  is  irregular.  In  paralysis  agitans  there  is  usually  char- 
acteristic rigidity,  a  stiffness  of  aspect  and  slowness  of  movement.  Articu- 
lation is  quick  instead  of  slow.  The  fact  that  the  spontaneous  movements 
in  shaking  palsy  occur  equally  during  rest  and  movement,  while  those  of 
sclerosis  cease  during  rest,  is  often  given  as  the  most  important  distinction ; 
it  is  true  of  most  of  the  cases,  but  it  is  not  an  invariable  distinction, 
because  the  tremor  of  true  paralysis  agitans,  in  the  early  stage  of  the  disease, 
may  cease  during  rest. 

The  diagnosis  in  which  the  spontaneous  movements  give  rise  to  most  diffi- 
culty, is  between  insular  sclerosis  and  some  cases  of  general  paralysis  of  the 
insane,  in  which  the  twitching  contractions  of  the  muscles  occur  in  the  limbs 
with  unusual  intensity.  They  may  disorder  voluntary  movements  in  a  man- 
ner very  similar  to  that  seen  in  disseminated  sclerosis.  The  chief  difference 
is  that  the  spasm  is  most  intense  in  the  lips  and  tongue  in  general  paralysis, 
and  that  the  speech  presents  a  drawling  character,  with  hesitating  phonation, 
and  special  difficulty  in  the  articulation  of  certain  consonants — features  quite 
different  from  the  syllabic  articulation  of  sclerosis.  Nevertheless,  the  speech 
in  general  paralysis  does  not  always  present  the  usual  disorder,  and  too  much 
weight  must  not  be  laid  upon  any  single  symptom.  Considerable  mental 
change  is  exceedingly  rare  in  sclerosis,  while  it  is  common  in  general  paraly- 
sis. Inequality  of  pupil,  and  loss  of  the  iris  reflex,  are  in  favor  of  the  dis- 
ease being  general  paralysis.  The  difficulty  of  the  diagnosis  in  some  cases 
is  very  great. 

The  spastic  paraplegia  that  results  from  sclerosis  in  the  dorsal  region  of 
the  spinal  cord  is  not  distinguishable  from  that  met  with  in  other  chronic 
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lesions  of  the  same  part.  If  the  disease  is  limited  to  this  region,  its  diag- 
nosis is  not  possible.  Especially  the  distinction  from  it  of  disseminated 
dorsal  myelitis  may  not  only  be  impossible  during  life,  but  extremely  difficult 
after  death,  since  the  naked-eye  characters  of  the  lesion  are  almost  the  same. 
The  microscopical  distinction  is  by  the  presence  of  inflammatory  products 
in  the  foci  of  disease,  and  the  greater  abundance  of  the  products  of  degen- 
eration of  the  nerve  fibres.  The  most  important  difference  in  the  course  of 
the  two  diseases  is  the  subacute  development  of  the  paralysis  in  the  dissemi- 
nated inflammation. 

Cases  have  been  described  by  Westphal,*  Leyden,  and  Langer,f  in  which 
symptoms  closely  resembling  those  of  insular  sclerosis  have  existed  during 
life  without  any  post-mortem  lesion  to  which  they  can  be  ascribed.  There 
is  much  doubt  as  to  the  exact  nature  of  these  cases.  It  is  possible  that  most 
of  them  have  been  cases  of  general  paralysis  of  the  insane,  the  symptoms  of 
which  vary  widely.  In  some  cases  the  amount  of  mental  change  is  exceed- 
ingly slight,  and,  as  already  stated,  the  disorder  of  movement  may  closely 
resemble  that  of  insular  sclerosis.  In  some  cases  of  "pseudo-sclerosis,"  as 
the  simulating  cases  have  been  termed,  there  have  been  syllabic  utterance 
and  nystagmus,  symptoms  commonly  absent  in  general  paralysis.  But  these 
symptoms  are  met  with  in  some  forms  of  central  degeneration  other  than 
insular  sclerosis,  and  too  much  diagnostic  weight  must  not  be  laid  upon 
them. 

It  is  needless  to  say  that  a  disease  which  often  occurs  in  young  adult 
females  is  sometimes  mistaken  for  hysteria.  The  error  is  especially  easy  in  the 
cases  in  which  actual  symptoms  of  hysteria  preceded  the  onset  of  the  disease, 
or  occur,  as  they  may  do,  during  its  course.  The  opposite  error  is,  as  usual, 
much  more  rare,  but  I  have  known  a  case  of  characteristic  hysterical  tremor 
to  be  mistaken  for  this  disease  and  a  hopeless  prognosis  to  be  given,  even  by 
a  physician  of  considerable  experience.  In  most  instances  there  is  no  excuse 
for  the  former  error.  Nystagmus  is  absolute  evidence  of  more  than  hysteria, 
and  this  is  one  of  the  many  maladies  in  which  the  symptom  is  of  great  diag- 
nostic value.  Real  difficulty  is  sometimes  occasioned  by  the  fact  that  an 
irregular  tremor,  occurring  on  movement  only,  is  sometimes  due  to  hysteria. 
While  resembling  that  of  sclerosis  in  irregularity,  it  is  much  smaller  in 
range,  and  it  is  always  accompanied  by  a  tardiness  of  muscular  effort,  if  the 
patient  is  desired  to  exert  force,  and  there  is  the  contraction  of  antagonistic 
muscles  described  in  the  section  on  hysteria,  which  is  of  so  much  diagnostic 
importance. 

Prognosis. — The  prognosis  of  insular  sclerosis  is  exceedingly  grave.  In 
any  case  in  which  the  diagnosis  is  certain,  only  a  steady  increase  of  the  dis- 
ease can  be  anticipated.  The  only  indication  of  the  probable  duration  of 
the  malady  is  that  afforded  by  its  observed  rate  of  progress.  In  cases  in 
which  there  are  periods  of  apparent  arrest,  the  duration  of  life  is  likely  to 
be  longer  than  in  those  in  which  the  progress  of  the  symptoms  is  uniform. 


*  Archivf.  Psych.,  xiv,  pp.  87  and  767.  f  Wien.  Med.  Presse,  1884,  p.  698. 
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In  the  latter,  it  is  not  probable  that  life  will  be  prolonged  for  more  than  two 
years  from  the  time  at  which  the  symptoms  are  sufficiently  distinct  to  permit 
the  diagnosis  to  be  made  with  confidence.  In  the  former,  the  patient  may 
live  for  several  years.  The  symptoms  of  greatest  gravity  are  those  of  damage 
to  the  nerves  of  the  medulla  oblongata,  especially  difficulty  in  swallowing. 
The  earlier  such  symptoms  come  on,  the  shorter  is  likely  to  be  the  duration 
of  life. 

Treatment. — Insular  sclerosis  is  a  malady  for  which  even  less  can  be  done 
than  for  the  other  degenerative  diseases  of  the  nervous  system.  The  primary 
overgrowth  of  the  interstitial  tissue  resists  therapeutical  influences  more  than 
does  the  primary  degeneration  of  the  nerve  elements  which  constitutes  the 
initial  change  in  the  sclerosis  of  systematic  distribution.  The  treatment  for 
the  latter  is,  however,  that  which  most  deserves  a  trial  in  the  insular  form, 
especially  the  nervine  tonics,  such  as  arsenic  and  nitrate  of  silver,  quinine, 
etc.  The  hypodermic  injection  of  arsenic  has  been  recommended  by  Eulen- 
berg,  but  the  evidence  that  this  method  of  administration  has  a  special  influ- 
ence is  insufficient.  Occasionally  these  drugs  seem  to  retard  the  progress  of 
the  disease,  but  any  arrest  of  its  progress  is  only  temporary.  Hydropathic 
treatment,  and  the  use  of  electricity  in  various  forms,  have  been  advocated 
in  Germany,  but  their  influence  is  exceedingly  doubtful.  In  the  case  of  a 
peripheral  palsy,  such  as  that  of  the  face,  due  to  sclerosis  of  the  nerve,  the 
question  presents  itself  whether  the  muscles  should  be  subjected  to  electrical 
treatment.  As  a  rule,  it  is  not  worth  while  to  give  the  patient  the  pain  and 
inconvenience  of  the  applications.  The  disease  is  progressive,  and  no  recov- 
ery of  the  nerve  can  be  looked  for;  hence  electrical  treatment,  however  pro- 
longed, can  have  no  influence  in  modifying  the  condition.  It  is,  of  course, 
desirable  to  maintain  the  patient's  general  health  in  as  good  condition  as 
possible,  and  to  avoid  all  depressing  influences.  In  the  case  of  women, 
pregnancy  is  especially  undesirable ;  the  malady  is  apt  to  make  more  rapid 
progress  during  the  later  period  of  pregnancy  and  after  delivery. 

DIFFUSE  SCLEROSIS. 

When  the  connective-tissue  elements  are  increased  through  a  considerable 
area  in  any  part  of  the  brain,  the  sclerosis  is  said  to  be  "  diffuse  "  in  dis- 
tinction from  the  small  islets  of  the  disseminated  form.  Sclerosis  is  very 
common  as  a  secondary  change.  Many  forms  of  softening,  which  do  not 
result  in  any  extensive  destruction  of  tissue,  lead  to  cicatricial  induration, 
and  an  area  of  sclerosis  results,  sometimes  with  one  or  more  cavities  in  its 
interior.  Sclerotic  induration  follows  the  damage  to  the  cortex  produced 
by  the  meningeal  hemorrhage  that  occurs  during  birth  (see  p.  801),  and 
also  the  cortical  lesion,  probably  venous  thrombosis,  that  is  a  frequent  cause 
of  infantile  hemiplegia.  An  acute  lesion  in  early  life  may  have,  as  its  conse- 
quence, a  hindrance  to  the  development  of  the  whole  hemisphere,  through- 
out which  there  may  be  a  relative  increase  in  the  neuroglia  and  consequent 
induration. 

Apart   from   these   forms   of  secondary  sclerosis,  there   is   sometimes  a 
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primary  increase  in  the  connective  tissue  through  a  more  or  less  extensive 
tract  in  the  brain,  and  after  a  time  an  increase  in  the  consistence  of  the 
part.  The  change  of  color  is  much  slighter  than  in  insular  sclerosis,  and 
there  may  be  no  alteration  ;  so  that  the  change  can  be  recognized  only  by 
the  touch.  At  the  margin  of  the  affected  area  there  is  no  sharp  demarcation, 
but  the  transition  is  gradual  from  the  morbid  to  the  healthy  structure.  It  is 
said  that  the  affected  region  may  be  at  first  increased  in  bulk  and  lessened  in 
consistence,  but  it  is  rarely  seen  in  this  stage.  Commonly  there  is  indura- 
tion, which  may  be  slight  or  so  considerable  that  the  part  is  almost  like 
cartilage.  The  change  may  affect  the  whole  brain  or  one  hemisphere,  or 
only  part  of  the  brain.  It  may  be  limited  to  the  cortex  and  subjacent 
white  substance,  or  (as  1  have  seen)  may  involve  only  a  part  of  the  white 
substance  of  the  hemisphere.  The  causes  of  this  condition  are  little  known. 
Most  cases  have  been  congenital.  I  have  otice  seen  it  in  an  adult,  the  sub- 
ject of  constitutional  syphilis,  in  whose  brain  no  ordinary  syphilitic  lesions 
were  found.  The  recorded  cases  are  at  present  very  few,  and  the  symptoms 
have  varied  much.  In  some  cases  there  has  been  simple  mental  defect.  In 
others  there  have  been  symptoms  very  similar  to  those  of  cerebral  tumor, 
headache,  vomiting,  local  palsy,  convulsions,,  etc.  It  is  doubtful  whether 
the  condition  can  be  recognized  during  life.  The  separation  of  cases  of 
general  sclerosis  from  some  forms  of  atrophy  of  the  brain  is  uncertain. 

MILIARY  SCLEROSIS. 

The  term  "  miliary  sclerosis  "  was  first  applied  by  Drs.  Battey,  Tuke  and 
Rutherford  to  a  lesion  found  by  them  in  the  white  substance  of  an  atrophied 
cerebellar  hemisphere  in  an  insane  patient.  The  lesion  was  chiefly  micro- 
scopic, and  was  only  discovered  after  the  brain  had  been  hardened.  It 
consisted  of  minute  spots  of  degeneration,  in  which  there  was  little  evidence 
of  a  process  deserving  to  be  called  "sclerosis."  The  term  has  been  since 
used  by  others  to  designate  another  microscopic  lesion,  which  was  at  first 
thought  to  be  really  pathological,  but  has  since  been  abundantly  proved  to 
be  of  artificial  origin,  an  "artefact,"  as  the  Americans  say.  The  most 
common  appearance  is  that  in  minute  areas  the  tissue  remains  unstained  by 
reagents,  and  presents  a  striking  contrast  to  the  well-stained  vicinity.  On 
,  close  inspection,  however,  the  tissue  elements  can  be  traced  in  the  unstained 
area  ;  and  it  is  evident  that  the  sole  difference  between  these  spots  and  the 
adjacent  tissue  is  in  the  absence  of  staining.  This  appearance  is  chiefly 
seen  when  spirit  has  been  employed  in  hardening.  The  central  organs 
ought  never  to  be  placed  in  spirit,  at  any  rate  after  the  first  twenty-four 
hours.  This  is  only  one  of  many  artificial  changes  produced  by  spirit,  which 
are  often  very  puzzling  to  the  observer. 

It  is  questionable  whether  the  term  "miliary"  ought  to  be  applied  to  a 
purely  microscopic  lesion  ;  it  is  more  accurately  used  to  designate  changes 
resembling  in  size  "  miliary  "  tubercle.  But  that  there  is  a  form  of  scle- 
rosis of  the  brain  which  is  truly  "miliary,"  is  evident  from  one  well-marked 
example  that  has  come  under  my  notice.     In   this  case,  throughout  both 
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hemispheres  of  the  brain,  and  in  all  parts  of  them,  the  cortex  contained 
minute  reddish-gray  spots  at  the  junction  of  the  gray  and  white  substance. 
In  tint  they  were  a  little  darker  than  the  darkest  gray  substance,  and  their 
aspect  was  exactly  like  that  of  the  morbid  tissue  in  insular  sclerosis,  and 
equally  distinct  in  the  recent  state,  In  size  they  varied  from  that  of  a  mus- 
tard seed,  or  a  little  larger,  to  the  smallest  point  visible ;  large  areas,  one- 
eighth  of  an  inch  in  length,  were  formed  here  and  there  by  the  coalescence 
of  the  smaller  spots.  Their  size  and  distribution  are  shown  in  Fig.  313,  A. 
None  could  be  seen  in  the  white  substance  of  the  hemisphere,  but  they  were 
found  in  the  central  ganglia,  especially  in  the  outer  part  of  the  lenticular 
nucleus  (B)  and  in  the  claustrum  (C).  None  were  found  elsewhere  in  the 
brain,  except  two  beneath  the  corpora  quadrigemina.  Under  the  micro- 
scope the  centre  of  the  larger  areas  consisted  of  a  delicate  fibrous  tissue 
with  abundant  spider  cells  and  sVnall,  round  nucleated  cells.     In  the  fibrous 
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Miliary  sclerosis  of  the  brain.  Sections,  A,  of  the  cortex,  E,  of  the  left,  and  C,  of  the 
right  lenticular  nucleus  and  claustrum.  The  black  dots  represent  the  size  and  dis- 
tribution of  the  minute  foci  of  sclerosis. 

tissue  were  small  cavities,  especially  at  the  periphery  of  the  larger  spots  and 
throughout  the  smaller  ones,  so  that  the  tissue  had  a  somewhat  sponge-like 
aspect.  No  connection  could  be  traced  between  most  of  these  areas  and 
vessels,  but  in  places  a  similar  change,  of  spongy  aspect,  could  be  seen  along 
the  side  of  a  vessel,  sometimes  extending  for  a  considerable  distance.  Thus, 
there  was  a  wasting  of  the  nerve  elements,  and  an  increase  in  the  connective 
tissue  in  the  affected  areas. 

I  have  .not  met  with  the  record  of  any  quite  similar  case,  but  an  analogous 
lesion  has  been  observed  in  a  few  cases  of  general  paralysis  of  the  insane, 
invisible,  however,  in  the  recent  condition.* 

In  my  case  there  was  no  mental  derangement.  The  patient  was  a  man, 
aged  fifty,  and  the  chief  symptom  was  general  weakness  of  the  limbs,  accom- 


'  *  See  Grieff,  Archivf.  Psych.,  xiv,  p.  287,  and  Simon,  ib.,  Bd.  ii. 
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panied  with  some  rigidity  and  a  few  left-sided  convulsive  attacks,  beginning 
in  the  muscles  of  the  shoulder.  Then  the  speech  became  "mumbling" 
and  unintelligible  ;  coma  set  in ;  and  after  a  few  days  of  unconsciousness 
he  died.  He  had  also  some  cardiac  weakness,  enlargement  of  the  liver  and 
spleen,  and  general  anasarca  without  albuminuria.  The  duration  of  the 
nervous  symptoms  was  about  ten  weeks.  No  cause  for  the  disease  could  be 
traced,  but  he  had  had  constitutional  syphilis  many  years  before.* 


ASSOCIATED  PALSY  OF  THE  BULBAR  NERVES. 

It  has  been  mentioned  that,  among  the  cranial  nerves,  we  may  recognize 
two  special  groups,  subserving  associated  functions  and  liable  to  associated 
disease.  Each  group  is  motor.  One  of  these  comprehends  the  nerves  of 
the  eyeball  muscles,  the  associated  palsy  of  which  has  been  described  at  p. 
615.  The  other  group  includes  the  nerves  to  the  complex  series  of  muscles 
of  the  upper  part  and  orifice  of  the  respiratory  and  alimentary  canal — the 
mouth,  fauces,  pharynx,  and  larynx.  These  bulbar  nerves  arise  from  con- 
nected tracts  of  gray  matter  in  the  lowest  part  of  the  mesencephalon,  or 
rather  from  the  junction  of  this  with  the  spinal  cord.  Their  associated 
palsy  has  now  to  be  considered.  The  most  common  form  of  this  paralysis 
is  due  to  a  degenerative  process  in  the  nerve  nuclei,  analogous  to  that  which, 
in  the  spinal  cord,  causes  chronic  muscular  atrophy.  Hence  the  pathologi- 
cal position  of  the  disease  is  among  the  degenerations.  But,  as  we  have 
already  seen,  a  palsy  of  similar  seat  sometimes  results  from  an  acute  process 
in  the  same  part  of  the  brain.  It  will  be  convenient,  therefore,  briefly  to 
describe  the  symptoms  of  the  acute  form  in  connection  with  that  which  is 
chronic,  although  the  general  relations  of  the  acute  lesions  have  been  con- 
sidered in  the  account  of  the  similar  morbid  processes  as  they  occur  else- 
where in  the  brain. 

The  nerves,  in  the  distribution  of  which  the  symptoms  occur,  are  the 
fibres  of  the  facial  for  the  lower  part  of  the  face,  especially  for  the  orbicula- 
ris oris,  the  hypoglossal  for  the  tongue,  the  spinal  accessory  for  the  larynx, 
and  probably  also  for  the  palate,  and  the  glosso-pharyngeal  for  the  pharynx. 
To  these  is  joined,  in  some  cases,  the  pneumogastric.  It  deserves  note  that 
the  facial  occupies,  as  it  were,  an  intermediate  position  between  the  two 
nerve  groups  above  mentioned  as  liable  to  associated  disease.  The  facial 
nerve  supplies,  on  the  one  hand,  the  muscle  that  closes  the  eyelids,  and  on 
the  other,  the  muscle  that  closes  the  mouth.  But  the  orbicularis  palpebra- 
rum is  not  functionally  associated  with  the  eyeball  muscles,  and  does  not 
suffer  with  them  in  central  disease,  while  the  orbicularis  oris,  and  the  intrin- 
sic muscles  of  the  front  of  the  tongue,  have  a  functional  association,  closer, 
perhaps,  than  any  other  two  muscles  in  the  body.  Neither  can  be  put  in 
action  without  the  other  (see  p.  487,  note).  The  orbicularis  is  always 
involved  in  degenerative  disease  of  the  hypoglossal  nucleus,  and  escapes  in 

*  Fuller  details  of  this  case  will  be  found  in  the  Lancet,  1886,  January  23d,  p.  145. 
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disease  of  the  nucleus  proper  of  the  facial,  as  in  a  case  of  acute  atrophic 
("infantile")  paralysis  in  which  the  face  was  involved  (see  pp.  646  and 

654> 

The  central  connection  of  the  parts  that  are  affected  in  the  disease  is  well 

illustrated  by  the  combination  of  paralysis  of  the  tongue,  palate  and  vocal 
cord  that  results  from  disease  of  the  nerve  roots  on  one  side  of  the  medulla 
(p.  707).  The  paralysis  of  the  pharynx  is  only  marked  when  the  nerve  roots 
on  both  sides  are  affected,  and  the  paralysis  is  bilateral.  In  central  disease  of 
the  medulla,  the  paralysis  has  the  same  distribution  as  in  a  lesion  of  the  nerve 
roots,  but  it  is  almost  always  bilateral,  and,  in  addition,  the  lips  are  paralyzed. 
They  escape  in  disease  of  the  roots,  because  the  labial  nerve  fibres,  although 
arising  from  cells  in  the  medulla,  ascend  to  the  lower  part  of  the  pons,  which 
they  leave  by  the  facial  trunk.  The  most  characteristic  and  complete  distri- 
bution is  seen  in  the  cases  of  chronic  degeneration  in  which  the  nerve  cells 
suffer  according  to  their  functional  nature.  The  chief  centres  concerned 
lie,  however,  so  near  together  in  the  medulla,  that  random  processes,  such 
as  softening  or  hemorrhage,  may  damage  them  on  both  sides,  and  cause 
palsy  of  the  same  distribution  as  that  which  results  from  primary  degenera- 
tion. Hence  all  forms  are  included  under  the  term  "  bulbar  paralysis,"  and 
the  varieties  are  distinguished  as  "chronic"  and  "acute."  Only  the 
chronic  cases  can  be  regarded  as  constituting  a  distinct  malady  ;  the  acute 
forms  depend  on  morbid  processes  that  are  frequent  in  other  parts  of  the 
brain. 

CHRONIC  BULBAR  PARALYSIS. 

The  chronic  bulbar  paralysis,  the  "  labio-glosso-pharyngeal  "  paralysis  of 
Duchenne,  was  first  described  in  1859  by  Dumgnil,  and  systematically  by 
Duchenne  in  i860,  while  this,  like  so  many  of  Duchenne' s  investigations, 
became  widely  known  chiefly  through  the  lectures  of  Trousseau.  The 
awkwardness  of  the  descriptive  name  given  by  Duchenne,  led  Wachsmuth, 
in  1864,  to  propose  to  call  the  disease  "progressive  bulbar  paralysis,"  a 
designation  that  has  come  into  general  use,  although  it  has  not  quite  super- 
seded the  older  term.  The  dependence  of  the  symptoms  on  degeneration 
of  the  nuclei  of  the  medulla  was  established  especially  by  the  labors  of 
Charcot's  pupils  and  of  Leyden. 

Causes. — The  disease  is  essentially  an  affection  of  the  second  half  of 
life,  almost  unknown  in  its  pure  form  under  forty.  Most  of  the  sufferers 
have  been  between  fifty  and  seventy  when  the  disease  commenced.  In 
exceptional  cases  it  has  been  known  to  begin  at  thirty-six,  thirty-two,  and 
twenty-seven  (Leyden),  and  even,  after  injury,  as  early  as  twenty.*  Most 
cases  of  chronic  bulbar  palsy  in  early  life  are  due  to  morbid  growths  and 


*  In  one  case,  symptoms  suggestive  of  the  degenerative  disease,  accompanied  by  palsy  and 
rigidity  of  the  limbs,  developed  slowly,  after  mental  excitement,  in  a  girl  of  twelve,  but  the 
nature  of  the  lesion  was  not  proved  (Blumenthal,  "  lnaug.  Diss.,"  Dorpat,  1884).  A  still 
earlier,  but  also  irregular  and  incomplete  case,  is  described  by  Stadthagen.  After  diphtheria, 
at  four,  the  common  paralysis  of  the  palate  was  followed  by  wider  symptoms  of  bulbar  palsy ; 
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not  to  a  primary  degeneration.  Males  are  rather  more  liable  than  females. 
Direct  inheritance  has  not  hitherto  been  observed,  but  indirect  inheritance 
is  probably  a  powerful  predisposing  cause,  since  other  related  neuroses  may 
often  be  traced  in  the  families  of  those  who  suffer.  Thus,  one  patient  had 
lost  a  brother  from  some  form  of  slow  progressive  palsy  affecting  chiefly  the 
limbs.  It  does  not  seem  to  be  a  consequence  of  syphilis.  Immediate 
causes  can  be  traced  in  only  a  minority  of  the  cases ;  the  most  frequent  are 
mental  depression,  exposure  to  cold,  debilitating  influences  such  as  insuffi- 
cient food,  and  injury,  such  as  a  blow  upon  the  back  of  the  neck.  Over- 
use of  the  muscles  has  been  supposed  to  be  a  rare  cause ;  the  symptoms 
developed  rapidly  in  a  man  after  playing  on  the  clarionet  for  two  whole 
nights,  but  the  patient  at  the  same  time  had  been  exposed  to  cold  (Stein). 
In  a  considerable  proportion  of  the  cases,  no  cause,  immediate  or  remote, 
qan  be  traced. 

The  symptoms  sometimes  supervene  on  some  other  degenerative  affection 
of  the  central  nervous  system,  especially  progressive  muscular  atrophy.  The 
bulbar  disease  is  indeed  part  of  the  spinal  affection,  the  gray  matter  of  the 
medulla  undergoing  the  same  degenerative  change  as  that  of  the  spinal 
cord. 

Symptoms. — The  distribution  of  the  symptoms,  indicated  by  the  name 
given  to  the  disease  by  Duchenne,  has  been  already  mentioned.  The  lips, 
tongue,  throat,  and  often  the  larynx,  are  paralyzed  on  both  sides.  The 
symptoms  are,  so  to  speak,  grouped  about  the  tongue  as  a  centre,  and  it  is 
in  this  organ  that  the  earliest  symptoms  are  usually  manifested.  In  a  few 
cases  the  distinct  paralytic  symptoms  have  been  preceded  by  some  discom- 
fort or  pain  at  the  back  of  the  head.  The  onset  of  definite  symptoms  is 
gradual ;  the  cases  in  which  there  is  a  sudden  or  even  acute  onset  are  not 
examples  of  this  disease.  The  first  symptom  is  generally  a  trifling  indis- 
tinctness of  speech,  due  to  imperfect  articulation  of  those  sounds  in  which 
the  tongue  is  chiefly  concerned,  the  lingual  consonants  /,  r,  n,  and  t,  and 
afterward  s.  The  commencing  change  in  articulation  is  noticed  only  when 
the  parts  are  fatigued  by  use,  and  the  patient  may  be  conscious  that  fatigue 
is  produced  with  undue  readiness.  The  tongue  at  first  can  still  be  protruded, 
although  not  quite  so  far  as  normal.  The  lips  become  weak  with  or  soon 
after  the  tongue,  and  some  difficulty  in  swallowing  is  added  ;  the  latter  may, 
indeed,  be  the  earliest  symptom.  In  consequence  of  the  weakness  of  the 
lips,  the  power  of  whistling  is  lost,  and  there  develops  a  difficulty  in  the 
pronunciation  of  the  sounds  in  which  the  lips  are  chiefly  concerned,  o,  u,p, 
b,  and  m.  The  lips  are  not  brought  together  so  perfectly,  or  separated  so 
promptly,  as  is  necessary  for  the  pronunciation  of  the  labial  explosives,  and 
hence  b  and/  become  m  and  v.  The  power  habitually  exerted  is  generally 
less  than  the  patient  can  exert  if  he  tries.     A  word  can  often  be  articulated 

and  when  the  patient  came  under  observation,  some  years  later,  there  was  paralysis  of  the 
lips  and  palate,  accompanied  by  weakness  and  contracture  in  the  limbs  (Archiv  f.  Kinder, 
heilk.,  Bd.  v). 
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perfectly  by  a  deliberate  effort  when  the  habitual  articulation  is  very  imper- 
fect. The  difficulty  in  speech  is  soon  increased  by  the  weakness  of  the 
palate,  which  ceases  to  shut  off  the  nasal  cavity.  Swallowing  gradually 
becomes  difficult ;  the  weakening  of  the  tongue  impairs  the  first  part  of  the 
act  of  deglutition,  that  in  which  the  food  is  rolled  back  into  the  pharynx  by 
the  application  of  the  tongue  to  the  roof  of  the  mouth  ;  the  paralysis  of  the 
palate  permits  the  regurgitation  of  liquids  into  the  nose  ;  and  the  weaken- 
ing of  the  pharyngeal  muscles  further  interferes  with  the  movement  of  the 

food. 

As  the  paralysis  increases,  closure  of  the  mouth  becomes  impossible,  the 
lower  lip  drops,  and  the  muscles  that  move  the  angle  of  the  mouth  often 
become  feeble.  Hence  the  aspect  of  the  lower  part  of  the  face  changes,  and 
indeed  all  expressional  movement  of  the  face  below  the  eyes  may  cease. 
Saliva  dribbles  out  of  the  open  mouth,  and  the  patient  has  to  keep  a  hand- 
kerchief constantly  in  his  hand*  The  appearance  of  the  patient  is  charac- 
teristic, and  still  more  so  when  he  attempts  to  speak.  The  tongue  can  no 
longer  be  protruded  ;  only  the  tip  can  be  projected  over  the  lower  teeth. 
Mastication  is  difficult,  because  the  tongue  can  no  longer  guide  and  keep  the 
food  between  the  teeth.  Articulate  speech  at  last  becomes  impossible,  and 
the  only  expression  remaining  to  the  patient  is  laryngeal  phonation,  slightly 
modulated,  and  broken  into  the  rhythm  of  formless  syllables,  the  meaning 
of  which  can  be  hardly  more  than  guessed  at.  Swallowing  becomes  more 
and  more  difficult.  Semi-solids  are  usually  swallowed  better  than  liquids, 
because  there  is  less  risk  of  their  escape  into  the  nose  or  larynx.  The  diffi- 
culty in  swallowing  the  saliva  increases  the  flow  from  the  mouth.  The 
muscles  of  the  larynx,  if  not  before,  now  usually  become  weak.  The  epi- 
glottidean  muscles  fail  to  reflect  the  epiglottis  during  the  act  of  deglutition, 
and  particles  of  food  readily  enter  the  opening.  The  muscles  of  the  vocal 
cords  also  suffer;  the  voice  is  low  pitched,  from  the  defective  approximation 
of  the  cords,  and  the  cough  is  imperfect,  from  the  feebleness  of  closure.  The 
laryngeal  palsy  rarely  becomes  complete,  and  it  is  still  rarer  for  the  power  of 
abduction  to  be  specially  lost,  common  as  abductor  palsy  is  in  some  other 
forms  of  central  degeneration. 

There  is  no  loss  of  sensibility  in  any  of  the  affected  parts,  and  taste  is 
unimpaired,  but  the  reflex  action  in  the  throat,  so  active  in  health,  is  usually 
lost.  The  palate  or  fauces,  and  even  the  larynx,  can  be  touched  or  tickled 
without  exciting  the  spasm  that  is  normally  produced.  Sometimes  this  loss 
of  reflex  action  precedes  the  other  symptoms  of  the  disease  (Krishaber).  It 
increases  very  much  the  risk  of  the  entrance  of  food  into  the  larynx.  The 
impairment  is  apparently  due  to  the  affection  of  the  motor  section  of  the 
reflex  arc.  But  reflex  action  is  not  invariably  lost ;  Erb  twice  found  it  pre- 
served in  the  palate  and  pharynx  to  a  late  stage  of  the  disease. 

*  It  is  often  thought  that  there  is  an  increase  in  the  secretion  of  saliva,  and  "  salivation  " 
is  said  to  exist,  but  it  is  doubtful  whether  the  amount  is  larger  than  the  normal.  A  patho- 
logical increase  has  been  asserted  very  strongly  by  some  authors ;  Schulz  supposed  that,  in 
one  case  under  his  care,  the  secretion  was  increased  to  six  times  the  normal  quantity. 
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Fig.  314. 


Wasting  of  the  tongue,  and  maximum'  pro- 
trusion, in  a  case  of  chronic  bulbar  pa- 
ralysis. 


Alterations  of  nutrition  are  chiefly  visible  in  the  tongue,  and  its  condition 

varies  much  in  different  cases.      In  some  the  organ  is  large  and  broad 

throughout,  although  soft  and  flabby  to  the 

touch.     In  other  cases  it  is  conspicuously 

wasted,  and  the  surface  is  deeply  furrowed 

and  wrinkled,  from  the  loss  of  the  muscular 

substance  (Fig.  314).     In  some  cases  the  lips 

retain  their  normal  size;  in  others  they  are 

conspicuously  thin.     Electric  irritability  is 

little   changed ;    the    muscles,    even    when 

greatly  wasted,  still  react  to  faradaism  with 

readiness.     Erb  has  found  an  indication  of 

the  reaction  of  degeneration,  an  increased 

and  altered  reaction  to  voltaism,  and  this 

although  the  faradaic  excitability  was  normal 

— the  mixed  (or  "middle")  form  of  reaction  (see  p.  45).     Symptoms  of 

motor  irritation,  such  as  convulsion  or  spasm,  are  never  present. 

The  intellectual  faculties,  as  a  rule,  are  unimpaired.  The  only  alteration 
that  is  common  is  a  curious  emotional  mobility ;  in  consequence  of  thisj 
laughter  or  tears  are  evoked  by  trifling  causes,  and  the  immobile  face  and 
unmodulated  tone  may  render  the  laughter  strangely  grotesque.  But  the 
mental  functions  present  no  change  ;  the  unhappy  sufferer  is  painfully  con- 
scious of  his  state;  and  his  distress  is  increased  by  the  inability  to  express  it, 
except  by  the  laryngeal  gestures  to  which  speech  is  reduced. 

Progressive  bulbar  paralysis,  already  mentioned,  is  often  associated  with 
progressive  muscular  atrophy  in  the  limbs  and  trunk,  accompanied,  it  may 
be,  with  the  symptoms  of  lateral  sclerosis  of  the  cord.  Either  the  bulbar  or 
spinal  symptoms  may  lead  the  way,  and  dominate  the  aspect  of  the  case. 
Toward  the  close  of  a  general  progressive  atrophy  the  mouth  and  throat 
muscles  may  suffer,  or  when  these  are  first  and  considerably  affected,  wast- 
ing may  show  itself  in  the  muscles  of  the  limbs.  Less  commonly,  bulbar 
paralysis  is  associated  with  spastic  paralysis  of  the  limbs  and  slight  wasting; 
lateral  sclerosis  is  then  found  after  death,  with  only  slight  changes  in  the 
anterior  horns. 

Even  in  cases  not  accompanied  by  general  atrophy,  the  paralysis  may 
spread  beyond  the  muscles  of  the  lips,  tongue  and  throat.  The  muscles  of 
the  upper  part  of  the  face  and  of  the  eyeballs  are  scarcely  ever  involved.* 
Excessive  frequency  of  the  pulse  (150-160)  is  sometimes  observed  toward 
the  close,  and  attacks  of  dyspnoea  have  resulted,  in  rare  cases,  from  the 
extension  of  the  degeneration  to  the  respiratory  centre.  It  is  father  strange 
that  glycosuria  seems  never  to  result  from  the  degenerative  changes  beneath 
the  floor  of  the  fourth  ventricle  that  constitute  this  disease.  This  may  be 
another  instance  of  the  way  in  which  functional  relation  determines  the 


*  Nevertheless,  cases  of  progressive  ophthalmoplegia  may  be  ultimately  complicated  by 
bulbar  paralysis. 
59 
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distribution  of  the  morbid  process.     Occasionally  the  muscles  of  mastication 

become  weak. 

Among  the  indirect  effects  of  the  disease,  are  the  weakness  and  emacia- 
tion that  result  from  the  imperfect  supply  of  nourishment,  consequent  on 
the  difficulty  of  swallowing,  and  the  bronchitis  that  is  apt  to  be  set  up  by 
the  passsage  of  particles  of  food  into  the  air  passages. 

The  Course  of  the  disease  is  always  progressive,  although  not  uniformly 
so.  From  time  to  time  its  progress  is  retarded,  and  it  may  seem,  for  weeks 
or  even  for  months  (seldom  for  a  year  or  so),  to  be  at.  a  standstill.  The 
hopes  thus  excited  are  usually  baseless,  for  the  disease  again  increases, 
often  at  a  more  rapid  rate.  An  intercurrent  malady,  which  lessens  the 
patient's  strength,  accelerates  the  progress  of  the  disease.  Its  duration  is 
usually  from  one  to  three  or  four  years.  In  one  case  it  lasted  for  seven  years 
(Leyden). 

The  Causes  of  Death  are  gradual  weakness  from  inanition  ;  bronchitis 
and  broncho-pneumonia,  from  the  entrance  of  food. into  the  air  passages; 
failure  of  respiratory  power  from  associated  atrophy  of  the  muscles  of  the 
trunk,  or  from  invasion  of  the  respiratory  centre  in  the  medulla ;  or  failure  of 
the  heart's  action  from  the  extension  of  the  degeneration  to  the  cardiac 
centre  of  the  vagus. 

Pathology. — In  the  affected  muscles  there  are  changes  similar  to  those 
seen  in  progressive  muscular  atrophy  of  the  limbs.  The  fibres  may  present 
extensive  granular  and  fatty  degeneration,  or  may  be  simply  narrowed. 
Usually  some  fibres  are  much  affected,  and  others  but  little,  so  that  empty 
sarcolemma  sheaths  and  normally  striated  fibres  may  lie  side  by  side. 
There  is  an  increase  of  the  nuclei  of  the  sheaths  and  of  the  interstitial  tissue, 
and  the  latter  may  present  an  abnormal  accumulation  of  fat.  Masses  of 
reddish  pigment,  the  product  of  the  degeneration  of  the  fibres,  also  lie 
between  them.  The  nerve  endings  in  the  muscle  are  degenerated.  The 
motor  nerve  trunks  are  gray  and  soft,  and  the  microscope  shows  degenera- 
tion of  the  nerve  fibres  and  increase  of  the  interstitial  tissue. 

The  medulla  oblongata  itself  generally  appears  normal  to  the  naked  eye; 
rarely  there  is  slight  diminution  in  bulk.  The  important  morbid  appear- 
ances are  revealed  only  by  microscopical  examination.  There  may  be  dis- 
tinct atrophy  of  the  fibres  of  the  hypoglossal  and  other  nerves  within  the 
medulla.  In  the  motor  nuclei,  changes  are  found  quite  similar  to  those 
presented  by  the  gray  matter  of  the  cord  in  progressive  muscular  atrophy. 
There  is  wasting  of  the  nerve  cells,  many  of  which  lose  their  processes  and 
become  reduced  to  small  angular  bodies.  The  interstitial  tissue  becomes 
altered,  and  contains  granule  corpuscles  and  other  products  of  the  degener- 
ation of  the  nerve  elements;  sometimes  there  is  a  conspicuous  increase  in 
the  connective-tissue  elements,  spider  cells,  etc. ;  the  walls  of  the  vessels 
may  be  thickened.  Degeneration  is  often  found  in  the  anterior  pyramids, 
just  as  the  pyramidal  tracts  are  commonly  degenerated  in  the  correspond- 
ing affection  of  the  anterior  cornua  of  the.  spinal  cord,  which  so  often 
coexists  with  the  bulbar  degeneration.    In  such  combined  cases,  the  sclerosis 
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of  the  pyramidal  fibres  may  be  traced  through  the  pons  and  cerebral 
peduncles.  When,  as  is  commonly  the  case,  there  is  muscular  atrophy 
elsewhere,  the  spinal  cord  presents  corresponding  alterations  in  the  gray 
and  white  substance.  It  is  probable  that;  in  some  cases  of  bulbar  paralysis, 
the  disease  is  confined  to  the  pyramidal  fibres,  as  in  cases  of  lateral  sclerosis 
of  the  spinal  cord  causing  spastic  paralysis.  The  distribution  of  the  degen- 
eration in  the  medulla  is  fairly  uniform  ;  it  is  most  considerable  and  most 
constant  in  the  hypoglossal  nucleus,  next  in  the  adjacent  part  of  the  nucleus 
of  the  spinal  accessory  nerve,  and  it  is  usually  found,  in  less  degree,  in  the 
nuclei  of  the  vagus  and  glosso-pharyngeal,  rarely  in  that  of  the  motor  part 
of  the  fifth  nerve,  and  in  the  chief  facial  nucleus.  Wasting  of  the  nerve 
cells  has  also  been  observed  in  the  "  nucleus  ambiguus  "  (X,  Fig.  205,  p. 
484).*  The  degeneration  is  always  bilateral,  and  corresponds  very  closely 
with  the  distribution  of  the  symptoms.  The  grouping  according  to  function 
makes  it  practically  certain  that  the  process  begins  in  the  nerve  elements 
and  follows  their  functional  relations  in  its  extension.  The  exact  degener- 
ation on  which  the  paralysis  of  the  orbicularis  depends  has  not  yet  been 
clearly  made  out.  Lockhart  Clarke  believed  that  he  had  traced  a  descend- 
ing portion  of  the  facial  nucleus  to  the  neighborhood  of  the  hypoglossal,  and 
that  it  was  the  disease  of  this  part  that  caused  the  paralysis  of  the  lips. 
Later  researches  have  failed  to  establish  the  existence  of  this  nucleus,  but  it 
is  highly  probable  that  the  orbicular  fibres  do  descend  to  the  neighborhood 
of  the  hypoglossal  (see  p.  486),  althoughit  is  impossible  to  trace  them  among 
the  many  horizontal  fibres  of  the  reticular  formation  in  which  they  lie. 
The  fibres  of  the  anterior  pyramids  and  pyramidal  tracts  in  the  pons  and 
crura  have  also  been  found  degenerated,  but  in  the  cases  in  which  this  has 
hitherto  been  traced,  there  has  also  been  atrophy  or  palsy  of  the  limbs,  and 
then  the  degeneration  of  the  pyramids  is  the  rule  (see  p.  365). 

The  marked  contrast  presented  by  the  tongue  in  different  cases — in  some 
small,  wrinkled,  and  shrunken,-  in  others  large,  broad,  and  flabby — led 
Duchenne  to  divide  the  cases  into  two  varieties,  the  atrophic  and  the  para- 
lytic. Most  later  writers  have  rejected  this  distinction,  on  the  ground  that 
there  may  be  considerable  atrophy  of  the  muscular  fibres  without  shrinking, 
because  an  overgrowth  of  interstitial  fat  compensates  for  the  lessened  bulk 
of  the  muscular  tissue.  It  is  not  certain,  however,  that  the.  difference 
between  the  two  sets  of  cases  can  be  always  thus  explained.  It  is  pos- 
sible that  in  some  of  the  cases  without  obvious  wasting,  the  primary  disease 
is  not  in  the  nerve  nuclei  but  in  the  fibres  that  connect  these  with  the  cere- 
bral hemispheres  or  in  the  lower  extremities  of  these  fibres,  within  the  nuclei. 
We  have  seen  that  the  pyramidal  fibres  may  be  degenerated,  and  these  fibres 
are  homologous  with  those  that  constitute  the  upward  path  from  the  nuclei  to 
the  cortex.  In  cases  in  which  these  fibres,  and  not  the  nuclei,  are  diseased, 
there  should  be  no  loss  of  reflex  action,  and  we  have  seen  that,  in  some  cases, 
the  reflex  action   is  preserved.     This  feature  would  distinguish  such  cases 


*  Petersson,  Neur,  Centrallil.,  1886,  p.  376. 
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from  those  of  nuclear  disease  in  which  real  wasting  is  obscured  by  over- 
growth of  fat. 

Atrophic  bulbar  paralysis  must  be  regarded  as  an  affection  practically  iden- 
tical with  the  progressive  muscular  atrophy  that  is  so  often  associated  with  it. 
The  difference  between  them  depends  pnly  on  the  seat  of  the  morbid  process, 
and  not  at  all  on  its  nature*    The  disease  is  a  degeneration  of  the  lower 
segment  of  the  motor  path   for  the   muscles  affected   (see   pp.    130   and 
367),  and  in  some  cases  it  appears  to  be  a  degeneration  of  the  whole  path, 
upper   and   lower  segments.     Although  an  affection  of  the  cortical   cells 
has  not  yet  been  found,  it  is  highly  probable  from  the  analogy  of  progres- 
sive  muscular  atrophy  (see  p.  366).     In   other  cases   it   is  probable  that 
the  malady  is  the  bulbar  homologue  of  primary  lateral  sclerosis  of  the  spinal 
cord,  and  that  the  degeneration  is  limited  to  the  upper  segment  of  the  path. 
Diagnosis.— The   distribution  of  the   palsy,  its   bilateral  character,  its 
gradual  onset  and  progressive  course,  separate  the  disease  with  sufficient 
sharpness  from  most  other  maladies.     The  slow  onset  distinguishes  it  from 
acute  lesions  of  the  medulla,  which  may  cause  the  symptoms  of  similar  char- 
acter and  distribution  described  in  the  next  section.     The  chief  difficulty 
is  presented  by  organic  diseases  of  the  medulla,  which  may  cause  "  bulbar 
palsy ' '  of  slow  onset.     The  most  frequent  of  these  is  a  tumor  in  or  outside 
the  medulla,  damaging  it  by  invasion  or  compression,  or  compressing  the 
nerve   roots,  but  the  symptoms  thus  produced  seldom  present  the  perfect 
bilateral  symmetry  that  characterizes  the  degenerative  affection.     One  side 
is  affected  first  or  most,  the  difficulty  of  swallowing  preponderates  over  the 
other  symptoms,  and  the  lips  usually  escape  altogether.     Moreover,  head- 
ache is  usual,  and  convulsions  are  occasionally  met  with. 

Tumors  within  the  medulla  sometimes  give  rise  to  greater  difficulty,  but 
the  cases  in  which  a  growth  acts  on  both  sides  in  such  an  equal  manner  as  to 
cause  perfectly  symmetrical  symptoms  are  excessively  rare,  and  there  are 
usually  other  indications  to  help  the  diagnosis — either  there  are  other  indi- 
cations of  a  tumor,  or  the  patient  is  so  young  as  to  render  the  degenerative 
disease  highly  improbable.  Insular  sclerosis,  involving  the  medulla,  is 
seldom  so  symmetrical  as  to  give  rise  to  real  difficulty,  and  there  are  always 
indications  in  other  parts  of  the  morbid  process.  Chronic  lesions  in  both 
cerebral  hemispheres  may  cause  symptoms  resembling  those  of  bulbar  palsy, 
although  such  an  effect  is  far  more  rarely  caused  by  chronic  than  by  acute 
lesions ;  the  chief  distinctions  are  afforded  by  the  development  of  symptoms 
first  on  one  side  and  then  on  the  other — the  affection  of  the  limbs,  as 
well  as  the  face,  in  distinct  double  hemiplegia — and  by  other  symptoms 
indicative  of  the  nature  of  the  morbid  process.  Reflex  action  is  preserved 
in  the  parts  paralyzed,  and  these  are  never  wasted,  but  alone  these  points  are 
not  sufficient  for  the  diagnosis,  although  they  may  be  allowed  weight  in  sup- 
port of  other  indications. 

*  The  essential  identity  of  the  two  diseases  was  first  urged  by  Kussmaul  (  Volkmann's 
Clin.  Led.,  No.  54,  1873). 
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Prognosis. — In  every  case  of  gradual  onset  the  prognosis  is  most  grave. 
The  affection  is  progressive  in  its  tendency,  and  the  parts  affected  are  so 
important  for  life,  that  the  disease  almost  invariably  leads  to  death.  It  is 
doubtful  whether  any  chronic  case  has  been  cured  or  even  permanently 
arrested. 

Treatment. — Although  experience  shows  that  we  can  scarcely  expect,  in 
any  case,  that  our  treatment  will  have  an  appreciable  influence  on  the  dis- 
ease, we  may  strive  at  least  to  retard  its  progress,  and  employ  such  measures 
as,  from  their  action  on  the  nervous  system,  are  most  likely  to  produce  this 
effect.  It  is  probable  that  cases  will  occasionally  be  met  with  in  which  the 
morbid  tendency  is  less  strong  than  it  usually  is,  and  in  which  treatment 
may  have  some  influence.  Nervine  tonics,  quinine,  strychnine,  arsenic, 
phosphorus,  or  nitrate  of  silver  may  be  given,  or  hypodermic  injections 
of  strychnia  (^  gr.)  may  be  administered,  as  recommended  for  progressive 
muscular  atrophy  (p.  372).  In  advanced  cases  I  have  known  transient 
improvement  to  follow  the  injection  of  strychnia,  combined  with  minute, 
stimulant  doses  of  morphia  CgV~2^r  gr.).  The  power  of  swallowing  has  been 
increased  by  this  treatment,  but  unfortunately  the  effect  has  not  been  per- 
manent. To  lessen  the  flow  of  saliva,  belladonna  or  atropine  may  be 
given. 

Electricity  has  been  largely  employed.  With  the  view  of  influencing  the 
morbid  process  in  the  medulla,  the  voltaic  current  has  been  passed  from  one 
mastoid  process  to  the  other.  To  the  muscles,  either  faradaism  or  voltaism 
may  be  applied,  for  they  respond  to  either  in  the  majority  of  cases.  It  may 
be  applied  to  the  tongue,  lips  or  pharynx,  the  latter  by  placing  the  positive 
pole  at  the  back  of  the  neck,  and  moving  the  other  along  the  side  of  the 
pharynx.  Electrization  of  the  sympathetic  has  also  been  used  as  a  method 
of  treatment,  but  is  probably  as  destitute  of  rational  foundation  as  it 
certainly  is  of  practical  effect.  Indeed,  the  result  of  all  electrical  treatment 
is  very  unsatisfactory.  For  an  hour  or  two  after  each  application  there  may 
be  a  little  more  power,  but  the  effect  does  not  last.  I  have  never  observed 
satisfactory  evidence  that  electricity  had  the  slightest  influence  on  the  course 
of  the  disease  in  any  one  of  many  cases  in  which  I  have  seen  it  used. 

In  all  cases  the  feeding  of  the  patient  demands  much  care.     Semi-solid 

pulpy  food  can  usually  be  swallowed  better  than  liquids  or  solids.     When 

deglutition  is  impossible,  liquid  food  must  be  given  by  an  oesophageal  tube, 

or  by  a  catheter  or  soft  india-rubber  tube  passed  through  the  nose  into  the 

upper  part  of  the  oesophagus.     The  food  may  be  slowly  poured  into  the 

tube  through  a  small  funnel.    The  only  alternative  is  the  less  effectual  method 

of  rectal  feeding  with  peptonized  food.     The  larynx  has  been  opened  in 

one  case,  in  which   attacks  of    threatened   suffocation  were  frequent   and 

severe. 

SUDDEN  (APOPLECTIFORM)  BULBAR  PARALYSIS. 

It  has  been  already  mentioned  that  various  acute  lesions  of  the  medulla 
cause  symptoms  in  the  region  of  the  nerves  implicated  in  the  degenerative 
form,  and  that  these  lesions  generally  differ  from  the  latter  in  the  irregularity 
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of  the  grouping  of  the  symptoms  produced.  Occasionally,  however,  a 
sudden  lesion  causes  symptoms  that  are  perfectly  symmetrical,  and  corres- 
pond very  closely  to  those  of  degeneration  of  the  bulbar  nuclei.  Almost 
all  the  sufferers  have  been  advanced  in  life — at  the  period  in  which  arterial 
degeneration  is  common,  but  similar  symptoms  have  been  observed  in 
younger  persons  as  a  result  of  blows  and  falls  on  the  head  or  neck.*  The 
onset  is  sudden  and  apoplectiform,  sometimes  with  giddiness  and  vomiting, 
usually  without  loss  of  consciousness.  The  initial  symptoms  may  be  of 
wider  range  ;  there  may  be  weakness  of  the  limbs  or  affection  of  sensibility, 
usually  in  the  form  of  subjective  sensations,  rarely  actual  anaesthesia.  These 
wider  symptoms  pass  away,  and  leave  a  permanent  condition  closely  resem- 
bling that  of  the  degenerative  form,  but  differing  in  that  there  is  no  pro- 
gressive tendency.  For  a  time,  indeed,  there  is  improvement ;  the  symp- 
toms lessen,  sometimes  much,  sometimes  little ;  and  then  the  condition 
remains  stationary,  it  may  be  for  many  years.  Occasionally,  after  a  time 
degenerative  changes  may  supervene  on  the  original  acute  lesion,  and  then 
the  case  assumes  a  progressive  character  resembling  the  primarily  degenera- 
tive form.  Now  and  then  the  symptoms,  although  bilateral,  are  not  perfectly 
symmetrical.  Very  rarely  they  are  one-sided,  as  in  a  case  recorded  by  Hirt, 
in  which  paralysis  of  one  vocal  cord  and  of  the  corresponding  side  of  the 
tongue  came  on  suddenly  ;  there  was  wasting  of  the  tongue  with  the  reac- 
tion of  degeneration. f  In  other  cases,  again,  the  symptoms,  although 
bilateral,  are  more  irregular  in  their  distribution  than  in  the  typical  form. 
The  effects  of  random  lesions  of  medulla  necessarily  vary  considerably  in 
different  cases. 

As  an  example  of  this  sudden  form  may  be  mentioned  the  case  of  a  man 
aged  sixty-three.  At  fifty-five  he  had  a  slight  attack  of  right  hemiplegia  of 
ordinary  type,  without  affection  of  speech  or  of  swallowing,  from  which  he 
recovered  perfectly  in  the  course  of  a  few  months.  Five  weeks  before  being 
seen,  he  suddenly  became  unable  to  articulate  and  had  great  difficulty  in 
swallowing.  There  was  no  loss  of  consciousness.  No  change  in  his  con- 
dition had  occurred  when  he  came  under  observation.  His  condition  then 
resembled  perfectly  that  of  the  progressive  degenerative  form.  His  lower 
lip  hung  down ;  saliva  constantly  dribbled  from  the  mouth.  The  tongue 
was  broad,  flabby  and  almost  motionless,  only  the  tip  could  be  brought  over 
the  lower  teeth  (see  Fig.  315).  The  palate  was  flaccid,  but  could  be  raised 
a  little.  Swallowing  was  very  difficult  and  attacks  of  choking  were  frequent. 
The  vocal  cords  could  be  brought  together,  although  with  little  force,  so  that 
no  explosive  cough  was  possible.     He  could   still  phonate,  although  with 


*  As  in  a  case  in  a  boy,  aged  twelve,  recorded  by  Schulz  {Neurol.  Cenlralbl.,  1883,  p.  99), 
in  which  bulbar  paralysis  followed  immediately  a  blow  on  the  back  of  the  neck,  and  increased 
considerably  a  day  or  two  afterward.  It  is  assumed  that  there  was  traumatic  hemorrhage, 
followed  by  secondary  inflammation.  Compare  a  case  of  fatal  traumatic  hemorrhage  recorded 
by  Bochefontaine,  Arch,  de  Phys.,  1883,  p.  160. 

t  Hirt,  Berlin,  klin.  Wochenschrift,  /88j,  No.  26. 
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Fig,  315. 


Bulbar  paralysis  of  sudden  onset;  maximum 
protrusion  of 'the  tongue. 


little  modulation.  There  was  not  the  slightest  power  of  articulation; 
attempts  to  speak  resulted  only  in  "ah-ah-ah."  Expression  by  writing  was 
unimpaired.  This  patient  was  seen  from  time  to  time  for  five  years  after  the 
onset,  and  his  condition  remained  essentially  unaltered.  His  power  of  swal- 
lowing varied ;  sometimes  it  became  lejs, 
and  then  under  treatment  it  improved  again, 
but  on  the  whole  the  loss  of  articulation  and 
of  swallowing,  the  paralysis  of  lips,  tongue 
and  larynx,  were  neither  better  nor  worse  at 
the  end  of  the  five  years  than  they  were  five 
weeks  from  the  onset.  There  was  no  wasting 
and  no  loss  of  faradaic  irritability.  As  in 
this  case,  the  muscles  involved  are  usually 
those  supplied  from  the  medulla  oblongata 
only,  but  a  curious  case  has  been  recorded 
by  Dixon  Mann,  in  which  there  was  also 
paralysis  of  the  muscles  of  mastication.* 

The  pathology  of  these  cases  rests  at 
present  on  little  exact  observation.  It  is 
probable  that  they  depend  on  softening 
from  vascular  occlusion  situated  in  or  near 
the  middle  line,  and,  at  any  rate  in  the  cases  with  muscular  wasting, 
damaging  the  nuclei  that  are  the  seat  of  degeneration  in  the  progressive 
form.  The  position  of  the  lesion  in  cases  such  as  that  detailed  above,  in 
which  there  is  no  wasting  and  no  loss  of  electrical  irritability,  i.  e.,  no  evi- 
dence of  damage  to  the  nuclei  themselves,  is  uncertain.  It  is  possible  that 
its  seat  is  just  above  the  nuclei,  so  as  to  damage  the  paths  from  the  cerebral 
hemispheres,  which  probably  decussate  near  the  nuclei,  and  would  therefore 
be  liable  to  common  damage  from  a  single  lesion  in  the  middle  line.  Thus, 
in  a  case  described  by  Leyden,  there  was  an  area  of  softening  in  the  middle 
of  the  line  at  the  level  of  the  olivary  bodies,  f  It  would  seem,  however, 
that  bilateral  symptoms  sometimes  result  from  a  one-sided  lesion.  The 
functional  connection  between  the  nuclei  of  the  two  sides  is  exceedingly 
close ;  they  habitually  act  together  in  perfect  equality,  and  destruction  of 
those  on  one  side  may  for  a  time  interfere  with  the  function  of  their  fellows 
on  the  other  side.  In  most  cases  of  the  kind  the  duration  of  life  has  been 
short,  and  it  may  be  that  the  muscles  of  the  other  side  would  ultimately 
have  recovered. 

The  Diagnosis  of  these  cases  presents  little  difficulty.  They  are  sudden 
lesions  of  the  medulla,  and  the  cases  in  which  the  symptoms  are  symmetrical 
are  not  strictly  separable  from  the  others  just  mentioned,  in  which  symptoms 
of  similar  character  are  of  less  regular  and  symmetrical  arrangement.    The 


*  Dixon  Mann,  Brain,  July,  1884,  p.  244.     It  is  very  difficult  to  explain  this  combination 
of  symptoms  except  on  the  hypothesis  of  a  double  lesion, 
f  Leyden,  Arch.f.  Psych.,  vii,  p.  44. 
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distinction  from  the  degenerative  form  rests  on  the  mode  of  onset,  sudden 
in  the  one  case,  gradual  in  the  other.  It  is  to  be  noted,  however,  that  a 
sudden  increase  of  the  paralysis  sometimes  occurs  in  the  slow  form,  but 
preceding  symptoms  distinguish  these  cases  from  the  acute  variety. 

There  is,  however,  one  great  diagnostic  difficulty  in  connection  with  these 
cases.  The  "  pseudo-bulbar  paralysis  "  mentioned  on  p.  716,  may  simulate 
very  closely  the  symptoms  of  a  sudden  lesion  of  the  medulla.*  In  most 
cases  of  the  kind  the  indications  of  a  lesion  in  each  cerebral  hemisphere 
are  clear.  There  are  two  distinct  attacks,  causing  symptoms  first  on  one 
side  and  then  on  the  other,  and  it  is  the  second  attack  that  leaves  the  pa- 
ralysis of  the  lips,  tongue  and  pharynx  that  simulates  a  lesion  in  the  medulla. 
In  most  cases  of  the  kind  the  disease  has  been  in  the  central  ganglia, 
especially  in  the  lenticular  nucleus  ;  less  commonly  it  has  been  in  the  white 
substance,  or  in  the  Lower  part  of  the  motor  cortex,  or  in  this  part  on  one 
side,  and  in  the  central  ganglia  on  the  other.  In  cases  of  this  character, 
the  diagnosis  is  not  difficult  if  the  observer  is  aware  of  the  occurrence  of 
bulbar  symptoms.  If  such  symptoms  follow  the  indications  of  a  second 
lesion,  and  the  case  presents  the  negative  indications  presently  to  be  men- 
tioned, the  case  may  be  assumed  to  be  one  of  "  pseudo-bulbar  paralysis." 
A  much  greater  difficulty  is  presented  by  rare  cases  in  which  there  are  not 
two  successive  attacks,  but  the  bulbar  symptoms  follow  a  single  apoplecti- 
form seizure.  In  some  instances  lesions  occur  simultaneously  in  both  hemi; 
spheres ;  in  others,  a  subsequent  post-mortem  examination  has  shown  that 
only  one  hemisphere  of  the  brain  was  diseased,  and  the  lesion  has  sometimes 
been  on  one  side,  sometimes  on  the  other.  In  several  of  these  cases  the 
disease  was  in  the  lenticular  nucleus.  It  has  even  been  assumed  that  this 
nucleus  has  a  special  relation  to  the  processes  of  articulation  and  degluti- 
tion^ an  assumption  which  is  scarcely  consistent  with  the  frequency  with 
which  it  has  been  found  diseased  without  the  occurrence  of  bulbar  symp- 
toms. The  implication  of  the  internal  capsule  can  seldom  be  excluded  in 
lesions  of  the  nucleus.  Another  hypothesis  is  that  in  such  cases  of  one- 
sided lesion  there  is  an  exclusive  relation  of  these  processes  to  one  hemi- 
sphere, owing  to  some  congenital  structural  peculiarities. J  On  the  other 
hand,  it  has  been  held  that  undetected  microscopical  lesions  of  the  medulla 
are  really  answerable  for  the  bulbar  symptoms  in  these  and  many  other  cases 
of  pseudo-bulbar  paralysis.  §  It  is  certainly  important  to  remember  that 
disease,  causing  hemiplegia  and  death,  sometimes  escapes  discovery,  but  we 
must  admit  that  the  mechanism  by  which  the  bulbar  symptoms  result  from 
one-sided  lesions  is  still  practically  unknown. 

Besides  the  distinction  often  afforded  by  the  mode  of  onset,  these  cases 
are  characterized  by  the  slighter  degree  of  the  symptoms,  and  by  the  facts 

*  Cases  of  this  character  have  been  described  by  T.  Barlow,  Joffroy,  Lipine,  Berger,  Jolly, 
Ross  and  others.  f  Ross,  Brain,  July,  1882. 

%  O.  Berger,  Breslauer  Arztl.  Zeitschr.,  1884. 
I  Oppenheim  and  Siemerling,  59th  Versam.  Deut,  Aerzt.,  1886. 
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that  the  nutrition  of  the  tongue  is  unimpaired,  reflex  action  is  undiminished, 
and  there  is  no  change  in  electrical  irritability.  The  larynx  is  seldom 
paralyzed.  But,  inasmuch  as  these  negative  characteristics  are  sometimes 
present  when  the  lesion  is  in  the  medulla,  their  diagnostic  value  is  not  abso- 
lute. The  fact  that  a  second  lesion  may  be  in  the  medulla  must  also  be 
borne  in  mind,  and  must  occasionally  lessen  even  the  moderate  amount  of 
confidence  with  which  the  diagnosis  of  pseudo-bulbar  paralysis  can  be 
made. 

Prognosis. — Sudden  apoplectiform  bulbar  paralysis  involves  much  danger 
to  life  in  the  early  stage  of  the  disease,  but  the  subsequent  prognosis  is  less 
grave  than  in  the  chronic  degenerative  form.  The  tendency  of  the  symp- 
toms to  progress  is  slight  or  absent.  In  many  cases  considerable  improve- 
ment occurs  ;  some  recover  entirely.  In  others,  as  in  that  described  above, 
little  or  no  power  returns  in  the  paralyzed  parts.  The  only  guide  as  to  the 
probable  course  of  the  symptoms  is  that  afforded  by  the  condition  of  the 
patient  when  the  acute  stage  has  passed.  If  at  the  end  of  a  month  there  is 
no  sign  of  improvement,  and  there  is  still  a  considerable  degree  of  paralysis, 
it  is  improbable  that  much  improvement  will  ensue. 

The  treatment  of  this  form  is  essentially  that  of  acute  softening  from  vas- 
cular occlusion,  and  is  described  in  detail  at  a  previous  page.  The  general 
management  of  the  case  in  regard  to  feeding,  etc.,  is  the  sanie  as  in  the 
degenerative  variety. 

ACUTE  (INFLAMMATORY)  BULBAR  PARALYSIS. 
The  term  acute  bulbar  paralysis  is  commonly  applied  to  the  sudden  form, 
described  in  the  last  section.  But  there  is  yet  a  third  variety,  'exceedingly 
rare,  in  which  the  symptoms  develop  not  suddenly,  not  in  a  few  minutes,  but 
acutely,  in  a  few  days.  The  mode  of  onset  is  that  which  suggests  an  acute 
inflammation,  and  that  this  is  actually  the  lesion  is  proved  by  a  case  observed 
by  Etter.*  A  boy,  aged  fifteen,  was  taken  ill  with  headache  and  vomiting, 
discomfort  in  the  throat,  difficulty  in  swallowing,  and  fever.  In  the  course 
of  the  first  week  there  developed  bilateral  paralysis  of  the  face,  accompanied 
by  palsy  of  the  tongue,  greatest  on  the  left  side,  paralysis  of  the  palate,  and 
of  the  left  sixth  nerve.  Death  resulted  from  pneumonia  on  the  tenth  day. 
The  post-mortem  and  microscopical  examination  revealed  many  myelitic  foci 
in  the  medulla,  symmetrical  on  the  two  sides,  but  greater  on  the  left.  They 
involved  the  left  sixth  nucleus,  the  left  facial  nerve  within  the  pons,  and  the 
right  facial  nucleus,  the  left  hypoglossal  nucleus  and  the  right  hypoglossal  fibres, 
and  the  accessory  nucleus  on  each  side,  the  motor  part  of  the  vagus  nucleus 
on  each  side,  and  many  cells  and  fibres  in  the  tegmental  region  of  the  lower 
part  of  the  pons.  The  foci  of  inflammation  in  the  accessory  nuclei  could  be 
traced  down  the  cord  as  far  as  the  fourth  cervical  nerves.  Such  a  lesion  is 
evidently  closely  analogous  to  that  which,  in  the  spinal  cord,  causes  acute 

*  Corresp.-bl.  f.  Schweizer  Aerzte,  1882,  No.  24. 
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atrophic  paralysis.     We  have  seen  (p.  616)  that  a  similar  inflammation  may 
involve  the  nuclei  of  the  ocular  nerves  in  the  upper  part  of  the  pons. 

The  treatment  of  such  a  case  must  be  that  of  other  forms  of  acute  inflam- 
mation of  the  brain. 


ATROPHY  OF   THE   BRAIN. 

The  whole  or  part  of  the  brain  may  be  below  the  normal  size.  In  gen* 
eral  atrophy,  the  texture  of  the  brain  is  normal ;  the  whole  brain  is  small, 
and  the  skull  is  also  small  (microcephaly).  Little  is  known  of  the  causes 
of  this  condition,  whether  the  small  size  of  the  brain  is  the  cause  of  the 
small  size  of  the  skull,  or  the  reverse.  The  condition  is  generally  associated 
with  a  high  degree  of  mental  defect. 

In  partial  atrophy  of  the  brain,  one  part  is  unduly  small  in  proportion  to 
the  rest.  The  part  so  affected  is  usually  changed  in  structure.  It  is  firmer 
or  softer  than  normal,  and  contains  more  connective  tissue  and  fewer  nerve 
elements.  Almost  any  part  of  the  brain  may  be  thus  affected — the  whole  of 
one  cerebral  hemisphere,  or  only  part  of  it,  the  central  ganglia  on  one  side, 
the  pons,  or  the  cerebellum.  Atrophy  of  the  cerebellum  may  involve  the 
whole  or  only  one  hemisphere,  or  both  hemispheres — the  middle  lobe  being 
normal.  When  the  whole  of  one  cerebral  hemisphere  is  atrophied,  one  part 
is  usually  more  affected  than  the  rest.  Several  parts  of  the  brain  are  frc 
quently  atrophied  together,  in  a  manner  that  shows  a  causal  relation — that 
the  atrophy  of  one  entails  that  of  the  other.  Thus  atrophy  of  the  whole  of 
one  cerebral  hemisphere  is  usually  associated  with  atrophy  of  the  opposite 
cerebellar  hemisphere.  The  latter  may  be  associated  with  atrophy  of  the 
opposite  corpus  striatum  without  the  rest  of  the  hemisphere,  and  it  is  usually 
associated  also  with  atrophy  of  the  opposite  olivary  body  of  the  medulla 
oblongata. 

Partial  atrophy  of  the  brain  is  probably  in  most  cases  acquired.  This  is 
clear  in  many  instances  in  which  it  is  attended  with  symptoms  that  date  from 
the  first  years  of  life.  In  some  of  these  cases  the  lesion  dates  fiom  birth, 
and  the  change  in  the  brain  is  the  result  of  its  compression  by  local  meningeal 
hemorrhage  (see  p.  801).  In  other  instances  the  lesion  occurs  during  infancy, 
and  is  accompanied  by  "infantile  hemiplegia,"  in  the  account  of  which 
(p.  839)  will  be  found  some  evidence  as  to  the  nature  of  the  disease.  In 
some  cases,  again,  it  is  probable  that  an  attack  of  meningitis  was  the  cause. 
Both  hemispheres  may  suffer  from  this  cause,  and  also  in  the  cases  of  menin- 
geal hemorrhage  during  birth.  In  all  cases  the  local  atrophy  is  often  accom- 
panied by  a  general  diminution  in  size  of  the  hemisphere,  no  doubt  due  to 
the  connection  that  exists  between  all  parts,  and  to  the  effect  of  consider- 
able damage  to  one  part  of  the  growing  brain  on  the  development  of  the 
rest. 

Partial  atrophy  of  the  brain  may  also  develop  during  intra-uterine  life.  It 
may  be  found  present  at  the  time  of  birth.  In  some  cases  it  is,  perhaps,  due 
to  intra-uterine  disease  similar  in  character  to  that  which,  after  birth,  has 
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similar  consequences.  More  frequently  the  atrophy  is  such  that  it  can 
scarcely  be  thus  explained.  Atrophy  of  the  cerebellum  is  more  frequent  in 
these  cases  than  is  atrophy  of  one  cerebral  hemisphere.  Sometimes  both 
cerebellar  hemispheres  are  very  small,  and  the  middle  lobe  is  of  normal  size. 
It  is  very  difficult  to  explain  this  condition  on  the  supposition  of  any  intra- 
uterine disease.  The  condition  is  probably  connected  with  the  entire 
absence  of  the  cerebellum  sometimes  observed,  and  is  due  to  some  perver- 
sion of  the  process  of  development,  the  cause  of  which  is  practically 
unknown. 

The  symptoms  that  attend  atrophy  of  the  brain  vary  much.  Mental 
defect  is  the  most  constant,  and  usually  amounts  to  idiocy.  Hemiplegia  and 
epileptic  fits  often  accompany  atrophy  of  one  cerebral  hemisphere.  Bilat- 
eral weakness,  with  athetoid  movements  and  incoordination,  may  attend 
bilateral  atrophy  such  as  is  due  to  difficult  birth.  In  many  cases,  however, 
it  is  scarcely  correct  to  regard  these  symptoms  as  the  consequences  of  the 
atrophy  ;  they  are  the  result  of  disease  of  the  motor  region,  of  which  the 
general  atrophy  is  also  the  result.  In  atrophy  of  the  whole  of  the  cerebel- 
lum, unsteadiness  has  been  observed  similar  to  that  which  results  from  dis- 
ease of  the  middle  lobe.  When  only  the  hemispheres  have  been  affected, 
there  have  been  no  motor  symptoms,  but  in  some  cases  there  was  intellec- 
tual defect.  Atrophy  of  one  hemisphere  of  the  cerebellum  has  been  found 
when  no  symptoms,  that  could  be  ascribed  to  it,  were  present  during  life. 

Senile  Atrophy. — In  old  age  the  brain  wastes,  like  many  other  organs, 
and  becomes  smaller  and  firmer.  The  amount  of  fluid  in  the  ventricles  and 
on  the  surface  becomes  increased  in  proportion  to  the  lessened  bulk  of  the 
brain.  This  natural  increase  of  fluid  was  formerly  regarded  as  pathologi- 
cal, and  a  mysterious  death  was  ascribed  to  "  serous  apoplexy,"  a  purely 
imaginary  lesion.  This  wasting  of  the  brain  is  commonly  attended  by  no 
symptoms.  Senile  mental  failure  is  often  ascribed  to  it,  but  since  it  may 
exist  in  considerable  degree  without  the  slightest  mental  defect,  caution 
should  be  observed  in  attributing  to  it  any  mental  change  that  may  coexist. 


HYPERTROPHY  OF  THE  BRAIN. 
Under  the  name  "  hypertrophy  of  the  brain,"  a  -condition  has  been 
described  in  which  the  brain  is  of  abnormal  size.  Sometimes  it  has  been 
found  also  to  be  of  distinctly  abnormal  weight,  but  the  wide  variations  in 
the  weight  of  the  brain  under  normal  conditions  render  this  criterion 
decisive  only  in  extreme  cases.*  The  size  of  the  brain  in  relation  to  the 
size  of  the  skull  is  the  feature  that  has  attracted  most  attention.    If  the  con- 


*  The  weight  and  size  of  the  brain  differ  according  to  age  and  stature,  but  even  thus 
tested  the  variations  are  great.  Proportion  to  absolute  body  weight  has  also  been  taken  as 
a  guide,  but  it  is  not  to  be  relied  on,  since  the  body  weight  varies  in  each  direction,  that  of 
obesity  and  of  emaciation,  irrespective  of  stature.  If  the  body  weight  is  taken  as  a  term  of 
comparison  it  should  be  the  average  for  each  age  and  stature. 
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dition  develops  before  the  bones  have  united,  the  skull  is  said  to  undergo 
enlargement  similar  to  that  of  hydrocephalus.  If  the  sutures  have  been 
closed,  the  convolutions  are  compressed  and  pale,  and  when  the  brain  has 
been  removed  it  cannot  be  replaced  in  the  cranial  cavity — a  feature  which 
has,  since  the  days  of  Morgagni,  attracted  attention,  perhaps  more  than  it 
deserves.  In  all  cases  the  ventricles  are  empty ;  their  walls  are  pressed 
together,  and  the  vessels  of  the  brain  contain  little  blood. 

Decisive  examples  of  this  state  are  extremely  rare  ;  there  are  few  satisfac- 
tory observations  on  the  minute  structure  of  the  enlarged  organ,  and  we  do 
not  therefore  know  whether  this  is  the  same  in  all  cases.  In  some  an  increase 
in  the  neuroglia  has  been  found,  and  has  been  regarded  as  the  cause  of  the 
enlargement  (Virchow  ;  Tuke,  in  an  unusual  case  in  which  the  enlargement 
was  confined  to  one  hemisphere).  In  other  cases  no  increase  in  the  connec- 
tive tissue  could  be  found. 

Such  enlargement  of  the  brain  has  been  met  with  chiefly  under  three  con- 
ditions:  (i)  In  very  young  children  soon  after  birth.  It  is  in  these  that 
the  hydrocephaloid  enlargement  of  the  head  has  been  described.  (2) 
Toward  the  end  of  the  first  year  of  life,  in  association  with  rickets.  It 
may  be  that  the  closure  of  the  skull  being  retarded,  the  brain  attains  an 
abnormal  size  in  consequence  of  the  slightness  of  the  mechanical  restraint 
that  should  be  supplied  at  a  certain  age  by  the  closure  of  the  skull.  It  is 
doubtful  whether,  in  these  cases,  the  enlargement  in  the  brain  increases  the 
size  of  the  skull.  The  skull  does  become  large,  but  it  has  the  form  charac- 
teristic of  rickets.  It  may  be  that  this  is  due  not  only  to  the  abnormal  pro- 
cess of  ossification,  but  also  to  the  influence  of  the  brain  upon  the  soft 
skull.  (3)  Enlargement  of  the  brain  has  been  described  occasionally  in  older 
children  and  adults,  but  of  its  nature  very  little  is  known. 

Of  the  causes  of  this  condition  only  two  facts  can  be  regarded  as  estab- 
lished: first,  that  it  has  been  occasionally  observed  in  families;  secondly,  the 
relation  to  rickets  already  described. 

The  symptoms  that  it  produces  are  very  uncertain.  The  form  that  occurs 
soon  after  birth  and  causes  enlargement  of  the  head,  is  said  to  be  attended 
by  nervous  symptoms  almost  identical  with  those  of  chronic  hydrocephalus, 
so  that  the  distinction  of  the  two  is  practically  impossible.  It  is  doubtful 
whether  the  rickety  enlargement  causes  any  symptoms.  We  are  not  justified 
in  referring  to  it  the  laryngeal  spasm  and  general  convulsions  and  mental 
backwardness  of  rickety  children,  since  these  may  be  present  when  there 
is  no  enlargement  of  the  brain. 

Even  more  doubt  exists  as  to  the  symptoms  of  the  form  that  has  been 
met  with  at  a  later  age.  In  some  cases  it  has  apparently  caused  none.  In 
others,  acute  cerebral  symptoms,  resembling  meningitis,  have  occurred,  and 
have  run  a  rapid  course,  ending  in  death.  The  evidence  of  a  connection 
between  the  enlargement  of  the  brain,  which  was  regarded  as  chronic,  and 
the  acute  symptoms  is  not  satisfactory,  and  no  explanation  of  the  supposed 
connection  has  been  attempted.  The  condition  seems  never  to  have  been 
recognized  during  life,  and  nothing  is  known  of  its  treatment. 
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The  so-called  hypertrophy  of  a  small  part  of  the  brain,  as  of  certain  con- 
volutions, or  of  the  pons  Varolii,  have  probably  been  always  cases  of  an 
infiltrating  growth  (see  p.  876). 

From  what  has  been  said,  it  is  clear  that  the  pathology  of  enlargement 
of  the  brain  needs  reconsideration  in  the  light  of  fresh  investigation.  To 
describe  enlargement  from  overgrowth  of  connective  tissue  as  "  h^pe^traniry 
of  the  brain ' '  is  inconsistent  with  the  proper  use  of  the  word  "  hypertrophy, ' ' 
which,  when  applied  to  an  organ  without  qualification,  should  designate 
only  an  overgrowth  in  which  the  elements  on  which  the  function  of  the 
organ  directly  depends  bear  their  proper  proportion  to  the  interstitial 
tissue. 


HYDROCEPHALUS. 
Hydrocephalus,  or  dropsy  of  the  brain,  consists  in  an  accumulation  of 
fluid  within  the  skull,  either  in  the  subdural  space  (external  hydrocephalus) 
or  within  the  ventricles  (internal  hydrocephalus).  The  process  may  be  acute 
or  chronic,  may  be  the  result  of  other  morbid  processes  that  are  conspicuous 
(secondary  form),  or  may  occur  in  consequence  of  a  process  that  is  difficult 
to  trace  except  by  this  effect  (so-called  primary  form). 

ACUTE  HYDROCEPHALUS. 

The  only  known  cause  of  acute  hydrocephalus  is  meningitis.  This,  in  all 
forms,  may  be  attended  by  effusion  of  fluid  in  the  subdural  space  or  into  the 
ventricles.  The  latter,  for  instance,  occurs  in  four-fifths  of  the  cases  of 
tubercular  meningitis.  Hence  the  term  "acute  hydrocephalus"  was  for  a 
long  time  the  common  designation  for  meningitis.  The  external  effusion  is 
the  direct  result  of  the  inflammation  of  the  pia  mater,  and  the  internal  effu- 
sion is  probably  also  the  result  of  inflammation  of  the  choroid  plexuses  and 
velum  interpositum,  perhaps  also  of  the  lining  membrane  of  the  ventricle. 

In  some  cases,  however,  the  effusion  into  the  ventricles  is  the  only  patho- 
logical change  in  an  affection  of  acute  and  febrile  cause.  The  external 
meninges  are  healthy;  the  choroid  plexuses  may  be  the  seat  of  distinct 
inflammatory  changes,  and  the  lining  membrane  of  the  ventricles  may  be 
finely  granular ;  the  adjacent  brain  tissue  is  softened,  and  the  brain  substance 
and  convolutions  are  compressed.  There  is  no  indication  of  any  processes 
of  which  the  effusion  could  be  a  mechanical  consequence,  such  as  is  an  occa- 
sional cause  of  chronic  hydrocephalus.  The  symptoms  during  life  are  those 
of  an  acute  inflammatory  disease,  and  resemble  very  closely  those  of  tuber- 
cular meningitis.  Hence  it  is  commonly  assumed  that  they  are  due  to  a  ven- 
tricular meningitis,  affecting  chiefly  the  choroid  plexuses,  and  causing  an 
abundant  effusion  of  serum.  Although. the  pathology  of  the  cases  is  obscure, 
no  better  explanation  has  yet  been  given. 
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CHRONIC   HYDROCEPHALUS. 

External  Chronic  Hydrocephalus. — Whenever  there  is  wasting  of  the 
brain,  there  is  increase  of  the  subarachnoid  fluid  to  occupy  the  space  left. 
This  is  a  common  senile  condition.  Of  the  same  character  is  the  accumula- 
tion of  fluid  mptyittwni  fit?  re"*  ^cpc  of  arrested  development,  in  which  the 
^aiglfaj»!tfS*Tand  does  not  fill  the  cranial  cavity. 

In  other  cases,  without  the  brain  being  smaller  than  normal,  there  is  a  con- 
genital excess  in  the  amount  of  fluid  in  the  subdural  space,  and  this  expands 
the  skull.  The  expansion  may  be  so  great  as  to  prevent  the  child  being  born 
alive.  If  birth  is  survived,  the  head  rapidly  increases  in  size,  and  is  of  the 
same  shape  as  in  the  internal  hydrocephalus,  to  be  immediately  described. 
Post-mortem,  the  excess  of  fluid  is  the  only  morbid  condition.  There  is  no 
change  in  the  membranes,  and  the  actual  pathology  of  these  cases  is  obscure. 
The  condition  is  usually  attended  by  the  same  symptoms,  and  runs  the  same 
course,  as  internal  effusion.  Caries  of  the  bone  of  the  skull  in  such  cases 
has  occasionally  permitted  the  escape  of  the  effusion. 

^External  hydrocephalus  is  sometimes  "sacculated,"  i.  e.,  limited  to  a  cer- 
tain region  by  adhesions  between  the  dura  and  pia  mater.  This  condition 
is,  in  effect,  a  meningeal  cyst.  Its  position  may  be  over  part  of  one  cerebral 
hemisphere  or  beneath  the  tentorium.  If  there  is  enlargement  of  the  skull, 
this  is  correspondingly  unsymmetrical.  The  brain  may  be  compressed  oppo- 
site the  seat  of  the  effusion,  and  corresponding  local  symptoms  may  result. 
These  cases  doubtless  arise  from  inflammation,  and  their  course  may  be  varied 
by  intercurrent  attacks  of  a  meningitic  character. 

Chrqnic  Internal  Hydrocephalus  may  be  either  congenital  or  acquired. 
Congenital  Internal  Hydrocephalus  develops  in  utero,  and  may  cause  such 
enlargement  of  the  head  as  to  prevent  birth  until  the  fluid  is  let  out,  or  it 
may  be  moderate  at  the  time  of  birth,  and  afterward  rapidly  increase.  The 
causes  and  pathological  mechanism  are  practically  unknown.  It  has  been 
ascribed  to  maternal  grief  or  other  emotion,  but  on  no  reasonable  grounds, 
and  also  to  injury  of  the  fcetus  by  falls,  etc. — an  influence  which  is  at  least 
intelligible.  A  connection  has  been  supposed  to  exist  between  uterine  dis- 
ease and  hydrocephalus,  and  has  been  explained  hypothetically,  but  the 
causal  significance  of  the  association  needs  further  proof.  One  etiological 
fact  is,  however,  certain — that  a  tendency  to  the  occurrence  of  fcetal  hydro- 
cephalus sometimes  runs  in  families,  and  that  more  than  one  child  may  be 
affected  in  succession. 

Sometimes  all  the  ventricles  are  distended  ;  more  often  the  fourth  ventricle 
suffers  little,  even  though  there  is  no  obstruction  in  the  aqueduct  of  Sylvius. 
In  such  a  case  the  aqueduct  may  be  funnel-shaped,  dilated  toward  the  enlarged 
third  ventricle.  If  the  distention  is  confined  to  one  or  both  lateral  ventri- 
cles, there  is  some  obstruction  at  the  foramen  of  Monro  (see  further,  under 
Acquired  Hydrocephalus).  The  fluid  is  usually  clear,  of  low  specific 
gravity,  1001-1009,  and  contains  a  small  and  variable  amount  of  albumen, 
some  chloride  of  sodium,  and  sometimes  urea,  cholesterin,  and  other  sub- 
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stances  in  small  quantity.  The  amount  of  liquid  varies  according  to  the 
degree  of  the  disease,  and  has  been  as  much  as  twenty-seven  pounds.  In 
proportion  to  its  quantity,  the  substance  of  the  cerebral  hemispheres  is  com- 
pressed, and  thinned  by  stretching.  The  corpus  callosum  is  displaced 
upward,  and  if  the  cranium  is  enlarged,  the  hemisphere  extends  further  for- 
ward, backward,  upward  and  outward  than  normal.  The  cerebral  substance 
may  be  reduced  to  a  layer  only  a  few  millimetres  thick.*  eonstifttfing  th^-'chih 
wall  of  a  vast  cavity.  In  such  a  case  all  traces  of  the  convolutions  and  sulci 
may  have  disappeared,  and  even  the  basal  ganglia  may!  be  almost  unrecog- 
nizable. More  often  indications  of  the  sulci  can  be  traced,  and  the  com- 
pressed basal  ganglia  lie  at  the  bottom  of  the  sac.  The  cranium  is  enlarged 
in  proportion  to  the  amount  of  effusion,  and  the  bones  of  the  skull  are  thin. 
The  falx  is  necessarily  stretched,  and  its  edge  forms  a  larger  curve  than 
normal;  the  extension  of  its  edge  raises  the  anterior  part  of  the  tentorium. 
Hence  the  sub-tentorial  space  is  increased  in  size,  and  is  not  completely 
filled  by  the  cerebellum,  the  interval  being  occupied  by  liquid,  and  some- 
times by  loose  connective  tissue.  Otherwise  the  membranes  are  normal. 
The  choroid  plexus  may  be  thickened,  as  if  from  old  inflammation.  The 
lining  membrane  of  the  ventricles  is  often  finely  granular  on  the  surface  and 
is  sometimes  thickened. 

The  external  enlargement  of  the  skull  is  very  conspicuous  and  character- 
istic, and  rapidly  increases  after  birth.  The  fontanelles  become  very  large, 
and  bulge  ;  at  the  sutures  the  bones  are  widely  separated.  The  cranium  has 
a  rounded  shape,  and  becomes  disproportionately  large  in  comparison  with 
the  face.  The  disparity  is  increased  by  the  projection  of  the  frontal  portion 
of  the  skull.  The  orbital  plates  have  an  oblique  direction,  and  the  eyes  are 
directed  downward  and  partially  covered  by  the  lower  eyelids.  If  the  child 
lives,  the  head  may  attain  an  enormous  size ;  in  one  case,  at  sixteen  months 
old,  the  circumference  was  107.6  cm.  (Klein).  The  symptoms  vary  much. 
There  is  usually  considerable  mental  defect,  often  amounting  to  idiocy. 
The  limbs  are  weak ;  convulsions  and  various  contractures  are  frequent ; 
occasionally  febrile  attacks  occur,  attended  by  vomiting.  The  head  is  sup- 
ported with  difficulty,  both  on  account  of  its  weight  and  of  the  muscular 
weakness.  The  eyeballs  are  often  rolled  from  side  to  side,  and  their  axes 
may  not  correspond.  The  skin  of  the  head  is  thin  and  the  hair  scanty.  In 
extreme  cases  blindness  occurs,  and  the  ophthalmoscope  shows  optic-nerve 
atrophy,  produced  by  the  stretching  of  the  nerve  or  by  the  compression  of 
the  chiasma.  In  congenital  cases,  the  rapid  increase  of  the  disease  usually 
causes  death  in  the  second  or  third  month  of  life,  by  marasmus,  convulsions, 
or  coma.  Occasionally  the  morbid  process  becomes  arrested,  and  the  patient 
may  live .  on  to  adult  life,  and  even  to  old  age.  It  is  said  that  the  fluid  is 
sometimes  gradually  absorbed.  Ossification  of  the  bones  may  progress,  and 
is  usually  completed  by  the  development  of  "  Wormian  bones  "  within  the 
sutures.  If  the  disease  is  considerable  in  degree,  the  mental  and  motor 
symptoms  usually  continue  in  some  degree  through  life — mental  weakness, 
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often  with  irritability  of  temper,  epileptic  fits,  muscular  weakness,  and  con- 
tractures. 

Acquired  Chrome  Internal  Hydrocephalus  may  be  (i)  secondary  to  a  lesion 
that  produces  the  effusion  mechanically ;  (2)  consecutive  to  an  attack  of  acute 
meningitis ;  (3)  of  apparently  primary  origin. 

Secondary  Mechanical  Form. — As  Whytt  pointed  out  in  the  last  century, 
an7-obstruj/5ifti^of>the  veins  of  Galen,  hindering  the  return  of  blood  from 
the  intra-ventricular  vessels,  causes  effusion  into  the  ventricles,  which  may 
reach  an  extreme  degree.  The  most  common  cause  is  an  adjacent  tumor. 
The  fluid  normally  passes  out  of  the  ventricles  by  the  openings  in  the  mem- 
brane closing  the  fourth  ventricle,  the  foramen  of  Magendie  in  the  middle 
line,  and  the  openings,  one  on  each  side,  behind  the  roots  of  the  glossopha- 
ryngeal nerve,  first  described  by  Mierzejewski.  These  may  be  occluded  by 
meningitis,  and  then  all  the  ventricles  become  distended  (as  Hilton  first 
pointed  out  in  his  classical  lectures  on  "Rest  and  Pain.")  Or  the  passage  from 
the  third  to  the  fourth  ventricles  may  be  closed,  as  a  result  of  inflammation 
or  of  adjacent  pressure,  and  then  only  the  ventricles  above  are  distended. 
Or  the  foramen  of  Monro  may  become  closed,  and  the  effusion  be  confined 
to  the  lateral  ventricles.  These  accidents  may  occur  at  any  age.  Chronic 
internal  hydrocephalus  is  sometimes  the  sequel  to  an  acute  attack  of  menin- 
gitis, but  progressive  effusion  is  probably  in  most  cases  the  result  of  one  of 
the  two  mechanical  processes  just  mentioned,  chiefly  of  the  closure  of  the 
openings  into  the  fourth  ventricle  by  the  inflammation. 

Primary  Hydrocephalus. — Internal  effusion  sometimes  occurs  without  any 
of  the  above  causes  being  traceable.  In  children  with  yielding  skulls,  it  is 
supposed  the  mechanical  congestion  of  frequent  cough,  or  the  tendency  to 
transudation  present  in  anaemia,  may  lead  to  some  effusion,  but  it  is  not 
probable  that  the  amount  from  these  causes  is  ever  considerable.  At  any 
age  the  condition  has  been  known  to  develop  and  attain  a  considerable 
degree,  without,  it  is  said,  any  other  pathological  condition  being  discover- 
able than  the  slight  traces  of  ventricular  inflammation  that  are  met  with  in 
the  congenital  cases.  Dean  Swift  died  from  this  disease  at  seventy-eight, 
after  it  had  existed  for  three  years.  These  cases  are  extremely  rare,  and 
their  pathology  needs  re-investigation. 

The  symptoms  in  the  acquired  form  are,  on  the  whole,  similar  to  those  in 
the  congenital  variety,  due  allowance  being  made  for  differences  of  age. 
There  are  mental  weakness,  somnolence,  coma,  muscular  weakness,  convul- 
sion, contractures,  and  loss  of  sight  from  pressure  of  the  distended  third 
ventricle  on  the  optic  chiasma.  Temporal  hemianopia  may  therefore  pre- 
cede the  complete  blindness.  In  young  children  with  incomplete  closure 
of  the  sutures,  the  head  readily  enlarges,  although  rarely  to  the  same  extent 
as  in  the  congenital  form.  In  the  adult,  enlargement  of  the  head  is  less 
uncommon,  although  it  has  been  known  to  occur,  and  the  sutures  may,  as  I 
have  seen,  become  separated.  This  does  not  involve  such  great  mechanical 
force  as  might  be  supposed,  because  the  separation  of  the  sutures  is  probably 
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always  preceded  by  another  change,  the  gradual  thinning  of  the  cranial 
bones  described  in  the  section  on  tumors  of  the  brain  (p.  883).  When  the 
bones  are  reduced  to  the  thickness  of  parchment,  it  is  evident  that  a  com- 
paratively slight  force  may  separate  the  sutures.  Still,  the  fact  that  life  may 
continue  during  this  process  is  a  remarkable  example  of  the  tolerance  by 
■  the  brain  of  slowly  induced  pressure.  It  might  be  supposed  that  the  intra- 
ocular circulation  would  show  the  effects  of  the  increased  pressure  within 
the  skull,  but  this  is  seldom  the  case,  on  account  of  the  anastomoses  of  the 
ophthalmic  vein.  Even  during  the  process  of  separation  of  the  sutures,  I 
have  been  unable  to  observe  any  marked  increase  in  the  size  of  the  retinal 
veins.  The  course  of  the  acquired  form  varies  much.  Death  usually  occurs 
at  the  end  of  a  few  months  or  years.  The  progress  sometimes  ceases,  and 
if  the  affection  is  moderate  in  degree,  recovery  may  occur.  It  is  only  in 
children,  in  whom  the  ready  enlargement  of  the  head  enables  a  certain 
diagnosis  to  be  made  when  the  disease  is  still  in  an  early  stage,  that  recovery 
can  be  proved.  The  sac  has  been  known,  in  very  rare  instances,  to  rupture 
into  the  subdural  space. 

Diagnosis. — As  just  intimated,  hydrocephalus  can  only  be  diagnosed 
with  certainty  when  there  is  distinct  progressive  enlargement  of  the  head. 
When  the  bones  are  united,  internal  effusion  may  be  suspected  if  its  indica- 
tions slowly  follow  an  attack  of  meningitic  character,  or  accompany  the  symp- 
toms of  a  tumor  of  the  cerebellum.  But  primary  hydrocephalus  causes  only 
symptoms  that  are  not  distinctive,  and  are  much  more  frequently  produced 
by  other  morbid  processes.  Hence,  as  a  matter  of  fact,  the  existence  of  the 
disease,  when  it  leads  to  no  enlargement  of  the  head,  and  when  the  causal 
indications  just  mentioned  are  absent,  cannot  be  recognized. 

In  slight  degree  the  enlargement  of  the  head  may  be  confounded  with 
that  produced  by  two  other  causes,  rickets  and  thickening  of  the  bone.  In 
the  former,  the  head  has  a  somewhat  square  form,  and  not  the  globular 
shape  characteristic  of  hydrocephalus.  Although  the  fontanelle  may  be 
large,  it  is  not  bulged.  The  other  signs  of  rickets  are  present  in  high 
degree.  Thickening  of  the  cranial  bones  may  simulate  hydrocephalus  at 
almost  any  age.  I  have  seen  it  in  a  boy  of  ten,  the  subject  of  inherited 
syphilis,  and  in  a  man  of  fifty.  In  the  latter,  a  slow  progressive  enlargement 
of  the  head  during  several  years  led  to  a  diagnosis  of  hydrocephalus,  but  at 
the  post-mortem  examination  the  cranial  bones  were  found  to  be  three- 
quarters  of  an  inch  in  thickness,  and  the  cavity  was  of  normal  size.  It  is 
doubtful  whether  the  nature  of  these  rare  cases  can  be  ascertained  during 
life.  A  distinction  of  internal  from  external  hydrocephalus  can  only  be 
made  by  paracentesis,  and  not  always  with  certainty,  even  by  this  means, 
since  a  thin-walled  sac  may  be  readily  opened  by  a  comparatively  superficial 
puncture. 

The  Prognosis  of  hydrocephalus  of  any  form  is  usually  grave  and  always 
uncertain,  unless  the  occurrence  of  arrest  can  be  distinctly  recognized. 

Treatment. — Whatever  lessens  the  volume  of  the  blood,  diminishes  for 
a  time  the  amount  of  the  effusion.     Thus  an  attack  of  diarrhcea  lessens  the 
60 
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prominence  of  the  fontanelle.  But  purgatives  are  inadmissible  :  to  be  effec- 
tive they  must  be  more  vigorous  than  a  hydrocephalic  child  can  bear. 
Diuresis  constitutes  a  safer,  but  unfortunately  less  effective,  mode  of  attain- 
ing the  same  end.  In  no  case  in  which  these  measures  have  been  used  has 
a  permanent  effect  been  produced.  Agents  that  are  supposed  to  promote 
absorption,  as  iodide  of  potassium  and  mercury,  have  been  extensively  tried, 
but  are,  as  a  rule,  powerless,  and  are  sometimes  harmful.  The  most  direct 
treatment,  which  is  unfortunately  the  most  dangerous,  is  evacuation  by  punc- 
ture, a  small  quantity  being  let  out  each  time,  and  compression  of  the  skull 
by  elastic  bandages  kept  up  during  and  after  the  operation.  This  procedure 
is,  of  course,  most  suitable  to  external  effusion,  but  it  has  been  employed  in 
ventricular  effusion,  occasionally  without  ill  effects,  but  with  absolute  success 
only  in  rare  instances.  The  best  place  for  puncture  is  at  the  outer  angle  of 
the  anterior  fontanelle.  Not  more  than  an  ounce  should  be  removed  at  a 
time,  or  collapse  and  convulsions  are  produced.  The  first  puncture  has 
generally  been  well  borne,  but  in  many  cases  the  second  or  third  has  been 
fatal ;  in  some  instances  apparently  because  too  little  time  has  been  allowed 
to  elapse  between  the  operations.  Good  has  been  observed  to  follow  simple 
compression,  a  mode  of  treatment  first  advocated  and  energetically  em- 
ployed fifty  years  ago  by  Barnard,  of  Bath.  Trousseau  employed  strips  of 
diachylon  plaster,  a  third  of  an  inch  broad,  in  the  following  manner  :*  (i) 
From  each  mastoid  process  to  the  outer  part  of  the  orbit  on  the  opposite 
side ;  (2)  From  the  hair  at  the  back  of  the  neck,  along  the  sagittal  suture,  to 
the  root  of  the  nose ;  (3)  Over  the  whole  head  in  such  a  manner  that  the 
different  strips  shall  cross  each  other  at  the  vertex ;  (4)  A  long  strip  around 
the  head  three  times,  taken  first  above  the  ears  and  eyebrows  and  a  little 
below  the  occipital  protuberance,  so  that  the  ends  of  all  the  other  strips 
shall  project  below  the  circular  strip  ;  these  ends  are  next  to  be  doubled  up 
on  the  circular  strip,  and  its  remaining  two  turns  passed  over  them  in  the 
same  direction  as  the  first  turn.  It  is  necessary  to  watch  the  effect,  and 
loosen  the  strips  if  there  are  any  symptoms  of  compression.  Dr.  West 
advises  a  broad  elastic  band  as  safer  and  more  manageable  than  the  plasters. 
His  experience  of  pressure  in  severe  cases  has  not  been  encouraging,  since  it 
has  not  hindered  the  accumulation  of  fluid,  and  has  increased  the  symptoms 
of  compression  of  the  brain. 


*  Journal  de  Midedne,  April,  1843,  quoted  by  West,  "Dis.  of  Infancy  and  Childhood," 
Seventh  Edition,  1884,  p.  136. 


PART  V. 

GENERAL  AND  FUNCTIONAL  DISEASES  OF  THE 
NERVOUS  SYSTEM. 


The  diseases  that  remain  for  consideration  are  those  in  which  there  are  no 
constant  changes  to  be  seen  with  the  naked  eye.  It  was  formerly  the  cus- 
tom to  include  them  all  under  the  term  "  functional  diseases,"  but  micro- 
scopical changes  have  been  discovered  in  some  of  them  with  sufficient  fre- 
quency to  make  it  certain  that  there  is  far  more  than  a  mere  disturbance- of 
function,  and  it  cannot  be  doubted  that  most  of  these  maladies  depend  upon 
alterations  in  the  nutrition  of  the  nerve  elements,  although  these  may  not 
yet  have  been  found,  and  perhaps  cannot  be  detected  without  more  means 
of  investigation  than  we  at  present  possess.  The  diseases  themselves  are  so 
different  in  character  and  so  various  in  seat,  that  their  classification  into 
groups  is  alike  difficult  and  useless.  Anything  ljke  a  scientific  classification, 
based  upon  our  present  knowledge,  would  result  in  little  more  than  enumer- 
ation, and  is  therefore  not  attempted.  The  order  in  which  they  are 
described  is  based  only  on  convenience. 


CHOREA. 

Chorea  is  a  disease  that  occurs  chiefly  in  young  persons,  is  usually  of 
limited  duration,  and  is  characterized  by  irregular  spasmodic  movements, 
by  incoordination  of  voluntary  movement,  and  often  by  muscular  and  men- 
tal weakness.     The  proportion  of  these  elements  varies  in  different  cases. 

The  term.  "Chorea  Sancti  Viti  "  (%opsta  =  dancing),  or  St.  Virus's  dance, 
was  first  applied  at  Strasburg  to  the  epidemic  dancing  mania  prevalent  in 
the  fourteenth  and  fifteenth  centuries,  when  the  sufferers  were  taken,  by 
order  of  the  Strasburg  magistrate,  to  the  chapel  of  St.  Vitus,  to  be  cured  by 
the  influence  of  the  saint.  The  term  became  restricted,  chiefly  through  the 
influence  of  Sydenham,  to  the  disease  now  known  by  the  name,  but  it  is  even 
now  used  more  widely  in  Germany,  and  the  affection  here  described  is  dis- 
tinguished, as  chorea  minor,  from  chorea  major,  a  form  of  hysterical  disorder 
distinct  from  ordinary  chorea,  and  more  closely  allied  to  the  epidemic  malady 
of  the  Middle  Ages. 

Etiology. — The  relation  of  chorea  to  race  is  a  subject  that  has  been  but 
little  studied.     According  to  Weir  Mitchell,  in  the  United  States  the  disease 
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is  less  frequent  among  the  negro  than  among  the  white  population,  and  in 
some  places  in  which  there  is  a  mixed  population  (<f.  g.  in  the  island  of  Cuba), 
where  chorea  is  not  uncommon  among  the  white  children,  it  is  unknown 
among  the  colored  children.  Urban  residence  is  said  by  the  same  writer  to 
favor  the  occurrence  of  the  disease,  and  it  is  probable  that  the  influence 
could  be  traced  also  in  this  country. 

Hereditary  influences  can  be  found  in  many  cases  of  chorea,  and  the  double 
relation  of  the  disease  can  often  be  traced  in  these  influences;  its  relation 
to  acute  rheumatism  on  the  one  hand,  and  to  other  nervous  diseases  on  the 
other.  Rheumatism  is,  however,  so  common  a  disease  that  it  is  only  when 
the  family  tendency  to  it  is  strong  or  close  that  weight  can  be  placed  on  its 
occurrence.*  Some  neuropathic  heredity  is  to  be  traced  in  one-sixth  of  the 
cases;  epilepsy,  insanity,  or  chorea  itself.  Although  the  total  proportion  is 
not  great,  the  family  tendency  in  some  cases  is  very  marked.  For  example, 
three  sisters  suffered  from  true  chorea ;  a  sister  also  suffered  from  chorea, 
and  the  mother  from  epilepsy;  the  mother  of  one  patient  was  insane,  and 
her  sister's  child  also  had  chorea ;  the  father  of  another  had  suffered  from 
chorea  in  early  life  and  so  had  two  children  of  his  brother ;  five  relations  of 
another  had  been  insane.  Many  other  similar  facts  have  been  met  with  in 
the  investigation  of  the  clinical  history  of  epilepsy.  For  instance,  a  man 
was  epileptic,  his  sister  insane,  and  two  of  her  children  had  chorea.  Two 
sisters  of  an  epileptic  girl  had  had  chorea.  Two  children  suffered  from 
chorea ;  their  mother's  sister  being  epileptic  and  insane.  In  other 
cases,  again,  there  is  a  family  history  of  both  rheumatism  and  nervous 
diseases.f 

Age. — Chorea  is  essentially  a  disease  of  the  later  period  of  childhood. 
Nine-tenths  of  the  cases  occur  between  5  and  20,  and  four-fifths  between 
5  and  15.  A  larger  number  of  first  attacks  (nearly  half  the  whole)  occur 
between  5  and  10  than  between  10  and  15,  but  according  to  my  own  obser- 
vations, if  relapses  are  included,  more  cases  occur  between  10  and  15,  and 
the  thirteenth  year  of  life   is  that  which  presents  the  largest  number  of 


*  In  the  British  Medical  Association's  Collection  (see  note  on  next  page)  there  was  a 
family  history  of  rheumatism  in  45  per  cent,  of  the  439  cases. 

f  Many  illustrations  of  these  family  tendencies  are  mentioned  by  Money  in  his  analysis  of 
236  cases  of  chorea  contained  in  the  case  books  of  University  College  Hospital  and  of  the 
Hospital  for  Sick  Children  [Brain,  1882,  vol.  v,  p.  513).  In  two  cases  the  patient's  father 
had  suffered  from  rheumatic  fever  and  chorea;  in  another  both  the  father  and  the  mother  had 
had  rheumatic  fever,  and  a  brother  chorea ;  in  another  the  mother  had  had  rheumatic  fever, 
and  mother,  father  and  brother  had  had  chorea. 

A  remarkable  form  of  hereditary  chorea  (affecting  many  generations)  has  been  described 
by  Huntingdon  as  existing  in  Long  Island,  New  York  (a  favorite  haunt  of  tetanus),  but  it  is 
evidently  a  different  disease  from  ordinary  chorea,  since  it  begins  between  thirty  and  forty,  is 
accompanied  by  great  mental  failure,  and  is  invariably  fatal.  A  family  in  which  six  cases  of 
a  somewhat  similar  affection  can  be  traced  has  been  recorded  by  Mr.  West,  of  Stoke-on- 
Trent.  All  the  sufferers  became  affected  in  adult  life,  and  the  chorea  was  accompanied 
by  some  mental  change  {Brit.  Med.  Journal,  Feb.  26th,  1887,  p.  435). 
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attacks.*  Under  5  the  disease  is  extremely  rare;  a  few  cases  have  been 
recorded  at  4,  and  I  have  seen  one  case  at  the  age  of  3^2. f  Not  more  than 
5  per  cent,  of  the  total  number  of  attacks  occur  over  20.  The  disease  is, 
however,  occasionally  met  with  in  later  life,  even  up.  to  extreme  old  age. 
Between  30  and  40  the  disease  is  scarcely  ever  met  with.  Many  cases  of 
senile  chorea  probably  depend  on  a  morbid  process,  different  in  nature  from 
that  which  causes  the  juvenile  form  of  the  disease,  although  similar  in  effect. 

Sex. — Chorea  affects  girls  nearly,  but  not  quite  three  times  as  frequently 
as  boys.  A  combination  of  recorded  statistics  yields  365  boys  to  1000  girls.  \ 
The  preponderance  of  girls  is  least  in  childhood  and  increases  after  puberty. 
The  disease  is  rare  in  lads  over  16.  Between  20  and  30  it  is  practically  con- 
fined to  females.  During  the  second  half  of  life,  however,  the  rare  cases  of 
chorea  occur  in  both  sexes. 

Climate  has  little  influence.  Chorea  occurs  in  warm  as  well  as  in  tem- 
perate countries.  The  question  of  its  relation  to  season  has  recently  attracted 
attention,  especially  in  America.  At  Philadelphia,  Morris  Lewis  found  an 
apparently  distinct  relation  to  time  of  year,  most  cases  occurring  in  the 
spring  months  ;§  in  Boston,  however,  Putnam  failed  to  trace  this  influence, 
and  in  this  country  the  influence  of  season  does  not  seem  to  be  great,  the 
numbers  (of  100  attacks)  commencing  in  each  quarter  being  1st  thirty-three, 
2d  twenty-five,  3d  twenty,  4th  twenty-seven.  The  minimum  was  in  July  and 
August.  A  more  distinct  relation  to  season  is,  however,  occasionally  to  be 
traced  in  the  recurrences  of  the  disease  (see  p.  970).  Dr.  Morris  Lewis||  has 
lately  instituted  an  elaborate  inquiry  with  the  object  of  ascertaining  whether 
there  is  any  relation  between  temperature,  humidity,  or  barometric  varia- 
tions and  the  occurrence  of  chorea  (compared  over  a  period  of  ten  years), 
but  he  could  find  none.  He  found,  however,  that  there  is  a  slight  corre- 
spondence with  the  average  number  of  cloudy  days  per  month  and  also  with 
the  actual  number  of  rainy  days,  and  a  still  closer  connection  with  the  num- 

*  The  439  cases  tabulated  by  Dr.  S.  Mackenzie  for  the  Brit.  Med.  Assoc.  Collective  Inves- 
tigation Committee  [Brit.  Med.  Journal,  February  26th,  1887)  give  34  per  cent,  (one-third) 
between  5  and  10,  43  per  cent,  between  10  and  15,  and  16  per  cent,  between  15  and  20;  but 
unfortunately  it  is  not  stated  how  many  were  first  attacks.  In  this  list  are  cases  at  40,  63,  68, 
73,  78  and  86.  I  may  add  that  the  statistical  conclusions  of  the  "  Report "  agree  very  closely 
with  those  given  in  this  chapter,  most  of  which  was  written  some  years  ago. 

f  The  patient  was  a  girl  in  the  Children's  Hospital  under  the  care  of  Dr.  Sturges.  The 
chorea,  although  slight,  was  quite  characteristic,  and  the  heart  presented  a  mitral  regurgitant 
murmur  and  recent  pericardial  friction. 

%  The  statements  in  the  text  are  based  on  the  cases  collected  by  Hughes,  See,  Pye-Smith, 
Rufz,  Steiner,  Wilkinson,  Sturges,  and  on  100  original  cases.  Correct  facts  regarding  the 
influence  of  age  can  only  be  ascertained  by  combining  statistics,  since  they  are  not  fairly  rep- 
resented either  by  the  figures  obtained  from  children's  hospitals,  or  by  those  from  general  hos- 
pitals in  towns  in  which  children's  hospitals  exist. 

\  The  percentage  varied  from  4.1  per  cent,  in  October,  and  4.3  per  cent,  in  November,  to 
8.2  per  cent,  in  January,  15.3  in  March,  8.6  in  April,  10.7  in  May,  and  10.5  in  July,  and  then 
fell  gradually  to  its  lowest  point  in  October. 

||   The  Polyclinic,  January,  1887,  p.  205. 
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ber  of  storm  centres  passing  over  Philadelphia ;  and  that  the  correspondence 
became  closer  the  wider  the  range  of  country  included  in  the  meteorological 
observations,  till  an  area  of  a  radius  of  400  miles  was  reached,  and  then  the 
correspondence  between  the  storm  curve  and  the  chorea  curve  became  still 
more  close.  This  curious  fact  has  not  yet  been  confirmed  by  observations 
elsewhere.* 

The  only  immediate  cause  of  chorea  that  can  be  traced  with  any  fre- 
quency is  emotion,  usually  fright,  rarely  mental  distress.  The  proportion  of 
cases  in  which  mental  emotion  can  be  traced  has  varied  in  different  collec- 
tions, between  a  fifth  and  a  fourth.  I  have  found  the  frequency  to  be  nearly 
the  same  in  each  sex,  but  it  is  relatively  more  common  in  boys  under  twelve, 
and  is  rare  in  boys  over  fourteen,  whereas  it  is  a  not  uncommon  excitant  of 
chorea  in  girls  up  to  twenty.  The  interval  between  the  fright  and  the  first 
symptoms  of  the  chorea  rarely  exceeds  a  week  ;f  it  is  about  as  frequent  for  it 
to  be  one  week  or  to  be  less  than  a  week  (three  or  five  days).  Very  rarely 
the  interval  is  only  one  day,  and  still  more  rarely  there  is  no  interval— the 
chorea  immediately  succeeds  the  fright.  This  was  the  case  in  a  lad  in  whom 
the  movements  commenced  immediately  after  a  pistol  had  been  unexpect- 
edly discharged  close  to  his  ear.  Another  boy  was  discovered  in  an  apple 
tree,  and  fell  in  his  hasty  descent ;  he  immediately  began  to  shake ;  the 
tremor  of  alarm  assumed  a  choreic  character,  and  persisted  as  chorea. 

Occasionally  the  fright  which  was  the  cause  of  the  chorea  in  girls 
occurred  at  the  menstrual  period,  but  such  instances  are  too  rare  for  any 
special  significance  to  be  attached  to  the  coincidence.  Nor  is  any  disorder 
of  menstruation  to  be  recognized  with  sufficient  frequency  to  justify  the 
assumption  of  a  causal  influence.  Imitation  is  commonly  given  as  a  cause 
of  chorea,  and  the  hysterical  variety  often  arises  thus,  but  I  have  not  known 
ordinary  chorea  to  be  distinctly  so  produced.  It  should  be  noted,  however, 
that  the  connection  between  some  cases  of  apparently  hysterical  chorea  and 
the  common  form  is  exceedingly  close. 

Chorea  sometimes  results  from  traumatic  influences,  but  it  is  probable  that 
their  efficiency  depends  on  coincident  emotion.  Thus  chorea  has  resulted 
from  a  fall  or  a  blow  on  the  head  and  from  the  extraction  of  a  tooth,  but  it 
has  also  followed  an  attempt  at  tooth  extraction  which  was  unsuccessful. 
.  Inte.tinal  worms  are  occasionally  present  in  choreic  patients,  and  have 
been  supposed  to  cause  the  disease.  In  extremely  rare  cases  chorea  has  been 
ascribed  to  the  irritation  of  a  peripheral  spinal  nerve.  The  influence  of  these 
reflex  causes  is.  doubtful. 

Chorea  is  so  rarely  met  with  in  association  with  acute  specific  diseases, 
that  any  such  association  is  probably  accidental ;  or,  at  most,  the  general 


*  Comparing  the  average  number  of  attacks  per  month  of  chorea  and  rheumatism,  the 
curious  fact  was  ascertained  that  the  variations  in  the  occurrence  of  rheumatism  corresponded 
with  those  of  chorea,  but  were  uniformly  a  month  later. 

•j-  In  the  cases  in  which  many  weeks  elapse  between  the  fright  and  the  first  symptoms,  a 
causal  relation  is  extremely  doubtful. 
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disease  only  serves  to  excite  the  chorea  in  an  indirect  way.  A  girl,  sixteen 
years  old,  had  a  well-marked  attack  of  chorea  during  the  course  of  typhoid, 
but  she  had  suffered  from  acute  articular  rheumatism  a  year  before.* 

Three  important  etiological  influences  remain  for  discussion,  two  of  which 
have  given  rise  to  much  controversy — acute  rheumatism,  organic  heart  dis- 
ease, and  pregnancy. 

Acute  Rheumatism. — The  fact  that  a  considerable  number  of  patients 
with  chorea  have  had  acute  rheumatism  has  been  recognized  by  all  observers 
since  it  was  first  pointed  out  by  Hughes,  although  the  extent  and  significance 
of  the  association  have  been  variously  estimated.  The  largest  recorded  pro- 
portion of  cases  with  preceding  rheumatism  is  one-fourth. f  In  my  own  cases 
the  proportion  was  about  one-fourth  (24  of  100  cases).  The  proportion 
varies,  however,  at  different  ages.  Among  my  cases,  in  only  one  under  nine 
was  there  a  history  of  rheumatism,  while  of  fifty-three  cases  which  occurred 
between  ten  and  fifteen  years,  sixteen,  considerably  more  than  one-fourth, 
had  suffered  from  rheumatic  fever.  This  fact  shows  clearly  that  the  influence 
of  rheumatism  will  be  under-represented  in  statistics  collected  at  hospitals 
for  children.  The  proportion,  in  later  childhood  at  least,  is  too  large  to  be 
ascribed  to  accidental  coincidence,  and  the  close  relationship  between  the 
two  diseases  is  shown,  in  an  emphatic  manner,  by  the  facts  that  not  very 
rarely  chorea  immediately  follows  acute  rheumatism,  that  the  latter  occa- 
sionally comes  on  in  the  course  of  chorea,  and  also  by  the  mysterious  but 
unquestionable  relation  next  to  be  mentioned  between  chorea  and  disease  of 
the  cardiac  valves. 

Heart  disease  may  be  developed  during  the  course  of  chorea,  or  may  pre- 
cede it.  The  latter  only  concerns  us  now.  Published  statistics  afford  no 
information  on  this  point,  for  no  attempt  has  been  made  to  discriminate 
between  the  two  forms.  J  When  the  cardiac  disease  is  considerable  in 
amount,  and  the  chorea  of  short  duration,  and  especially  if  the  walls  of  the 
heart  present  evidence  of  consecutive  changes,  we  are  justified  in  assuming 
that  the  heart  disease  preceded  the  chorea,  and  this  assumption  is  rendered 
the  more  probable  if  there  has  been  a  preceding  attack  of  rheumatic  fever. 
Of  forty  cases  in  which  I  found  evidence  of  organic  heart  disease  there  was 
strong  reason  to  believe  that  this  preceded  the  chorea  in  eighteen.  From 
the  nature  of  the  investigation  this  proportion  is  probably  below  the  actual 
facts  (because  only  conclusive  evidence  was  admitted),  and  it  is  therefore 
within  the  truth  to  say  that  in  one-half  of  the  cases  in  which  organic  disease 
of  the  heart  exists,  this  preceded  the  chorea. 

*  Peiper;  Deut.  med.  Wochenschrift,  188s,  No.  8. 

f  Hughes,  See,  and  the  "B.  M.  A.  Coll.  Investigation"  (loc.  cit.,  p.  428).  In  the  latter 
the  percentage  was  26,  and  about  the  same  in  each  sex  ;  but  when  to  these  cases  are  added 
those  in  which  acute  rheumatism  occurred  during  or  after  the  chorea,  the  percentage  rises 
to  32,  or  one-third,  and  another  14  per  cent,  had  suffered  from  vague  rheumatic  pains. 

%  To  this  statement,  however,  the  "  B.  M.  A.  Collect.  Inv.  Report "  constitutes  an  excep- 
tion. 
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Regarding  the  combinations  of  the  three  conditions,  rheumatism,  organic 
heart  disease,  and  fright,  I  have  found  that  cardiac  disease  was  present 
(either  before  or  during  the  chorea)  in  three-quarters  of  the  cases  in  which 
there  was  a  history  of  rheumatic  fever,  while  in  those  without  such  history 
there  was  heart  disease  in  only  a  third.  Fright  was  the  apparent  cause  of 
the  chorea  in  a  rather  larger  proportion  of  the  patients  who  had  had  rheu- 
matic fever,  or  preceding  heart  disease,  than  of  those  who  had  not. 

Pregnancy.—  Chorea  may  occur  as  a  complication  and  consequence  of 
pregnancy.  Some  of  the  patients  who  thus  suffer  have  had  chorea  or  rheu- 
matic fever  in  earlier  life,  or  an  attack  of  rheumatic  fever  immediately  precedes 
the  chorea.  The  occasional  relation  to  rheumatic  fever  is  well  shown  by 
the  case  of  one  patient  who  had  no  chorea  during  the  first  pregnancy,  but 
in  the  interval  between  the  first  and  the  second  she  had  an  attack  of  rheu- 
matic fever,  and  during  the  second  she  suffered  from  chorea  (Mosler).  But 
in  the  majority  there  is  no  predisposing  influence,  except  the  pregnancy,  to 
which  the  disease  can  be  ascribed.  Fright,  or  some  other  distressing  emo- 
tion, is  the  apparent  exciting  cause  of  the  disease  in  about  the  same  propor- 
tion in  gestational  chorea  as  in  the  chorea  of  earlier  life.  If  the  disease  has 
occurred  during  one  pregnancy  it  may  or  may  not  occur  during  one  or  more 
succeeding  pregnancies.  It  scarcely  ever  occurs  for  the  first  time  over 
twenty-five  years  of  age.  The  number  of  (28)  cases  occurring  at  different 
ages  is  as  follows:  17,  three;  18,  three;  19,  three;  20,  eight;  21,  two; 
22,  two;  23,  six;  24,  one.* 

In  the  recorded  cases  of  distinct  chorea  occurring  during  pregnancy  after 
twenty-four  years  of  age,  the  patients  have  suffered  from  chorea  during  a 
previous  pregnancy.  The  disease  is  most  common  during  the  first  preg- 
nancy, and  is  very  rare  after  the  second,  except  as  a  recurrence.  Of  thirty- 
eight  recorded  attacks,  twenty-five  were  during  the  first,  and  ten  were  dur- 
ing the  second  pregnancy,  the  first  having  been  free.  In  two  attacks  in  the 
third,  and  one  during  the  fourth  pregnancy,  the  patients  had  previously 
suffered  from  chorea  during  a  similar  condition.  In  the  only  recorded  casef 
in  which  a  patient  is  said  to  have  suffered  for  the  first  time  during  the  fourth 
pregnancy,  it  is  doubtful  whether  the  disease  was  really  chorea,  since  the 
movements  were  confined  to  the  legs. 

The  chorea  may  commence  at  any  period  of  pregnancy,  from  the  begin- 
ning until  near  the  close,  but  it  begins  more  frequently  in  the  third  than  in 
any  other  month,  and  very  rarely  in  the  ninth  month.  Of  thirty-six  attacks^ 
the  numbers  commencing  in  each  month  were :   1st,  four ;  2d,  three ;  3d, 


*  The  figures  are  based  on  an  analysis  of  recorded  and  original  cases;  most  of  the  former 
have  been  collected  by  Barnes  {Obstetrical  Trans.,  1869),  but  some  of  his  cases  have  not 
been  included,  either  because  insufficiently  reported,  or  because  their  nature  is  open  to  ques- 
tion. |  Levick,  Amer.  Journal  of Med.  Sciences,  1862. 

%  In  the  statement  in  the  text  those  cases  which  have  been  recorded  as  commencing  when 
the  pregnancy  had  existed  for  a  certain  number  of  months  are  considered  as  commencing  in 
the  subsequent  "month"  of  gestation. 


SYMPTOMS.  961 

nine;  4th,  five;  5th,  four;  6th,  four;  7th,  three;  8th,  three;  9th,  one. 
Thus  two-thirds  of  the  attacks  commence  before  the  end  of  the  fifth  month, 
and  one-quarter  of  the  total  number  commence  in  the  third  month.  If 
chorea  recurs  during  several  pregnancies,  there  is  no  uniformity  in  the  date 
of  its  commencement ;  for  instance,  in  one  remarkable  example  of  recur- 
rence, the  patient  (who  had  had  rheumatic  fever,  followed  by  chorea,  at  six- 
teen) became  choreic  in  the  fourth  month  of  her  first  pregnancy  (at  twenty- 
two),  in  the  third  month  of  the  second,  at  the  commencement  of  the  third, 
and  in  the  fourth  month  of  the  fourth  pregnancy  (Lawson  Tait).  The  cases 
apparently  excited  by  fright  show  no  difference  in  the  date  of  their  com- 
mencement, but  a  rather  larger  proportion  do  not  exceed  twenty  years  of 
age  than  the  cases  in  which  no  exciting  cause  can  be  traced.  In  one 
instance,  albuminuria  existed,  left  (with  a  cardiac  murmur)  by  an  attack  of 
scarlet  fever  in  the  fourth  month  of  pregnancy;  the  chorea  corrAnenced  in 
the  eighth  month  (Woodman). 

In  extremely  rare  cases,  chorea  (of  ordinary  form)  has  been  observed  to 
commence  after  delivery  or  after  abortion,  and  the  subjects  of  this  post- 
puerperal  chorea  have,  for  the  most  part,  been  beyond  the  age  to  which  the 
chorea  of  gestation  is  chiefly  limited. 

Symptoms. — The  characteristic  symptoms  of  chorea,  the  spontaneous 
movement,  incoordination,  and  muscular  weakness,  are  all  present  in  severe 
cases,  and  are  often  associated  with  some  mental  failure.  In  slight  cases  the 
symptoms  may  be  combined  in  various  degrees. 

The  first  thing  to  attract  attention  is  sometimes  the  spontaneous  twitching, 
sometimes  the  interference  with  voluntary  action.  The  spontaneous  move- 
ments are  first  noticed  in  the  hands  or  face,  rarely  in  the  legs,  and  so  closely 
resemble  those,  involuntary  actions  which  "nervous"  children  present 
under  emotion  that  they  are  often  regarded  as  such.  The  interference  with 
movement  is  rarely  at  first  a  conspicuous  incoordination  ;  a  sudden  purposed 
movement  is  more  considerable  than  was  intended,  or. a  persistent  action  is 
suddenly  disturbed  by  an  unwilled  movement.  The  insubordination  of  the 
motor  centres  is  seen  also  in  the  occasional  unintended  relaxation  of 
muscles  or  in  a  delay  of  intended  relaxation.  Thus,  objects  which  are 
being  carried  are  suddenly  dropped,  and  in  one  lad  the  first  indication 
of  the  commencing  disease  was  that  in  throwing  a  cricket  ball  the  fingers 
relaxed  their  grasp  too  late,  and  the  ball  simply  fell  to  the  ground.  The 
spontaneous  movements  may  at  first  be  recognized  only  on  close  observa- 
tion, but  as  the  disease  advances  they  become  conspicuous  enough.  They 
are  quick  and  irregular,  sometimes  complex  in  character,  and  each  move- 
ment is  brief  in  duration.  The  mouth  is  drawn  to  one  side  with  an  asso- 
ciated movement  of  the  lips,  the  eyes  are  closed  for  a  moment.  The  fingers 
are  irregularly  extended,  the  hand  is  pronated  or  supinated,  or  the  whole 
arm  is  suddenly  extended  or  rotated,  and  these  movements  are  often  com- 
bined. In  the  legs  the  movements  are  usually  more  simple,  momentary, 
muscular  contractions  ;  they  may  cause  merely  a  slight  jerk  of  the  body,  but, 
if  considerable,  walking  and  even  standing  may  be  seriously  interfered  with. 
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The  spasmodic  movements  are  always  irregular  in  time  as  well  as  in  char- 
acter and  degree.  At  first  they  are  occasional  only,  but  their  frequency 
increases  with  their  severity,  until  at  last  they  may  be  so  continuous  and 
violent  that  the  limbs  are  in  constant  movement.  The  spasm  in  the  mus- 
cles of  the  neck  may  cause  frequent  movement  of  the  head  to  one  side,  and 
the  eyes  may  move  with  the  head.  In  many  cases  the  spasm  of  the  eyeball 
muscles  is  not  quite  equal  and  momentary  diplopia  results.  The  muscles  of 
the  trunk  may  also  be  involved.  When  their  affection  is  slight,  the  patient 
from  time  to  time  sways  from  side  to  side  while  sitting  or  standing ;  when 
considerable,  standing  or  sitting  is  impossible,  and  the  patient  may  even  be 
thrown  out  of  bed  by  some  violent  contortion.  The  limbs  may  be  thrown 
about  with  such  force  that  serious  bruises  result  from  their  contact  with  adja- 
cent objects,  and  in  one  recorded  case,  the  choreic  spasm  of  the  muscles  of 
the  jaw  was  so  violent  that  several  of  the  teeth  were  broken  (Tuckwell). 
The  movements  are  always  increased  by  excitement,  and  by  attempts  at  vol- 
untary movement,  and  are  lessened  by  repose,  physical  and  mental.  They 
almost  invariably  cease  during  sleep,  natural  or  induced,  but  their  severity 
may  prevent  sleep  for  days  together. 

Voluntary  movements  are  executed  rapidly  and  in  a  spasmodic  manner. 
This  character  seems  to  be  in  part  impressed  upon  them  by  the  tendency  to 
spasm,  in  part  to  be  the  result  of  an  attempt  to  escape  the  disturbing  influ- 
ence by  rapidity  of  movement.  Thus  the  tongue  is  protruded  suddenly  and 
jerked  back  again,  or  the  hand  makes  a  dash  at  any  object  which  it 
attempts  to  grasp.  Usually,  and  always  in  severe  cases,  the  resulting  move- 
ment is  irregular,  partly  from  disturbing  spasm,  partly  from  an  incoordina- 
tion which  is  not  always  related  in  degree  to  the  amount  of  spontaneous 
movement.  In  some  cases  the  latter  may  be  slight  while  incoordination  is 
great,  and,  conversely,  voluntary  movement  may  be  almost  steady  although 
there  is  much  spontaneous  spasm.  Sustained  muscular  action  is  often 
impossible;  an  object  may  be  grasped  with  firmness,  but  first  one  finger  and 
then  another  relaxes  in  spite  of  the  will. 

The  muscles  of  respiration,  especially  the  diaphragm,  frequently  share  the 
irregularity  observed  in  the  action  of  the  more  strictly  voluntary  muscles ; 
the  respirations  are  unequal  in  depth— a  sigh  alternates  with  shallow  breaths. 
Irregularity  of  the  heart's  action  may  sometimes  be  observed,  but  is  almost 
always  produced  by,  and  distinctly  consequent  on,  the  irregularity  of  the 
respiratory  movements. 

Besides  the  interference  with  movement  occasioned  by  spasm  and  incoor- 
dination, there  is  usually  distinct  deficiency  of  muscular  power.  The  degree 
of  loss  of  power  may  not  be  proportioned  to  the  spasm ;  it  may  be  consid- 
erable when  the  latter  is  barely  recognizable.  This  is  frequently  noticeable 
at  the  onset,  but  sometimes  there  is  much  weakness  and  scarcely  any  spasm, 
a  form  which  I  have  proposed  to  call  "  paralytic  chorea."*    There  is  never, 


*  Brit.  Med.  Journal,  April  23d,  188 1. 
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however,  anything  like  complete  loss  of  power,  and  often  the  loss  of  use  of 
a  limb  is  out  of  proportion  to  the  actual  muscular  weakness. 

These  motor  symptoms  may  be  from  the  first  general,  and  throughout  may 
involve  both  sides  equally.  The  arms  are  almost  always  affected  earlier  and 
in  greater  degree  than  the  legs,  and  the  movements  in  the  arms  are  wider 
in  range  and  more  irregular  in  character.  The  difference  that  exists 
between  the  physiological  movements  of  the  upper  and  the  lower 
limbs  is  thus  reproduced  in  the  spasm.  In  at  least  half  the  cases,  how- 
ever, the  affection  of  the  two  sides  is  not  equal.  It  may  be  throughout 
limited  to  one  side  (hemichorea),  or  it  may  affect  one  side  first,  and  after- 
ward the  other.  In  the  latter  cases  it  may  continue  on  the  side  first  affected 
when  the  other  is  involved,  unilateral  chorea  thus  becoming  general,  or  it 
may  cease  on  the  first  when  it  passes  to  the  other.  The  cases  in  which  it  is 
limited  to  one  side  present  considerable  variety  in  the  area  affected ;  the 
movements  may  involve  the  arm  only,  the  leg  escaping  ;  they  may  affect  the 
arm  and  leg  on  the  same  side,  or  one  arm  and  both  legs,  the  other  arm 
remaining  free  and  the  leg  on  the  side  of  the  unaffected  arm  being 
usually  less  involved  than  the  other.  These  variations  in  the  distribution  of 
partial  chprea  correspond  closely  to  the  distribution  of  partial  convulsive 
seizures.  There  seems  to  be  no  difference  in  the  frequency  with  which  the 
right  or  the  left  side  is  the  seat  of  hemichorea,  or  is  affected  most  or  first  in 
general  chorea.  No  relation  can  be  traced  between  the  presence  of  heart 
disease,  or  the  influence  of  fright,  in  causing  the  disease,  and  the  side 
affected.  Of  sixty-four  cases  I  find  the  total  numbers  nearly  equal  for  each 
side: — 

Right.  Left. 

One  side  only  II  13 

One  side  first 10  10 

One  side  most 10  10 

31  33  =  64 

The  electric  irritability  of  the  muscles  and  nerves  can  only  be  thoroughly 
studied  in  cases  of  hemichorea  in  which  the  unaffected  limbs  are  available 
for  comparison.  Sometimes  no  alteration  of  irritability  can  be  discovered. 
But  in  other  cases  a  distinct  increase  of  irritability  may  be  found  in  nerve 
and  muscle  to  both  faradaism  and  voltaism  (Benedikt,  Rosenthal,  myself). 
Muscular  contraction  can  be  obtained  with  a  weaker  current  on  the  affected 
than  on  the  unaffected  side,  the  difference  amounting  to  one  or  two  centi- 
metres of  the  secondary  coil  of  a  faradaic  apparatus,  or  two  to  four  cells  of  a 
voltaic  battery.  I  have  observed  this  increase  of  irritability  to  be  absent  at 
the  commencement,  to  come  on  during  the  course  of  the  disease,  and  to 
subside  with  recovery.  A  "qualitative  "  change  in  the  mode  of  response  to 
voltaism  has  also  been  described,  instead  of  the  contraction  on  closure  of 
the  circuit,  occurring  at  the  negative  pole  with  a  weaker  current  than  at  the 
positive ;  the  latter  may  occur  as  readily  as  the  former  (/.  e.  instead  of 
1  K.C.C.,  2  A.C.C.,  we  have  K.C.C.  =  A.C.C.,  see  p.  67).  I  have  not 
myself  been  able  to  observe  this. 
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Speech  is  often  impaired  in  chorea.  The  movements  of  the  muscles  of 
articulation  are  disturbed,  just  as  those  of  other  voluntary  muscles.  Irregu- 
larity of  movement  of  the  vocal  cords  has  been  observed  with  the  laryngo- 
scope, while  the  disturbance  of  respiration  further  deranges  utterance  (v. 
Ziemssen).  Words  are  uttered  quickly,  just  as  voluntary  movements  are 
performed  quickly;  speech  is  interrupted  by  sudden,  deep  inspirations, 
which  often  cut  off  the  last  syllables  of  a  word.  Sometimes  the  words  are 
jerked  out  in  separated  parts.  Actual  stammering  is  rare,  but  I  have  met  with 
one  case  in  which  it  preceded  the  other  symptoms.  In  severe  cases  the  inter- 
ference with  articulation  may  be  very  great,  the  spasm  in  the  muscles  of  the 
mouth  and  tongue  on  any  attempt  at  articulation  may  render  it  impossible, 
for  weeks,  for  the  patient  to  utter  a  single  word.,  There  is  often  a  disincli- 
nation to  speak  (due  to  the  conscious  difficulty,  and  partly  perhaps  to  the 
mental  state  presently  to  be  described)  in  addition  to  the  actual  interference 
with  articulation. 

Sensibility  is,  as  a  rule,  unaffected.  In  extremely  rare  cases,  unilateral 
diminution  or  increase  of  sensibility,  sometimes  involving  the  special  senses, 
has  been  observed.  Such  disturbance  is  probably  allied  to  that  met  with  in 
hysteria,  and  is  certainly  no  part  of  the  ordinary  symptoms  of  chorea.  Tender 
points  along  the  spine  or  along  the  course  of  the  nerves  (especially  where 
these  emerge  from  deeper  structures)  have  rarely  been  observed  (Cartier). 

Chorea  is,  as  a  rule,  a  painless  disease.  The  muscular  spasm  may  cause 
fatigue,  but  occasions  no  sensation  of  pain.  I  have  met  with  only  two 
cases  in  which  there  was  pain  in  the  limbs  at  the  onset.  One  patient,  a  girl, 
complained  of  pain  in  the  left  hand,  which  gradually,  in  the  course  of  a 
few  hours,  passed  up  the  arm  to  the  side  of  the  head,  and  three  days  after 
was  felt  in  the  leg.  The  choreic  movements  commenced  in  each  limb  at 
the  same  time  as  the  pain.  The  disease  afterward  became  general  without 
any  pain  in  the  other  side.  There  was  no  affection  of  the  heart.  In  the 
other  case,  also  a  girl,  intermittent  neuralgic  pains  in  face,  arm  and  leg 
occurred  some  weeks  before  the  onset  of  right-sided  chorea.  The  latter  was 
accompanied  by  some  hysterical  hemianaesthesia. 

The  pupils  are  often  large,  but  it  is  doubtful  whether  this  character  is 
connected  with  the  disease.  Once,  I  observed  inequality  of  the  pupils,  the 
larger  being  on  the  side  opposite  to  the  limbs  most  affected. 

The  mental  state,  in  slight  cases  of  chorea,  may  be  normal,  but  in  severe 
cases  there  is  usually  some  irritability  and  often  distinct  mental  dullness. 
The  degree  of  change  does  not  bear  any  relation  to  the  severity  of  the  other 
symptoms.  The  mental  dullness  is  usually  conspicuous  in  the  patient's  aspect 
and  may  amount  to  practical  dementia,  so  that  stools  and  urine  may  be 
passed  into  the  bed,  not  from  paralysis  of  the  sphincters,  but  from  mental 
apathy.  In  other  cases  the  irritability  may  pass  into  excitement,  the  mind 
seems  to  share  the  disturbance  so  conspicuous  in  the  muscles,  and  there  is 
excited  delirium,  which,  in  its  restlessness  and  delusions,  may  resemble 
mania,  and  in  some  cases  must  be  regarded  as  such.  In  some  of  these  cases 
the  physical  symptoms  are  trifling  compared  with  the  mental  disturbance. 
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Symptoms  Outside  the  Nervous  System. — The  temperature  in  slight  cases  is 
normal  throughout,  but  in  severe  forms  it  may  be  raised  one  or  two  degrees. 
Even  in  these  it  rarely  reaches,  and  still  more  rarely  exceeds,  1020  F.  I 
have  once  observed  occasional  elevation  of  temperature,  from  time  to  time, 
during  a  prolonged  attack,  without  any  complications  or  endocarditis  to 
which  ft  could  be  referred.*  Hyperpyrexia  is  probably  always  a  rheumatic 
complication.  The  patients  are  often  anaemic,  and  if  not  so  at  the  onset, 
they  become  pale  and  lose  weight  rapidly  during  the  course  of  the  disease, 
especially  if  this  is  so  severe  as  to  interfere  with  sleep. 

Heart. — The  cardiac  symptoms  are  of  great  importance.  The  pulse,  as 
already  stated,  may  be  irregular  in  consequence  of  the  irregularity  of  the 
breathing.  It  is  usually  increased  in  frequency.  I  have  several  times  noted 
that  the  effect  of  posture  on  the  pulse  is  less  than  in  health  ;  -the  pulse  rate 
may  be  nearly  or  quite  the  same  in  the  upright  and  the  recumbent  postures. 
In  some  cases  the  sounds  and  impulse  of  the  heart  are  normal.  More  fre- 
quently there  is  some  abnormality  :  (1)  There  may  be  murmurs,  due  to  the 
anasmia,  in  the  pulmonary  artery  and  aorta,  often  associated  with  a  venous 
hum  in  the  jugular  vein.  Sometimes  the  systolic  murmur  at  the  base  is  con- 
tinuous with  one  heard  over  both  ventricles,  having  its  maximum  at  the 
inner  end  of  the  fourth  intercostal  space,  heard  up  to,  but  not  beyond  the 
left  apex,  and  probably  produced  in  the  ventricles,  in  consequence  of  the 
blood  state.  With  this  there  may  be  such  a  change  in  the  character  of  the 
impulse  as  indicates  slight  dilatation  of  the  heart,  consequent  on  the  anaemia. 
(2)  There  may  be  a  faint  systolic  murmur  at  the  apex  of  the  heart,  heard 
with  some  beats  and  not  with  others,  which  is  commonly  said  to  be  due  to 
irregular  contraction  of  the  papillary  muscles,  which  sometimes  fail  to  com- 
pensate for  the  shortening  of  the  ventricle,  and  thus  permit  occasional 
regurgitation — a  mechanism  that  can  neither  be  proved  nor  disproved.  (3) 
In  a  considerable  number  of  cases  there  is  distinct  evidence  of  an  organic 
valvular  lesion.  The  frequency  of  organic  disease  is  less  in  childhood  than 
in  youth, f  and  hence  has  been  variously  estimated  by  different  observers, 
according  to  the  class  of  cases  which  have  come  under  their  notice. 

In  some  cases  with  organic  disease  there  is  good  reason  to  believe  that  the 
heart  disease  preceded  the  chorea  (see  ante,  p.  959)  ;  in  other  cases  the  true 
relation  between  the  two  is  doubtful ;  in  other  cases,  again,  the  organic  mur- 
mur may  be  observed  to  develop  during  the  course  of  the  disease,  an  indica- 
tion of  endocarditis  which,  as  will  be  seen,  pathology  amply  confirms. 
Hence  it  is  of  great  importance  that  the  heart  should  be  examined  repeatedly 
during  the  course  of  the  disease,  and  also  after  its  termination.  Preceding 
valvular  disease  is  most  frequently  mitral  regurgitation  ;  occasionally,  there 


*  In  the  "  Collect.  Invest."  cases,  pyrexia  was  noted  in  only  twelve  per  cent.,  but  it  is  prob- 
able that  this  only  represents  the  frequency  of  such  considerable  and  prolonged  pyrexia  as 
would  attract  attention. 

f  This  statement  is  at  variance  with  the  opinion  of  others,  by  whom,  for  the  most  part, 
"  heart  symptoms"  of  hsemic,  dynamic.and  organic  origin  have  been  lumped  together. 
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is  mitral  constriction  alone  or  combined  with  regurgitation.  Aortic  dise 
is  much  less  common  ;  I  have  only  met  with  two  instances  of  aortic  regur 
tation  among  about  250  cases  of  chorea  that  have  come  under  my  obser 
tion.  In  one  case  there  was  aortic  obstructive  murmur,  musical  in  toi 
combined  with  mitral  regurgitation.*  In  the  cases  in  which  the  relation 
the  disease  to  thechorea  is  doubtful,  or  in  which  the  heart  is  affected'duri 
the  chorea,  the  lesion  is  almost  always  mitral  regurgitation.  The  frequen 
of  a  hemic  murmur  at  the  aortic  orifice  renders  it  almost  impossible 
recognize  the  development  of  an  organic  obstructive  murmur  during  chon 
but  its  occurrence  was  probable  in  a  case  in  which  I  found,  at  a  second  atta 
of  chorea,  unquestionable  evidence  of  aortic  obstruction  which  was  abse 
in  the  first  attack,  the  patient  having  had  in  the  interval  no  rheumatic  fevi 
Post-mortem,  endocarditis  has  been  found  at  the  aortic  as  well  as  at  t 
mitral  orifice. 

The  urine  in  chorea  contains  an  excess  of  urea  and  of  phosphates  (Walsh 
Handfield  Jones),  but  it  is  in  other  respects  normal.  Albumen  is  prese 
only  from  independent  kidney  disease. 

Complications. — Endocarditis  is  so  common  in  chorea  that  it  can  scarce 
be  regarded  as  a  complication.  It  is  usually  of  a  benign  form  and  caus 
no  subjective  symptoms,  although  it  may  lead  to  permanent  valvular  diseas 
Occasionally,  its  existence  is  emphasized  by  the  occurrence  of  embolist 
I  have  seen  hemiplegia  from  embolic  softening  of  the  brain  occur  during  tl 
course  of  chorea,  and  a  similar  consequence  of  endocarditis  distinctly  orig 
nating  during  an  attack  of  chorea  has  been  recorded  by  others.  It  is  excee 
ingly  rare  for  the  endocarditis  to  assume  the  more  malignant  type  of  tl 
"ulcerative"  form.  In  the  only  instance  of  this  dangerous  complicatic 
that  has  come  under  my  notice,  the  patient  was  also  suffering  from  Bright 
disease,  but  died  from  the  septic  embolic  processes. 

Acute  articular  rheumatism  may  not  only  immediately  precede  chorea  bi 
may  come  on  during  the  course  of  the  disease  without  any  distinct  excitir 
cause.  It  is  usually  attended  with  moderate  elevation  of  temperature, 
trifling  in  severity,  and  brief  in  duration.  Evidence  of  fresh  endocardit 
may  sometimes  be  detected  during  the  course  of  the  rheumatism.  In  son- 
patients  there  may  be  found  the  small  subcutaneous  nodules,  varying  in  sis 
from  that  of  a  pin's  head  to  that  of  a  pea,  met  with  also  in  those  who  ai 
liable  to   rheumatism. f     They   may   be   felt  not   only   beneath  the  skir 


*In  the  "Brit.  Med.  Ass.  Collect.  Inv."  there  were  116  cases  of  pure  mitral  disease  aii 
only  six  of  pure  aortic  disease.  Unfortunately,  the  facts  regarding  heart  disease  and  chon 
are  given  in  so  condensed  a  form  in  the  Report  that  it  is  difficult  to  draw  any.general  conch 
sion  from  them.  Distinct  organic  disease,  either  preceding  or  secondary,  was  found  in  thirt; 
two  per  cent,  of  the  cases.  But  the  difficulty  of  deciding  whether  there  is  or  is  not  organi 
disease  is  often  very  great,  and  the  large  number  of  observers  entails  considerable  uncertainl 
as  to  the  value  of  the  statistics  on  this  point. 

■f-They  were  first  observed  by  Meynet  {Lyons  Mldical,  1873,  No.  49).  The  most  impor 
ant  articles  on  the  subject  are  by  Barlow  and  Warner,  Trans'.  International  MsJ.  Congres 
1881,  vol.  iv,  p.  u6,  and  by  Hirschsprung,  Jdhrb.  fiir  Kinderheilk.,  March,  1881. 
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especially  of  the  arms,  but  also  on  the  tendons,  especially  of  the  flexors  of 
the  fingers,  and  the  peroneal  muscles  of  the  hands.  They  have  been 
observed  to  come  on  with  the  chorea  and  pass  away  with  it.* 

In  most  cases  of  chorea  the  ophthalmoscopic  appearances  are  those  of 
health.  In  a  few  there  is  optic  neuritis,  usually  slight  in  degree,  just  enough 
to  be  unequivocal.  It  passes  away  when  the  chorea  is  over.  In  only  one 
case  have  I  seen  considerable  neuritis,  comparable  to  that  seen  in  a  case  of 
tumor  ;  the  inflammation  passed  entirely  away  with  the  chorea.  It  is  prob- 
able that  the  neuritis  is  related  to  the  cause  of  the  chorea  rather  than  directly 
to  the  morbid  process  in  the  brain.  Many  of  the  patients  had  considerable 
hypermetropia,  and  it  is  known  that  this  condition  disposes  to  slight  neuritic 
changes  in  the  discs,  and  may  aid  other  influences  in  leading  to  the  change. 

Convulsive  attacks  of  any  form  are  more  rare  than  might  have  been 
anticipated  from  the  spasmodic  nature  of  the  affection.  In  one  case,  in 
which  the  choreic  movements  were  most  severe,  occasional  attacks  occurred, 
in  which  there  were  apparent  loss  of  consciousness  and  peculiar  convulsions, 
partly  choreic  in  form.  In  one,  for  instance,  the  head  turned  to  the  right, 
the  right  arm  and  leg  presented  violent  choreic  movements,  while  the  left 
was  stretched  out,  the  fingers  extended,  the  thumb  inverted  and  the  whole 
limb  in  a  state  of  cataleptic  rigidity,  so  that  it  remained  in  whatever  position 
it  was  placed.  The  attack  lasted  two  minutes.  In  another  attack  there  was 
some  arching  of  the  back  and  tonic  flexor  spasm  in  the  arms,  followed  by 
violent  choreic  movement  in  the  right  arm.  Such  attacks  occurred  daily  for 
three  weeks,  f  Epileptiform  convulsions  are  very  rare.  In  one  case  of 
chorea  in  a  boy  of  twelve,  greatest  on  the  right  side,  four  convulsive  attacks, 
limited  to  this  side,  occurred  during  the  fortnight  after  the  cessation  of  the 
chorea,  and  similar  attacks  afterward  persisted  as  chronic  epilepsy.  There 
was  no  cardiac  murmur.  I  have  met  with  a  few  other  cases  in  which  epilepsy 
dated  from  an  attack  of  chorea. 

Persistent  spasm  is  also  occasionally  met  with.  In  a  young  child  there 
was  continuous  spasm  in  the  arm  during  the  attack,  which  was  one  of  true 
chorea.  The  elbow-  and  wrist-joints  were  flexed,  and  the  aspect  of  the  limb 
was  similar  to  that  seen  after  infantile  hemiplegia.  The  choreic  movements 
were  present  in  the  arm,  although  in  much  less  degree  than  in  the  other 
limbs.  As  the  child  recovered,  the  persistent  spasm  lessened  and  the  move- 
ments in  the  limb  became  greater.  Similar  spasm  had  been  present  in  a 
previous  attack. 

The  cases  in  which  the  mental  disturbance  is  very  great  have  been  termed 
maniacal  chorea.  The  form  occurs  chiefly  in  females,  at  or  soon  after 
puberty,  or  during  pregnancy.  The  mental  disturbance  may  not  come  on 
until  the  disease  is  well  developed,  or  it  may  precede  the  chorea.  The  latter 
may  remain  slight,  and  may  even,  as  I  have  seen,  quickly  cease  while  the 

f  Sheele,  Deut.  med.  Wochenschrift,  iS8s,  No.  41,  who  observed  that  the  development  of 
the  nodules  was  accompanied  by  transient  contracture  of  the  flexors. 

*I  have  given  fuller  details  of  these  attacks  in  "  Epilepsy,  etc.,"  1881,  p.  181. 
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mental  disturbance  continues  in  intense  form.  There  are  often  delusions, 
and  sometimes  wild,  violent  excitement,  but  rarely  the  intense  garrulity  so 
common  in  ordinary  mania.  The  excitement  usually  subsides  in  the  course 
of  a  week  or  two,  and  leaves  dullness  and  apathy,  with  a  depressed,  listless 
look,  disinclination  to  speak,  and  sometimes  persistent  hallucinations.  Food 
has  often  to  be  administered  by  the  rectum  or  by  force,  and  stools  and  urine 
are  commonly  passed  unnoticed.  The  condition  usually  slowly  passes  away, 
but  occasionally  persists  for  weeks  or  even  for  months  after  the  chorea  has 
ceased,  and  it  may  even  be  permanent.  In  one  case,  recorded  by  Golgi, 
there  was  no  improvement,  but  slowly  increasing  mental  failure,  until  death 
ten  years  later.  A  similar  sequel  has  been  observed  to  maniacal  chorea 
occurring  during  pregnancy. 

The  cases  in  which  loss  of  use  of  a  limb  is  the  only  conspicuous  symptom, 
"paralytic  chorea"  occur  only  in  childhood  and  affect  only  the  arms,  one 
always  more  than  the  other.  Slight  twitchings  may  occur  at  the  onset  and 
cease,  the  weakness  remaining.  More  commonly  the  loss  of  power  is  the 
first  symptom,  and  it  may  persist  or  even  lessen  as  the  movements  develop. 
This  form  is  chiefly  of  importance  in  respect  to  diagnosis. 

Duration. — Few  diseases  are  so  variable  in  duration  as  chorea.  It  usually 
lasts  from  six  weeks  to  six  months.  It  rarely  falls  short  of  the  earlier  limit, 
but  I  have  known  the  disease  in  one  or  two  instances  to  last  only  three 
weeks.  On  the  other  hand,  the  limit  of  six  months  is  frequently  exceeded. 
The  average  duration  has  been  found  by  more  than  one  observer  to  be  ten 
weeks.*  This  is,  however,  true  only  of  cases  which  are  admitted  into  hos- 
pitals before  they  have  lasted  for  a  considerable  time.  At  the  National 
Hospital  for  the  Paralyzed  and  Epileptic,  to  which  choreic  patients  are  often 
brought  as  a  last  resort,  I  have  met  with  no  less  than  fifteen  cases  in  which 
the  duration  exceeded  six  months,  and  seven  in  which  it  exceeded  a  year. 
Occasionally  a  slight  degree  of  chorea  persists  for  a  much  longer  time,  and 
I  have  seen  cases  in  which  it  has  continued  for  two,  three,  four,  and  even  six 
years,  without  any  complete  intermission.  In  most  of  these  cases  of  very 
long  duration,  however,  there  are  occasional  remissions  of  the  disease,  so 
that  the  prolonged  course  is  rather  a  series  of  relapses,  with  imperfect  recov- 
ery in  the  intervals.  In  extremely  rare  instances  the  disease  never  ceases. 
A  patient  was  attacked  with  chorea  in  youth,  and  the  disease  continued  until 
death  at  the  age  of  sixty-six. \  A  girl  was  attacked  with  chorea  at  the  age  o; 
nine,  and  the  movements  continued  and  were  still  present  at  the  age  of  fifty.!] 

*  From  the  tables  given  in  the  "  Coll.  Invest.  Report,"  I  have  calculated  the  followinj 
percentages  of  the  duration  of  396  cases :  Not  exceeding  one  month,  18  per  cent. ;  between  oni 
and  three  months,  57  per  cent. ;  over  three  months,  25  per  cent. ;  only  6  per  cent,  exceedet 
three  months.  The  percentage  is  nearly  the  same  for  each  sex.  (The  calculation  is  madi 
on  the  assumption  that  the  cases  in  which  the  duration  is  (for  instance)  three  months  are  givei 
in  the  column  headed  "under  three  months,''  which  is  probable  from  the  way  the  table  runs 
although  inconsistent  with  its  wording). 

f  Meldner,  Wochenbl.  der  Gesellsch.  der  Wiener  Aerzte,  rS6g,  No.  19. 

J  Macdougal,  Lancet,  iSSj.  No.  xvii. 
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As  a  rule,  the  more  severe  an  attack  the  longer  is  its  duration,  but  the 
influences  which  determine  either  severity  or  duration  are  very  obscure. 
I  have  been  unable,  on  a  comparison  of  the  details  of  cases,  to  discover  any 
relation  between  duration  and  age,  sex,  state  of  heart,  preceding  rheumatic 
fever,  or  exciting  cause. 

Recurrence. — Chorea  is  a  disease  prone  to  recur.  In  how  many  cases  it 
again  attacks  an  individual  can  only  be  approximately  determined,  since  the 
subsequent  history  of  many  patients  is  unknown.  Of  the  series  of  original 
cases  that  I  have  analyzed,  one-third  suffered  from  more  than  one  attack. 
Fifteen  patients  had  more  than  two  attacks,  viz.,  nine,  three  attacks;  one, 
four ;  three,  five ;  one,  six ;  and  one  no  less  than  nine  separate  attacks. 
Females  are  more  liable  to  relapse  than  males,  just  as  they  are  more  prone 
to  chorea ;  the  proportion  of  the  sexes  in  second  attacks,  however,  is  nearly 
the  same  as  in  first  attacks,  but  in  the  cases  in  which  more  than  two  occur 
the  predisposing  influence  of  sex  is  very  strong,  the  proportion  of  males 
being  much  below  the  average,  while  almost  all  patients  who  have  more  than 
three  attacks  are  of  the  female  sex.  The  disease  very  seldom  recurs  between 
eighteen  and  thirty,  except  in  connection  with  pregnancy. 

Preceding  rheumatic  fever  seems  to  have  no  influence  on  recurrence.  I 
have  found  a  history  of  it  in  precisely  the  same  proportion  of  the  cases  that 
recurred  as  in  the  whole  series.  Organic  heart  disease  is  unquestionably 
more  frequently  present  "in  recurrences  than  in  first  attacks.  It  was  distinct 
in  one-half  of  the  cases  in  which  the  attack  was  the  second  or  the  third,  and 
in  all  the  cases  in  which  the  number  of  attacks  exceeded  three.  This  might, 
indeed,  be*  expected  from  the  fact  that  endocarditis  often  occurs  in  chorea 
without  other  discoverable  cause ;  the  more  attacks  of  chorea  a  patient  has 
had,  the  greater  will  be  the  probability  of  consecutive  heart  disease.  The 
same  conclusion,  that  the  organic  heart  disease  is,  for  the  most  part,  the 
result  of  the  repeated  attacks,  is  also  shown  by  the  fact,  mentioned  above, 
that  a  history  of  rheumatic  fever  is  not  more  frequent  in  recurrences,  and 
also  by  the  not  infrequent  cases  in  which,  during  a  first  attack  there  is  no 
distinct  evidence  of  valvular  disease,  but  in  which,  at  the  second  attack 
such  disease  is  unmistakable,  although  there  has  been  no  rheumatic  fever  in 
the  interval. 

The  interval  between  the  termination  of  the  first  and  commencement  of 
the  second  attack  of  chorea  varies  from  a  few  weeks  to  two  or  three  years. 
It  is  rarely  less  than  two  months  or  more  than  two  years.  The  average 
interval  is  about  one  year.  In  onlyone-third  of  my  own  cases  was  the  interval 
more  than  a  year,  and  in  only  two  did  it  exceed  a  year  and  a  half.  If,  there- 
fore, a  patient  has  remained  well  for  eighteen  months  after  the  chorea  is  over, 
it  is  improbable  that  another  attack  will  occur.  The  intervals  between  sub- 
sequent recurrences  present  similar  variations.  In  one  case,  however,  a  third 
attack  commenced  only  two  weeks  after  the  termination  of  the  second.  The 
intervals  usually  vary  much  in  the  same  patient,  and,  as  a  rule,  there  is  no 
uniformity  in  the  time  of  year  at  which  the  recurrence  occurs.  Remarkable 
exceptions,  however,  are  occasionally  met  with,  which  are  of  considerable 
61 
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interest  in  connection  with  the  relation  of  chorea  to  season.  One  girl  first 
suffered  from  chorea  at  nine  years  old.  The  attack  commenced  in  October, 
and  lasted  four  months.  Every  autumn,  for  the  next  six  years,  she  became 
choreic,  and  remained  so  until  the  middle  or  end  of  winter.  Her  eighth 
attack,  however,  began  in  May,  and  in  it  (at  the  age  of  seventeen)  she  came 
under  my  care,  and  presented  the  characteristic  signs  of  mitral  constriction, 
although  she  had  never  had  rheumatism:  the  attack  lasted  four  months. 
The  following  year  a  ninth  attack  commenced  in  June ;  it  was  the  shortest 
of  all,  lasting  only  a  month,  and  has,  I  believe,  been  followed,  by  no  recur- 
rence. Another  girl  was  attacked  with  chorea  at  seven,  after  distress  at  the 
death  of  her  mother,  and  in  each  of  the  next  five  years  chorea  came  on  in 
late  spring  or  early  summer,  and  lasted  for  three  or  four  months.  I  saw  the 
sixth  attack,  which  commenced  in  May.  There  was  a  loud  mitral  regurgi- 
tant murmur,  and  she  also  had  never  had  rheumatic  fever. 

Fright  is  to  be  traced  as  a  cause  of  recurrence  in  at  least  as  large  a  propor- 
tion as  of  first  attacks.  One  girl,  for  instance,  had  attacks  at  15,  17,  17^ 
and  18,  all  of  which  were  apparently  excited  by  fright.  The  attack  at  17^ 
commenced  the  morning  after  she  had  been  frightened  by  a  severe  thunder- 
storm ;  the  last  attack  began  a  week  after  she  had  been  much  startled  by  the 
touch  of  an  unseen  person  when  she  thought  she  was  alone.  On  the  other 
hand,  in  the  case  in  which  there  were  nine  attacks,  not  one  of  them  was 
excited  by  fright.  In  the  girl  who  had  six  attacks,  the  first  five  occurred 
without  discoverable  cause ;  the  sixth  commenced  a  few  hours  after  she  had 
been  alarmed  by  the  upsetting  of  a  lamp. 

The  course  of  the  affection  in  successive  recurrences,  and  the  side  affected 
first  or  chiefly,  present  no  uniformity.  In  exceptional  cases  the  commence- 
ment is  on  the  same  side  in  every  attack.  Thus,  in  one  patient  four  succes- 
sive attacks  began,  and  were  more  severe,  on  the  left  side.  In  the  patient 
who  had  nine  attacks,  the  first  seven,  which  occurred  in  winter,  affected  the 
right  side  chiefly,  but  in  the  eighth  and  ninth  attacks,  which  occurred  in 
summer,  the  left  side  suffered  most.  The  symptoms  of  the  recurrent  disease 
are  similar  to  those  of  first  attacks,  but  its  degree  is  often  slighter  and  its 
duration  shorter.  In  this  respect,  as  in  most  others,  chorea  shows  its  char- 
acteristic variability ;  relapses  are  occasionally  most  severe.  A  lad  had 
attacks  of  chorea  at  five  and  seven,  each  lasting  three  months,  and  at  ten, 
without  exciting  cause,  a  third  attack  came  on,  of  great  severity,  which  lasted, 
varying  in  intensity,  for  more  than  twelve  months,  in  spite  of  most  careful 
treatment.  In  this  case  there  was  no  organic  heart  disease,  but  I  have  more 
than  once  observed  distinct  signs  of  endocarditis  to  come  on  during  a  recur- 
rence, at  the  onset  of  which  the  heart  was  healthy. 

Terminations  and  Sequelm. — The  vast  majority  of  the  cases  terminate  in 
recovery.  The  movements  gradually  lessen  in  severity,  until  at  last  they 
are  to  be  observed  only  in  moments  of  emotional  excitement,  and  finally 
they  disappear.  Usually  incoordination  ceases,  and  any  weakness  passes 
away,  before  the  spasm  has  entirely  disappeared.     The  final  disappearance  is 
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often  extremely  gradual,  and  slight  occasional  movements  maybe  discerned, 
if  carefully  looked  for,  long  after  the. patient  is  practically  well. 

In  very  rare  cases  considerable  muscular  weakness,  general  or  local,  may 
succeed  chorea.  It  is  a  post-choreic  paralysis.  The  loss  of  power  is  some- 
times very  great.  There  is  no  change  in  muscular  irritability,  but  there  is, 
in  some  cases,  impairment  of  sensibility.  It  is,  perhaps,  analogous  to  the 
mental  weakness  which  sometimes  succeeds  chorea,  and,  like  it,  always 
passes  away  in  the  course  of  a  few  weeks. 

Occasionally  the  disease  leaves  behind  it,  for  a  time,  a  liability  to  sudden 
starts  of  the  limbs,  similar  to  those  which  many  persons  experience  on  going 
to  sleep.  In  one  child  they  were  troublesome  for  many  months.  A  sudden 
start  in  the  legs  would  throw  her  down,  and  once  the  start  was  such  as 
to  make  her  jump  into  an  open  cellar,  at  the  edge  of  which  she  was 
standing.  The  fact  that  epilepsy  is  a  rare  sequel  to  chorea  has  been 
already  mentioned. 

When  the  chorea  is  attended  by  considerable  mental  disturbance,  this  may 
continue,  as  dullness  or  delusions,  for  some  weeks  after  the  motor  phenom- 
ena are  at  an  end.  Rarely  the  mental  derangement  persists  as  a  chronic 
disease  for  months  or  years,  but  it  gradually  passes  away. 

We  have  seen  already  that  juvenile  chorea,  in  extremely  rare  cases,  instead 
of  ceasing,  persists,  in  more  or  less  severity,  as  a  chronic  disease,  in  spite  of 
all  treatment.  In  the  case  mentioned,  in  which  the  chorea  commenced 
immediately  after  the  discharge  of  a  pistol  near  the  ear,  the  disease  had 
lasted  for  three  years  when  the  patient  came  under  treatment,  and  it  was 
still  present  when  he  passed  from  observation  six  months  later.  Adults  are 
sometimes  seen  in  the  streets  presenting  all  the  characteristics  of  severe 
chorea,  but  following  their  avocations  in  a  way  that  shows  that  the  condition 
is  one  to  which  they  have  become  habituated.  This  persistent  form,  while 
closely  resembling  ordinary  chorea,  does  not  prevent  locomotion.  Most  of 
the  subjects  have  been  males.  It  has  been  pointed  out  that  the  proportion 
of  males  is  unusually  large  in  cases  of  prolonged  duration. 

The  chorea  of  childhood  rarely  terminates  in  death.  The  average  mor- 
tality of  a  disease  so  rarely  fatal  is  not  easy  to  ascertain,  but  it  is  certainly 
less  than  3  per  cent.,*  and  most  of  the  fatal  cases  occur  at  the  time  of 
puberty.  The  proportion  of  deaths  in  the  two  sexes  at  this  time  corres- 
ponds nearly  with  their  liability  to  chorea  (Sturges),  but  in  earlier  childhood 
the  mortality,  compared  with  the  number  of  cases,  is  relatively  lower  in  boys 
than  in  girls.  The  immediate  cause  of  death  is  sometimes  exhaustion  from 
the  severity  of  the  disease  and  the  loss  of  sleep,  sometimes  associated  rheu- 
matism or  rheumatic  hyperpyrexia,  sometimes  intercurrent  maladies,  as 
pyaemia  from  local  injuries.  Most  of  the  fatal  cases  are  first  attacks ;  death 
in  recurrent  chorea  is  very  rare.  The  chorea  of  pregnancy  is  much  more 
fatal,  the  mortality  being  20  or  25  per  cent.  ;  but  even  in  these  cases  death 


*  Nine  deaths  occurred  among  the  439  cases  of  the  B.  M.  A.  Coll.  Inv. — a  mortality  of 
2  per  cent. 
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seldom  results  directly  from  the  chorea  ;  it  has  usually  been  due  to  the  effects 
of  delivery  or  abortion  in  the  cachectic  state  of  the  system. 

Varieties. — Hysterical  Chorea. — Hysterical  patients  occasionally  suffer 
from  general  spasmodic  movements  closely  resembling  those  of  true  chorea. 
Sometimes,  indeed,  the  resemblance  is  so  close  that  it  is  impossible  to  say, 
from  the  character  of  the  symptoms,  whether  the  malady  is  or  is  not  true 
chorea.  The  mere  existence  of  symptoms  of  hysteria  has  often  been  taken 
as  proof  that  the  chorea  is  hysterical  in  nature,  but  it  is  obvious  that  a  patient 
suffering  from  hysteria  may  also  suffer  from  true  chorea,  and  it  is  certain  also 
that,  in  a  predisposed  person,  hysterical  disturbance  may  develop  during  an 
attack  of  true  chorea,  and  may  even  be  evoked  by  it.  The  only  circum- 
stance that  would  justify  the  diagnosis  of  the  hysterical  nature  of  such  an 
attack  would  be  its  origin  by  imitation,  by  witnessing  the  symptoms  of 
chorea  in  another  patient.  In  true  hysterical  chorea  the  movements  gener- 
ally possess  some  peculiarity  that  is  not  present,  or  is  present  but  rarely,  in 
true  chorea.  The  most  frequent  is  that  the  muscular  contractions  are  more 
sudden  and  shock-like,  resembling  those  of  the  so-called  electrical  chorea. 
This  is  a  rare  feature  of  true  chorea,  and  although  it  is  not  absolutely  diag- 
nostic of  the  hysterical  character  of  the  attack,  it  always  affords  a  strong 
presumption  of  this.  The  second  occasional  feature,  of  still  greater  signifi- 
cance, is  a  rhythmical  character  of  the  spasm.  The  movements  are  more  or 
less  regular,  instead  of  being  irregular.  The  rhythmical  character  is  espe- 
cially seen  in  the  movements  of  the  fingers.  The  spasm  is  usually  of  a  moderate 
degree  of  severity,  never  so  intense  as  in  the  severer  forms  of  the  genuine 
malady,  but  nevertheless  the  hysterical  form  is  often  a  very  troublesome  affec- 
tion. It  may  last  for  many  months;  its  average  duration  is  considerably 
greater  than  that  of  the  ordinary  form.  It  should  be  noted  that  the  term 
"  hysterical  chorea  "  is  sometimes  applied  to  other  forms  of  hysterical  spasm 
which  bear  little  resemblance  to  true  chorea  ;  these  are  described  in  the 
chapter  on  that  disease. 

Adult  and  Senile  Chorea. — The  rare  cases  of  chorea  that  occur  in  adult 
life  and  old  age  present  some  peculiarities.  The  cases  may  be  placed  in  two 
classes  according  to  their  course,  although  we  do  not  yet  know  whether  there 
is  any  corresponding  difference  in  the  nature  of  the  disease,  or  whether  this 
differs  essentially  from  the  similar  disease  of  childhood.  In  some  cases, 
chorea  in  the  second  half  of  life  runs  a  course  like  that  of  the  juvenile  form, 
and,  after  it  has  lasted  for  a  few  months,  passes  away.  In  other  cases,  instead 
of  subsiding,  it  persists,  and  continues,  it  may  be  for  many  years,  until  the 
death  of  the  patient.  The  cases  in  which  the  disease  persists  are  unfortu- 
nately the  more  common.  The  difference  does  not  depend  on  the  age  of 
the  sufferer;  in  one  case,  which  commenced  at  forty,  the  disease  was  perma- 
nent,* while  in  another,  in  which  the  symptoms  commenced  at  seventy-seven, 
the  patient  recovered  after  a  few  months.f   Nor  is  it  related  to  the  character 


*  McLearn,  Lancet,  /88j,  Feb.  2 1st. 

f  Russell,  Med.  Times  and  Gaz.,  1878,  i,  p.  459.     Another  case    (of  hemichorea),  in  a 
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of  the  symptoms,  although  in  the  persistent  form  the  affection  is  usually 
general,  and  in  the  cases  that  have  recovered  the  movements  have  often 
been  partial. 

The  spasm  in  the  second  half  of  life  is  generally  identical  in  character 
with  that  of  the  juvenile  form.  There  are  the  same  irregular  movements, 
and  the  same  incoordination  of  voluntary  movement.  The  spasm  is  often 
most  severe,  and  may  render  intended  actions  almost  impossible.  The  affec- 
tion of  the  face  and  tongue  may  be  so  extreme  as  to  greatly  derange  articula- 
tion, and  make  it  almost  impossible  to  understand  what  the  patient  says. 
The  spasm  is  usually  increased  by  emotion,  and  the  patient,  who  is  thrown 
into  the  most  violent  physical  agitation  by  the  visit  of  a  stranger,  may  be 
comparatively  still  when  free  from  excitement.  It  ceases,  as  a  rule,  during 
sleep,  but  has  been  known  sometimes  to  continue.  The  affection  of  the 
legs  is  slighter  than  that  of  the  arms,  but  may  be  sufficient  to  render  stand- 
ing impossible.  There  may  be  some  loss  of  muscular  power,  but  it  is 
seldom  considerable,  so  far  as  the  spasm  permits  the  strength  to  be  ascer- 
tained. 

The  malady  may  commence  at  any  period  of  adult  life,  even  up  to  eighty 
years  of  age.  Both  sexes  suffer,  males  in  a  somewhat  larger  proportion  than 
in  earlier  life.  The  subjects  of  the  disease  often  belong  to  families  in  which 
other  neuroses  prevail,  but  the  cases  are,  as  a  rule,  isolated.  In  a  few 
recorded  instances. more  than  one  member  of  a  family  has  suffered  from 
chorea,  but  these  cases  have  usually  differed  somewhat  in  character  from  the 
*ordinary  senile  form.  Two  sisters  and  a  brother  constituted  the  group 
described  by  Macleod,  but  in  two  of  them  organic  disease  was  found  in  the 
brain.  In  another  instance  described  by  Harbinson  three  members  of  a 
family  suffered  from  a  malady  resembling  that  under  consideration.  In  a 
case  recorded  by  West,*  a  man,  aged  forty-five,  had  lost  a  brother  from 
chorea  at  the  age  of  fifty ;  in  another  (Ewaldf),  a  mother  and  two  daugh- 
ters suffered.  The  most  remarkable  instances  of  inheritance,  however,  are 
that  mentioned  on  p.  956  (note)  and  one  recorded  by  Peretti.  Of  four 
families  descended  from  a  choreic  woman,  two  were  healthy,  but  in  the 
other  two,  excluding  all  doubtful  cases,  twelve  persons  became  choreic  in 
the  second  half  of  life  (after  thirty).  J  When  an  exciting  cause  can  be 
traced  it  is  generally  some  depressing  emotion,  especially  grief,  which  is  so 
potent  a  cause  of  neuroses  in  late  life.  A  fright  has  excited  the  disease  only 
in  those  who  were  still  in  middle  life.  Thus  in  a  case  described  by  Berkeley,^ 

woman  of  74,  ending  in  recovery,  is  recorded  by  Ferguson,  Lancet,  July  nth,  1885.  Other 
cases  of  adult  and  senile  chorea  have  been  recorded  by  Charcot,  Med.  Times  and  Gass., 
March  9th,  1878;  Macleod,  Journal  of  Mental  Science,  July,  1881  ;  McLearn,  Lancet,  1885, 
No.  viii;  Saundby,  Lancet,  Nov.  29th,  1884.  In  the  last  paper  references  will  be  found  to 
other  cases  recorded  by  Graves,  Sinkler  and  others. 

*  S.  West,  Brit.  Med.  Journal,  1884,  Jan.  5th. 

■)■  Zeitschr.f.  klin.  Med.,  1884,  Bd.  vii. 

%  Peretti,  Berlin,  klin.  Wochenschr.,  1883,^0.  5°-52-        I  Med.  News,  Aug.  25th,  1883. 
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the  patient,  a  woman,  became  choreic  a  few  hours  after  a  severe  fright,  at 
the  age  of  thirty-four ;  the  disease  continued  till  her  death,  seven  years 
later.     A  case  of  similar  causation  has  been  recorded  by  West.* 

The  malady  in  the  second  half  of  life  does  not  seem  to  have  any  special 
relation  to  heart  disease  or  rheumatism.  Valvular  disease,  when  present, 
has  been  apparently  due  to  chronic  degeneration,  and  any  rheumatism  from 
which  the  patients  had  suffered  has  also,  as  a  rule,  been  chronic. 

In  many  cases  the  mind  is  unaffected,  but  in  some  there  has  been  pro- 
gressive chronic  dementia,  and  in  a  few  there  has  been  some  maniacal  excite- 
ment. Hence  many  cases  of  senile  chorea  have  been  reported  from  asylums 
for  the  insane.  The  duration  of  the  disease,  in  cases  that  have  recovered, 
has  been  from  a  few  months  to  one  or  two  years.  That  of  the  persistent 
form  is.  often  long,  for  the  disease  has  but  little  tendency  to  shorten  life. 
Charcot  mentions  two  cases  at  the  age  of  seventy-one  ;  in  one  of  which 
the  disease  commenced  at  fifty-nine,  and  in  the  other  at  sixtv.  In  a  case 
recorded  by  McLearn  the  disease  commenced  at  forty,  and  had  already 
lasted  fifteen  years  when  the  patient  came  under  observation. 

The  malady  termed  "electrical  chorea,"  and  some  other  diseases  allied  to 
chorea,  are  described  at  the  end  of  this  chapter. 

Pathological  Anatomy. — As  a  rule,  the  nerve  centres  in  chorea  present 
no  abnormal  appearances  on  naked-eye  examination,  and  the  lesions  occa- 
sionally found  have  for  the  most  part  been  clearly  coincident  or  consecutive. 
This  is  true,  also,  of  the  minute  changes  that  the  microscope  has  more 
frequently  revealed.  Cerebral  hemorrhage,  evidently  secondary,  has  been' 
found  in  rare  cases.  Somewhat  less  rarely  spots  of  softening  have  been 
found  (Todd,  Tuckwell,  and  others),  usually  small,  occasionally  more  exten- 
sive. Sometimes  there  is  embolic  plugging  of  a  large  vessel,  an  associated 
consequence  of  the  endocarditis.  In  one  case  (Gray)  the  basilar,  vertebrals, 
and  middle  cerebrals  were  all  thus  closed.  Similar  obstruction  of  minute 
vessels,  especially  in  the  corpora  striata  and  cortex,  have  been  found  on 
microscopical  examination  (Tuckwell,  Bastian,  Long,  Fox,  Elischer,  etc.), 
and  have  usually  been  regarded  as  embolic,  but  as  thrombotic  by  Bastian. 
They  are  not  invariable,  for  they  have  often  been  carefully  looked  for  with- 
out success  (by  Dickinson,  myself,  and  many  others.)  Effusion  into  the 
cerebral  ventricles  has  been  very  rarely  observed,  and  it  is  only  in  cases  of 
extremely  chronic  course,  which  have  lasted  for  years,  that  any  trace  of 
meningitis  has  been  seen.  Changes  in  the  nerve  cells  have  been  found  by 
some  recent  observers,  hyaline  swelling  and  degeneration  in  the  central 
ganglia  (Meynert),  and  in  the  claustrum  and  island  of  Reil  (Elischer).  The 
connective  tissue  of  the  brain  has  been  found  increased  (Meynert,  Roki- 
tansky)  and  the  specific  gravity  of  the  central  ganglia  lowered  (Aitken).  In 
one  chronic  case  Golgi  saw  what  he  considered  to  be  calcification  of  the 
cells  of  Purkinje  in  the  cerebellum.  No  special  significance  can  be  attached 
to  the  fatty  degeneration  of  the  perivascular  sheaths  described  by  some 

*  S.  West,  Brit.  Med./ourn.,  1884,  Jan.  5th. 
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observers,  or  to  the  erosions  around  vessels  observed  by  Dickinson,  since 
both  these  changes  are  common  at  all  ages. 

In  the  spinal  cord  local  softening  has  rarely  been  found,  chiefly  in  the 
cervical  region  (Hutchinson,  Lockhart  Clarke).  Extravasation  of  blood 
around  minute  vessels,  is  frequent — very  rarely  there  is  more  extensive  hemor- 
rhage. Corpuscular  elements  have  been  found  aggregated  in  the  walls  of 
the  vessels  (Elischer)  and  fibrinous  plugs  within  them  (Ross).  The  nuclei 
of  the  interstitial  connective  tissue  have  been  increased.  The  large  nerve 
cells  were  found  by  Elischer  to  present  signs  of  degeneration,  somewhat 
questionable  in  significance  (pigmentation  and  indistinctness  of  nuclei). 
Inflammation  of  the  spinal  dura  mater  was  found  in  one  case  by  Frerichs, 
but  was  doubtless  an  accidental  complication,  for,  as  a  rule,  the  membranes 
are  free  from  any  other  morbid  state  than  passive  hypersemia. 

In  the  peripheral  nerves,  Elischer  found  an  increase  of  connective  tissue, 
and  changes  in  the  axis  cylinders,  which  presented  hyaline  swelling,  and 
stained  less  readily  than  in  health. 

Such  of  the  above  changes  as  are  not  accidental  concomitants  of  chorea 
are  probably  the  result  of  the  excessive  and  perverted  functional  activity  of 
the  nerve  elements.  It  is  important  to  remember  that  tissue  changes  set  up 
by  such  functional  disturbance  may  develop  to  some  extent  independently 
of  their  cause.  This  is  well  illustrated  by  the  pathological  anatomy  of 
chorea  in  the  dog,  an  affection  which  differs  from  the  ordinary  form  of  chorea 
in  man,  in  the  shock-like  character  of  the  muscular  spasm,  resembling  in 
this  the  so-called  "electrical  chorea."  Of  two  typical  cases  examined  by 
Sankey  and  myself,  one  presented  only  slight  degenerative  changes  (granu- 
lar swelling)  in  the  motor  nerve  cells  of  the  spinal  cord ;  in  the  other  these 
degenerative  changes  were  more  intense,  the  cells  were  extensively  vacuo- 
lated, and  the  spinal  cord,  medulla  and  cerebellum  presented  areas  and  foci 
of  intense  nuclear  (leucocytal  ?  )  infiltration,  situated  in  different  parts  of 
the  gray  or  white  substance,  and  apparently  of  secondary  origin,  and  of 
independent  course.     Similar  changes  have  also  been  found  by  Horsley. 

In  the  persistent  chorea  of  the  old,  changes  have  been  occasionally  found 
in  the  brain  ;  more  frequently  the  examination  has  failed  to  reveal  any  altera- 
tions that  can  be  regarded  as  the  cause  of  the  disease.  Slight  degenerative 
changes,  such  as  were  found  extensively  distributed  through  the  central 
nervous  system  by  Berkeley,  in  the  case  of  seven  years'  duration  (see  p. 
974),  are  probably  in  part  of  secondary  origin.  In  one  of  the  cases  recorded 
by  Harbinson,  there  was  evidence  throughout  the  brain  of  degeneration  of 
the  nerve  cells,  together  with  an  increase  of  the  lymphoid  elements,  which 
were  aggregated  around  the  vessels.*  In  all  the  three  cases  recorded  by 
Macleod  (see  p.  973),  in  which,  however,  there  was  also  motor  palsy,  disease 


*  Path.  Trans.,  1882,  p.  33.  The  changes  were  examined  for  the  Society  by  Dr.  Savage 
and  myself.  Similar  changes  seem  to  have  been  found  by  him  in  two  other  cases  in  the 
same  family  (Med.  Press  and  Circular,  1880,  Feb.  18),  but  the  existence  of  actual  sclerosis 
is  doubtful  (see  report  to  the  Path.  Soc,  loc.  cit.). 
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of  the  motor  region  of  the  cortex  was  found ;  in  two,  the  convolutions  were 
compressed  by  cystic  thickening  of  the  membranes,  in  the  other  there  were 
small  tumors.* 

Outside  the  nervous  system,  changes  are  usually  found  only  in  the  heart. 
Of  eighty  fatal  cases  collected  by  Sturges,  the  heart  was  healthy  in  only  five. 
The  most  frequent  change  is  endocarditis,  usually  of  the  mitral  valves,  which 
present  delicate  vegetations,  especially  on  the  auricular  aspect.  Similar 
vegetations  are  sometimes  found  also  on  the  aortic  valves.  Occasionally, 
more  extensive  valvular  disease,  of  older  date,  is  present.  Recent  endo- 
carditis may  be  found  when  there  has  been  no  antecedent  rheumatism. 
Although  very  frequent,  endocarditis  is  not  invariable,  and  it  has  even  been 
absent  in  a  case  in  which  the  disease  followed  acute  rheumatism.  The 
changes  met  with  in  the  chorea  of  pregnancy  are  similar ;  endocarditis  is 
usually  present,  but  in  rare  cases  is  absent. 

Pathology. —The  problem  of  the  pathology  of  chorea  resolves  itself  into 
three  questions,  (i)  What  is  the  primary  seat  of  the  disease?  (2)  What  is 
the  nature  of  the  change  in  the  nerve  elements?  (3)  What  is  the  cause  of 
that  change? 

(1)  The  changes  that  have  been  found  after  death  afford  no  clear  indica- 
tion of  the  part  primarily  deranged.  They  have  been  found  widely  distri- 
buted, in  the  brain,  spinal  cord,  and  peripheral  nerves,  and  are,  moreover, 
inconstant.  They  are  certainly,  for  the  most  part,  either  merely  concomit- 
ant or  secondary  to  the  functional  disturbance  of  the  nerve  elements. 
Organic  disease  has  been  found  only  in  cases  that  differ  in  some  respects 
from  the  common,  juvenile  form,  and  the  significance  of  these  lesions  will 
be  considered  presently.  The  uncertain  indications  of  pathological  anatomy 
must  therefore  be  interpreted  by  the  help  of  the  symptoms  themselves. 
These  symptoms  supply  strong  evidence  that  the  primary  seat  of  the  disease 
is  in  the  brain.  The  fact  that  the  movements  cease  during  sleep,  is  opposed 
to  their  origin  in  the  spinal  cord,  the  functions  of  which  are  in  a  state  of 
increased  activity  during  sleep.  The  frequency  with  which  chorea  is  uni- 
lateral or  commences  unilaterally,  suggests  that  it  depends  on  an  affection  of 
the  rnotor  elements,  where  those  related  to  the  various  parts  of  one  side 
have  more  in  common  than  have  those  for  the  upper  or  lower  limbs  of  both 
sides ;  i.  e.  that  it  depends  on  an  affection  in  the  cerebral  hemispheres.  A 
closer  study  of  the  distribution  of  unilateral  chorea  affords  further  support 
to  this  opinion,  since  the  greater  affection  of  the  arm  than  the  leg  points  to 
a  region  in  which  the  more  complex  movements  of  the  arm  are  proportion- 
ately represented,  and  agrees  with  the  distribution  of  unilateral  paralysis  and 
convulsion  of  cerebral  origin.  Since  chorea,  beginning  unilaterally,  often 
becomes  general,  we  are  justified  in  believing  that  the  latter  depends  on  an 
affection,  in  both  hemispheres,  of  those  structures,  the  disturbance  of  which  in 
one  hemisphere  causes  hemichorea.  Choreic  movements  have  been  produced 
by  organic  disease  in  so  many  parts  of  the  brain  that  no  conclusion  can  be 

*  Journal  of  Mental  Science,  July,  1 88 1. 
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drawn  from  such  cases  as  to  the  probable  seat  of  the  morbid  process  that 
causes  ordinary  chorea.  Such  movements  have  been  caused  by  lesions  of 
the  cortex,  central  ganglia,  and  crus  cerebri.* 

The  motor  impulses  that  excite  the  muscles  pass  to  the  spinal  cord 
direct  from  the  motor  region  of  the  cortex.  It  is  here  that  movements  are 
arranged,  and  it  is  certain  that  if  movements  are  disordered,  as  they  are 
in  chorea,  and  the  disorder  proceeds  from  the  brain,  it  must  depend  directly 
on  a  disordered  action  of  the  cells  of  the  motor  cortex.  We  must  assume, 
therefore,  that  there  is  such  disorder  in  chorea.  Is  this  derangement  pri- 
mary? Is  this  the  actual  seat  of  the  disease,  or  is  the  disorder  here  merely 
secondary  to  a  morbid  process  elsewhere?  To  this  question  no  definite 
answer  can  at  present  be  given.  It  is,  however,  doubtful  whether  there  are  at 
present  any  facts  to  justify  us  in  going  beyond  the  cortex  in  our  search  for 
the  primary  disturbance.  At'  the  same  time  we  know  very  little  of  the 
mechanisms  that  guide  the  cortex  in  arranging  movements.  It  does  not 
seem  that  there  is  any  coordination  of  movement  in  the  brain  after  the 
motor  impulse  leaves  the  convolutions.  The  impulse  passes  directly  to  the 
spinal  cord.  The  influences  that  guide  the  cortex  in  arranging  movements, 
the  influence  of  the  cerebellum,  for  instance,  however  exerted,  must  be 
exerted  on  the  cortex,  or  on  nerve  processes  anterior  in  time  to  those  in  the 
cortex.  It  is  possible  that  the  derangement  of  such  a  process  may  be  the 
cause  of  chorea,  but  we  have  no  evidence  of  the  fact. 

It  was  formerly  thought  that  the  corpus  striatum  is  the  part  primarily  dis- 
eased, but  this  opinion  was  based  upon  the  theory  that  the  movements  are 
arranged  in  the  central  ganglia  after  the  impulses  leave  the  cortex.  We  now 
know  that  this  is  impossible,  and  therefore  the  ground  on  which  this  theory 
was  based  has  disappeared.  Moreover,  we  know  of  no  anatomical  arrangement 
by  which  the  gray  matter  of  the  corpus  striatum  can  influence  the  cortex.  The 
optic,  thalamus,  however,  stands  on  a  different  footing.  Choreoid  move- 
ments have  been  caused  by  disease  of  the  thalamus,  and  it  is  connected  with 
all  parts  of  the  brain.  It  has  been  conjectured  that  it  is  a  centre  through 
which  peripheral  impressions,  which  do  not  affect  consciousness,  influence 
the  action  of  the  cortex,  and  it  is  possible  that  a  primary  derangement  of 
the  thalamus  may  be  the  cause  of  chorea.  But  of  this  we  have  no  direct  evi- 
dence, and  the  fact  that  its  disease  may  cause  choreoid  movements,  does  not 
prove  that  ordinary  chorea  is  due  to  its  disease.  The  difference  between 
the  two  conditions  is  great,  and  it  is  quite  possible  that  a  disorder  of  the 
action  of  the  cortical  cells,  which  may  be  secondary  to  the  disease  of  the 
thalamus  in  the  one  case,  may  also  occur  as  a  primary  change  in  the  other. 

It  seems  probable,  moreover,  that  the  nerve  cells  of  the  cortex  are  the 
seat,  not  only  of  disturbed  function,  but  also  of  disturbed  nutrition.  The 
change  in  the  electrical  irritability  of  the  nerve  fibres  of  the  limbs  means 
an  alteration  in  their  molecular  nutrition,  and  this,  from  all  analogy,  must 


*  Cases  from  disease  of  the  crus  have  been  described  by  Magnan  (hemorrhage),  and  by 
Canfield  and  Putnam  (softening). 
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pend  on  a  similar  change  in  the  nutrition  of  the  motor  cells  of  the  spinal 
rd.  But  if  the  disease  is  not  a  primary  one  of  the  cord,  it  is  reasonable 
assume  that,  just  as  the  change  descends  to  the  peripheral  nerve  fibres 
>m  the  spinal  cells,  so  it  must  descend  to  the  spinal  cells  from  the  brain, 
it  is,  from  the  cells  of  the  cortex,  and  that  in  these  it  exists  in  even  greater 
gree  than  in  the  spinal  cells. 

It  may  be  considered  that  the  absence  of  the  peculiar  epileptiform  convul- 
>ns  which  so  often  result  from  organic  disease  of  the  motor- cortex  is  a 
fficulty  in  assuming  that  this  part  of  the  brain  is  the  region  primarily 
seased.  The  weight  of  the  objection  may,  however,  be  over-estimated, 
hatever  be  the  seat  of  the  disease,  the  morbid  process  of  chorea  is  evi- 
ntly  one  o'  peculiar  character,  and  the  absence  of  such  symptoms  as  are 
oduced  by  organic  disease  may  be  due  solely  to  the  nature  of  the  morbid 
lange.  Moreover,  epileptiform  fits,  such  as  are  characteristic  of  cortical 
sease,  are  not  absolutely  unknown  in  chorea,  as  the  case  mentioned  on  p. 
>7  shows. 

There  is  other  evidence  that  the  functions  of  the  cortex  are  impaired  in 
lorea.  We  must  refer  to  this  cause  the  mental  dullness  which  is  so  common, 
id  to  this,  also,  we  must  refer  the  maniacal  disturbance  that  occasionally 
companies  chorea.  Perhaps,  indeed,  ordinary  acute  mania  presents  a 
ore  close  analogy  to  chorea  than  does  any  other  malady.  The  two  are 
imparable  in  course  and  in  duration,  and  they  are  not  altogether  dissim- 
ir  in  their  characters.  Chorea  has  been  called  "  insanity  of  the  muscles," 
id  mania  might  also  be  called  "  chorea  of  the  mind."  Finally,  the  facts 
at  symptoms  resembling  chorea  may  result  from  organic  disease  of  the 
irtex  (Macleod),  and  from  experimental  lesions  in  the  monkey  (Couty), 
ay  be  admitted  as  affording  some  support  to  the  opinion  that  this  is  the 
irt  primarily  deranged  in  the  ordinary  form. 

The  intense  over-action  of  the  nerve  elements  affords  an  explanation  of  the 
ght  and  variable  morbid  appearances  occasionally  found — the  indications 

the  vascular  disturbance,  and  the  increase  in  connective  tissue  in  cases  of 
ng  duration.  The  distention  of  the  vessels,  and  the  perivascular  hemor- 
ages,  are  doubtless  due  chiefly  to  the  mechanical  distention  which  usually 
ecedes  death. 

Does  the  spinal  cord  merely  act  as  a  conductor  or  does  it  intensify  the 
asm  ?  The  peculiar  choreic  spasms  of  the  dog  persist  after  the  separation 
'  the  spinal  cord  from  the  brain  ;  but  this  disease  differs  from  the  chorea  of 
an  too  much  to  permit  us  to  draw  any  inference  from  the  fact.  It  has  been 
mjectured  that  some  of  the  spasm  depends  on  the  cord,  but  there  is,  as 
t,.no  direct  evidence  of  this,  although  its  possibility  is  clearly  shown  by 
e  fact  that  unilateral  choreoid  spasms  in  the  monkey,  produced  by  a  lesion 

the  surface  of  the  brain,  may  persist  after  division  of  the  spinal  cord 
-outy). 

(2)  The  affection  of  the  nerve  elements,  whatever  its  primary  seat,  must 
:  one  of  peculiar  character,  with  a  definite  tendency  to  increase,  extend, 
d  subside  ;  it  must  consist  of  changes  that  can  pass  away  entirely.     The 
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symptoms  show  that  there  must  be  a  tendency  to  spontaneous  action  of  nerve 
cells,  a  tendency  for  this  action  to  spread  unduly  among  the  cells,  and  a 
diminution  in  the  possible  energy  of  action.  In  the  language  of  modern 
physiology,  we  may  say  that  the  "resistance"  is  lowered  alike  in  the  cells 
themselves,  and  in  the  connections  between  the  cells  by  which  the  charac- 
ter and  degree  of  their  associated  action  is  determined.  This  is,  of  course, 
only  a  statement  of  the  nervous  phenomena  that  correspond  to  the  muscular 
phenomena ;  it  is  not  an  explanation  of  the  nature  of  the  change  in  the 
nerve  centres.  In  this  connection,  and  in  relation  to  the  theory  that  the 
cortex  is  the  part  primarily  disturbed,  the  tendency  to  extension  of  the 
functional  disturbance  deserves  special  note.  It  spreads  from  one  side  to  the 
other,  just  as  does  a  convulsion  due  to  organic  disease.  The  latter  is  cer- 
tainly due  to  the  spread  of  ''discharge"  from  the  motor  cortex  on  one  side 
to  that  on  the  other  side  :  the  over-action  of  the  cells  has  a  tendency  to 
excite  the  over-action  of  other  cells  that  are  connected  with  the  first,  and  a 
similar  tendency  to  the  extension  of  functional  action  may  be  the  mechanism 
by  which  the  disorder  of  movement  extends  in  chorea. 

(3)  By  what  morbid  influence  is  the  derangement  of  function  of  the  nerve 
cells  produced  ?  This  is  the  essential  problem  of  the  pathology  of  chorea. 
Morbid  anatomy  throws  no  light  upon  it ;  no  change  has  been  found  with 
sufficient  frequency  to  justify  the  assumption  that  it  indicates  the  nature  of 
the  primary  lesion.  A  theory  of  the  nature  of  the  disease  must  therefore  be 
based,  not  only  on  the  meagre  facts  revealed  by  the  scalpel  and  the  micro- 
scope, but  also  on  those  which  have  been  ascertained  regarding  the  causa- 
tion and  the  pathological  relations  of  the  disease. 

The  first  important  etiological  fact  is  the  distinctly  predisposing  influence 
of  age  and  sex.  Chorea  is  especially  a  disease  of  later  childhood.  That  is, 
it  occurs  when  the  functional  education  of  the  nerve  centres  has  been  to  a 
large  extent  effected,  but  is  not  yet  complete ;  when  the  directions  of  func- 
tional activity  and  the  lines  of  resistance  have  been  developed,  but  have  not 
yet  received  that  stability  which  only  long-cpntinued  action,  with  its  under- 
lying nutrition,  can  achieve. 

The  age  and  sex  most  liable  are  also  those  in  which  emotion  is  most  active 
and  exerts  the  greatest  influence  on  the  motor  nervous  system — in  which, 
indeed,  as  Sturges  has  insisted,  the  physiological  expression  of  emotion  is 
often  by  movements  bearing  no  distant  resemblance  to  the  slighter  spasms  of 
chorea.  With  this  predisposition  is  to  be  associated  the  important  fact  that 
an  emotion  has  been  recognized,  by  almost  all  observers,  as  the  one  exciting 
cause  that  can  be  traced  with  frequency.  Were  these  the  only  facts  of  eti- 
ology, it  would  be  natural  to  regard  chorea  as  a  purely  functional  disease, 
in  the  strictest  sense  of  the  term,  a  disturbance  of  the  functions  of  the  motor 
centres,  conditioned  by  their  state  of  functional  development,  and  owning 
no  other  cause  than  an  activity  in  constant  or  occasional  excess  of  the  sta- 
bility of  the  nervous  mechanism.  This  theory,  as  an  exclusive  explanation 
of  chorea,  has  been  indeed  put  forward  by  Sturges. 

But   the   association  of  chorea  with  rheumatism  and  with  endocardial 
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lesions  is  too  frequent,  and  often  too  close,  to  be  explained  away  as  mere 
coincidence,  and  too  important  to  be  disregarded.  Although  the  propor- 
tion of  cases  of  chorea  in  which  there  is  a.  history  of  acute  rheumatism 
(about  one-fourth)  is  not  large,  it  is  too  large  to  be  the  result  of  accident ; 
and  this  explanation  is  rendered  entirely  inadmissible  by  the  evidence  of  the 
close  relation  between  the  diseases  afforded  by  the  cases  in  which  the  two  are 
immediately  associated,  in  which  an  attack  of  chorea  succeeds  acute  rheu- 
matism or  the  latter  occurs  during  the  course  of  the  chorea.  Moreover, 
their  close  relation  is  emphasized  by  the  lesion  which  is  common  in  each, 
even  when  dissociated,  endocarditis,  and  which  is  so  rare  in  other  maladies, 
nervous  or  general.  Yet  it  is  impossible  to  regard  chorea  as  the  result  of 
acute  rheumatism,  since  each  disease  occurs  so  frequently  without  the  other, 
and  no  relation  has  been  traced  between  chorea  and  the  common  cause  of 
rheumatism,  exposure  to  cold.* 

The  question  of  the  association  of  chorea  with  rheumatism  cannot  be  sepa- 
rated from  that  of  its  relation  to  the  cardiac  disease  which  is  common  to 
both.  The  great  frequency  with  which  endocarditis  is  found  post-mortem  in 
fatal  chorea  has  given  rise  to  the  theory  (originally  advanced  by  Kirkes  and 
advocated  by  Hughlings- Jackson,  Broadbent,  and  others)  that  chorea  is  due 
(some  say  occasionally,  others  always)  to  minute  fragments  being  washed  off 
the  cardiac  valves,  and  obstructing  the  small  vessels  of  the  motor  centres  in 
the  brain.  The  supporters  of  this  theory  appeal  to  the  frequency  of  endo- 
carditis, and  to  the  delicacy  of  the  vegetations  on  the  valves  (which  are  such 
as  to  supply  minute  plugs),  to  the  evidence  of  such  capillary  obstruction 
which  has  occasionally  been  found  post-mortem,  and  to  the  proof  which 
larger  infarction  has  (rarely)  supplied  of  the  reality  of  the  occurrence  of 
embolic  processes.  They  assume  that  rheumatism  causes  chorea  by  produc- 
ing endocarditis. 

On  this  theory,  endocardial  disease  must  precede  the  symptoms  of  chorea. 
But  it  is  only  in  a  very  small  proportion  of  the  cases  that  this  precedence  can 
be  traced.  Even  in  severe  and  fatal  cases,  endocarditis  has  been  found 
absent  after  death.  In  the  large  number  of  cases  which  recover,  and  in 
which  no  sign  of  endocarditis  can  be  detected,  we  are  not  justified  in  assum- 
ing its  existence.  In  other  cases,  again,  the  signs  of  endocarditis  come  on 
during  the  course  of  the  chorea.  In  these  two  classes,  which  comprise  the 
majority  of  the  cases  of  chorea,  the  embolic  theory  is  inapplicable,  except 
on  the  assumption  that  in  two-thirds  of  the  cases  in  which  endocarditis  exists 
it  causes  no  symptom — an  assumption  which  is  rendered  quite  unjustifiable 
by  the  fact  that  the  absence  of  endocarditis,  even  in  severe  cases,  has  been 
proved  post-mortem. 

The  actual  obstruction  of  cerebral  vessels,  large  or  small,  which  has  occa- 
sionally been  observed,  may  easily  be  over-rated  as  evidence  of  the  embolic 
origin  of  chorea.  A  careful  search  has  so  frequently  failed  to  discover 
emboli  that  we  must  regard  them  as  occasional  only,  even  when  there  is 

*  The  facts  ascertained  by  Morris  Lewis,  even  if  generally  true,  invalidate  this  conclusion. 
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endocarditis.  Occasional  embolism  does  not  do  more  than  emphasize  the 
fact  that  endocarditis  exists ;  it  does  not  prove  that  the  chorea  is  due  to 
vascular  obstruction.  As  an  explanation  of  the  relation  of  rheumatism  to 
chorea  the  embolic  theory  also-  fails,  since  in  a  fatal  case  of  chorea  after 
rheumatism,  recorded  by  Sawyer,  no  trace  of  endocarditis  could  be  found. 
Fright  is  effective  in  causing  chorea  in  cases  with  preceding  heart  disease,  as 
in  others  which  present  no  sign  of  endocardial  mischief  throughout  their 
course.  It  is  exceedingly  difficult  to  reconcile  the  influence  of  fright  with 
the  embolic  theory.* 

If  the  endocarditis  is  not  the  cause  of  chorea  it  must  be  either  the  result 
of  the  chorea,  or  the  two  must  be  consequences  of  a  common  cause.     This 
conclusion  is  supported  by  the  fact  that,  if  we  are  to  trust  clinical  evidence, 
the  endocarditis  is  often  secondary  to  the  chorea  in  point  of  time.     Path- 
ology at  present  knows  nothing  of  the  direct  dependence  of  such  a  lesion  on 
an  altered  state  of  the  nervous  system.      All  known  facts  regarding  the  eti- 
ology of  endocarditis  point  to  its  dependence  on  morbid  states  of  the  blood. 
That  excessive  muscular  action  changes  the  composition  of  the  blood  is 
practically  certain,  but  the  endocarditis  can  scarcely  be  ascribed  to  this 
cause,  since  it  does  not  occur  in  other  states  of  muscular  over-action  ;  it  may 
be  present  even  in  slight  cases  of  chorea,  and  it  may  precede  the  chorea  in 
its  development.     The  hypothesis  which  seems  best  to  embrace  the  facts  is 
the  old  theory  that  the  common  cause  of  the  endocarditis  and  the  chorea  is 
a  blood  state,  or  at  least  a  condition  of  the  system,  including  the  blood, 
which  may  be  most  conveniently  spoken  of  as  a  blood  state.    This  state  may 
be  allied  to,  but  not  identical  with,  that  which  causes  acute  rheumatism. 
According  to  the  precise  nature  of  the  blood  change,  chorea  or  acute  rheu- 
matism or  both,  with  or  without  endocarditis,  may  be  produced.     Of  the 
mechanism  by  which  the  assumed  blood  changes  cause  chorea,  we  are  still 
ignorant.     Bastian,  because  the  minute  vessels  of  the  corpus  striatum  have 
been  found  plugged  with  white  corpuscles,  has  suggested  that  the  mechanism 
is  by  spontaneous  thrombosis  in  these  vessels.    But  against  this  theory  is  the 
fact  that  ordinary  cases  of  chorea  exhibit  no  tendency  to  vascular  thrombosis, 
such  as  might  reasonably  be  expected  to  be  observed,  at  least  occasionally, 
and  also  the  .fact  that  such  capillary  thrombosis  has  seldom  been  found.    The 
hypothesis  (accepted  by  Leube)  that  the  blood  change  is  a  chemical  one, 


*  It  has  been  suggested  that  the  disturbance  of  the  heart's  action  produced  by  fright  may 
be  the  means  of  detaching  embolic  fragments.  But  this  explanation  cannot  be  accepted  for 
the  cases  of  chorea  due  to  fright  in  which  there  is  no  endocardial  mischief,  or  for  the  influ- 
ence of  other  depressing  emotions,  and  we  are  driven  to  admit  for  these  cases  a  direct  influ- 
ence of  the  emotion  on  the  nerve  centre.  But  a  theory  which  must  assume  that  the  influence 
of  rheumatism  and  fright  in  the  causation  of  chorea  is  sometimes  exerted  in  one  way,  and 
sometimes  in  a  totally  different  mechanism,  can  scarcely  be  regarded  as  admissible.  That 
extensive  capillary  embolism  may  give  rise  to  movements  resembling  those  of  chorea  has 
recently  been  proved  by  Dr.  Money  (Med.-Chir.  Trans.,  vol.  lxviii);  but  the  fact  has 
little  bearing  on  .the  question  of  the  pathology  of  human  chorea.  The  facts  of  disease  show 
that  many  morbid  processes  in  the  brain  may  give  rise  to  choreoid  movements. 
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having  a  specific  action  on  a  certain  part  of  the  nerve  centres,  is  more  prob- 
able, since  the  facts  of  toxicology  show  a  large  number  of  chemical  sub- 
stances have  an  action  limited  in  a  remarkable  way  to  certain  parts  of  the 
nervous  system.* 

Occasionally  chorea  is  accompanied  by  such  severe  general  symptoms  as 
to  suggest  the  influence  of  a  very  intense  blood  disturbance.  The  concur- 
rence of  rheumatic  hyperpyrexia  may  be  regarded  as  a  complication,  but  it 
is  a  very  significant  one.  In  the  case  mentioned  already,  as  fatal  by  ulcer- 
ative endocarditis,  the  symptoms  of  this  coincided  in  onset  with  those  of 
the  chorea.  In  another  recorded  case  the  symptoms  of  chorea  in  a  child  of 
seven  were  quickly  followed  by  those  of  an  intense  blood  disease,  which 
was  quickly  fatal. f 

We  must  not,  however,  regard  the  blood  change  as  the  exclusive,  or  even 
the  dominant  element  in  the  causation  of  chorea.  Important  facts  already 
considered  demonstrate  the  influence  of  functional  development  as  a  pre- 
.  disposition  and  of  functional  disturbance  as  an  excitant  of  the  disease.  No 
theory  is  complete  that  does  not  take  cognizance  of  all  three  factors.  The 
ascertained  facts  of  etiology  seem  to  show  that  the  part  played  by  the  three 
influences  varies  in  different  cases.  Always,  probably,  the  functional  pre- 
disposition is  essential ;  it  may  in  some  instances  attain  such  an  intensity 
that  the  disease  occurs  without  other  causes ;  in  other  cases  the  change  in 
the  blood,  or  the  influence  of  emotion,  or  both,  are  combined  with  the  pre- 
disposition in  various  degrees. 

The  nature  of  the  influence  which  pregnancy  exerts  on  the  occurrence  of 
chorea  is  still  unknown.  It  is  commonly  regarded  as  a  reflex  influence, 
analogous  to  that  which  causes  vomiting,  but  it  is  to  be  observed  that  the 
period  of  development  of  chorea  is  usually  later,  and  is  much  more  variable, 
than  that  of  the  morning  sickness,  and  often  does  not  cease  immediately  on 
the  removal,  by  parturition,  of  the  source  of  reflex  irritation.  We  know, 
also,  very  little  of  the  occurrence  of  chorea  from  other  forms  of  reflex  irrita- 
tion. 

The  influences  which  determine  the  precise  form  that  the  chorea  assumes 
are  also  unknown.  Maniacal  chorea  is  not  met  with  until  the  period  of 
puberty,  and  is  very  rare  in  the  male  sex.     It  occurs  in  girls  between  four- 


*  If  the  conception  of  a  blood  state  allied  to,  although  not  the  same  as,  that  which  causes 
acute  rheumatism,  seems  difficult,  we  may  remember  that  the  varieties  in  the  manifestations 
of  rheumatism  must  be  evidence  of  a  corresponding  variety  in  the  constitutional  condition 
that  predisposes  to  it.  Of  a  number  of  persons  who  get  their  feet  wet,  for  instance,  one  will 
have  a  cold  in  the  head,  a  second  acute  tonsillitis,  a  third  pericarditis,  a  fourth  acute  general 
arthritis,  and  a  fifth  arthritis  with  endocarditis.  The  cause  is  the  same  in  all,  the  effect  must 
be  due  to  the  previous  condition  of  the  individual.  It  does  not  seem  inconceivable  that  an 
allied  constitutional  condition  should  have  an  influence  on  certain  nerve  centres,  rendering 
their  function  and  nutrition  susceptible  of  derangement. 

f  Nauwerck, "  Beitrage  zur  Path.  Anat.  u.  Phys.,"  by  Zieglerand  Nauwerck,  Jena,  l886,  p. 
407.  Foci  of  inflammation  (mycotic  ?)  were  found  in  the  brain  and  medulla,  and  there  were 
also  pericarditis,  endocarditis,  and  pneumonia. 
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teen  and  twenty,  and  not  unfrequently  during  pregnancy — conditions  of  age 
and  sex  in  which  emotional  disturbance  is  readily  produced. 

Diagnosis. — No  disease  is  more  easily  recognized  than  chorea  in  its 
common  form.  The  peculiar  movements  at  once  attract  attention  ;  their 
character  is  unmistakable  ;  and  their  recent  onset  distinguishes  the  case  from 
the  only  condition  in  which  similar  movements  occur — that  of  congenital 
disease  of  the  brain.  The  expression  of  countenance,  with  its  listless,  some- 
what vacant  aspect,  often  by  itself  suggests  the  nature  of  the  malady.  It  is 
only  in  some  special  varieties  of  the  disease  that  any  diagnostic  difficulty 
arises.  In  the  rare  cases  in  which  the  legs  suffer  more  than  the  arms,  the 
interference  with  standing  and  walking  may  cause  the  condition  of  the 
patient  to  resemble  that  of  paraplegia,  but  the  spasmodic  movements  are 
always  conspicuous,  and  show  the  nature  of  the  case.  A  greater  difficulty  is 
sometimes  presented  by  the  cases  of  "paralytic  chorea,"  in  which  spon- 
taneous spasm  may  be  difficult  to  detect,  and  the  loss  of  power  alone  attracts 
the  attention  of  the  friends,  and  sometimes  also  of  the  medical  attendant. 
The  distinction  rests  on  the  fact  that  the  loss  of  power  is  confined  to  one 
arm,  and  does  not  involve  the  face  or  leg,  that  it  comes  on  gradually  (in  the 
course  of  a  few  weeks)  in  later  childhood.  Close  observation  will  always 
detect  slight  occasional  choreic  movements  in  the  weak  arm  and  often  else- 
where, or  there  may  be  distinct  incoordination,  sometimes  most  manifest  on 
sustained  exertion,  as  in  holding  the  hand  over  the  head — an  action  that 
often  reveals  the  existence  of  choreic  movements  more  distinctly  than  any 
other.  In  other  cases  sustained  muscular  action  is  impossible  ;  the  grasping 
fingers,  for  instance,  relax  involuntarily,  or  desired  relaxation  is  for  a 
moment  delayed.  Once  aware  of  the  possible  nature  of  the  case  and  the 
diagnosis  is  not  difficult.  As  a  rule,  when  a  child  between  seven  and  twelve 
years  of  age  is  said  to  have  gradually  lost  the  use  of  one  arm,  the  disease  is 
chorea.* 

Maniacal  chorea,  when  the  muscular  spasm  is  slight,  may  be  mistaken  for 
simple  mania.  There  is,  however,  less  continuous  garrulity  than  in  simple 
mania  ;  usually  there  is  sufficient  spasmodic  movement  to  show  the  nature  of 
the  case;  and  the  patients  are  younger  than  most  subjects  of  acute  mania. 
The  greatest  difficulty  arises  in  the  rare  cases  in  which  the  muscular  spasm 
ceases  when  the  mental  disturbance  becomes  considerable,  and  there  is  only 
the  history  of  the  spasm  to  guide  the  diagnosis. 

The  diagnosis  of  hysterical  from  ordinary  chorea  rests  on  the  suddenness 
and  isolation  of  the  muscular  contractions,  on  their  occasional  rhythmical 
character,  on  the  age  and  sex  of  the  patient,  and  on  the  frequent  origin  of 
the  disease  in  imitation.  The  sudden  shock -like  character  of  the  contrac- 
tions is  characteristic  also  of  the  disease  termed  "  electrical  chorea,"  which  is 
described  in  a  separate  section. 


*  This  statement  may  seem  too  absolute,  but  it  is  literally  true.  Organic  disease  either 
weakens  the  leg  as  well  as  the  arm,  or  else  it  causes  convulsions  or  some  other  symptom  that 
attracts  attention,  and  is  mentioned  at  the  outset. 
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Chorea  in  the  adult  is  recognized  by  the  resemblance  of  the  movements 
to  those  seen  in  earlier  life.  An  occasional  difficulty  is  due  to  the  rarity  of 
the  disease,  in  consequence  of  which  many  practitioners  are  ignorant  of  its 
occurrence,  and  they  do  not  think  of  actual  chorea  when  the  symptoms 
present  themselves  in  an  old  person.  A  greater  difficulty  is  due  to  the  fact 
that  there  are  many  varieties  of  spasmodic  disorder  bearing  more  or  less 
resemblance  to  chorea,  so  that  the  question  may  arise  in  a  given  case, 
"  Should  this  disease  be  called  chorea  or  not?  "  The  difficulty  is  chiefly 
one  of  name.  It  has  been  customary  to  call  by  this  name  most  cases  of 
general  clonic  spasm,  irregular  in  character,  not  distinctly  forming  part  of 
some  other  disorder.  What  separable  affections  are  thus  included,  future 
investigations  must  decide. 

Prognosis. — In  the  vast  majority  of  cases,  even  of  severe  chorea,  the 
prognosis  is  favorable.  As  long  as  the  disease  is  free  from  complications, 
and  the  patient  obtains  a  fair  amount  of  sleep,  no  anxiety  need  be  felt. 
The  chief  source  of  danger  is  exhaustion,  from  the  violence  of  the  move- 
ments, and  from  the  deficiency  of  sleep.  The  endocarditis  has  little  influ- 
ence on  the  immediate  prognosis,  the  only  risk  to  life  that  it  entails  is 
through  the  danger  of  embolic  processes,  and  this  is  extremely  small.  Inter- 
current rheumatism  is  also  commonly  of  a  mild  type,  and  the  gravest  com- 
plications of  rheumatism — pericarditis  and  hyperpyrexia — are  very  rare  in 
chorea.  Preceding  heart  disease  renders  the  prognosis  worse  in  proportion 
to  the  gravity  of  the  cardiac  lesion.  It  is  also  worse  in  the  maniacal  than 
in  the  ordinary  form,  and  considerably  worse  in  the  chorea  of  pregnancy 
than  in  that  of  youth.  It  is  somewhat  better  in  a  relapse  than  in  a  first 
attack,  but  to  this  rule  the  chorea  of  pregnancy  is  an  exception. 

The  more  severe  the  disease,  the  longer  will  be  its  probable  duration. 
Relapses  will  probably  terminate  sooner  than  first  attacks.  Etiological  con- 
ditions of  age,  sex,  cause,  preceding  rheumatism  or  heart  disease,  and  pres- 
ent endocarditis,  afford  no  indications  of  the  probable  duration  of  the  dis- 
ease. This  conclusion  is  drawn  from  a  careful  analysis  of  the  facts  of  the 
cases  which  have  come  under  my  notice.  In  hysterical  chorea  the  prog- 
nosis as  to  life  is  absolutely  favorable,  but  the  duration  of  the  disease  is  often 
long. 

Of  the  sequelae  of  ordinary  chorea,  mental  and  muscular  weakness  always 
pass  away.  It  is  only  when  there  has  been  severe  mania  that  there  is  any 
risk  of  the  persistence  of  dementia.  Convulsive  attacks,  if  of  epileptoid 
type,  may  continue  to  recur,  and,  as  we  have  seen,  may  develop  into 
epilepsy. 

Treatment. — The  derangement  of  motor  and  psychical  functions  in 
chorea,  its  frequent  origin  in  emotion,  and  the  distinct  increase  of  the  symp- 
toms, that  may  often  be  observed  to  result  from  emotional  disturbance  and 
from  mental  and  physical  exertion — all  teach  the  lesson,  which  experience 
confirms,  that  the  first  important  element  in  treatment  is  to  secure  the  patient 
from  causes  of  mental  and  physical  fatigue  and  emotional  excitement.  Les- 
sons should  be  discontinued,  and,  even  in  slight  cases,  the  periods  of  physi- 


TREATMENT.  985 

cal  rest  should  be  increased.  If  the  disease  is  not  severe,  a  certain  amount 
of  muscular  exercise  does  not  appear  to  do  harm,  but  it  must  be  carefully 
regulated.  In  severe  cases  there  is  only  too  much  spontaneous  muscular 
action,  and  all  voluntary  exertion  should  be  avoided  by  absolute  rest  in  bed 
during  the  height  of  the  disease.  Even  in  moderate  cases  the  beneficial 
effect  of  a  few  days'  absolute  rest  is  most  conspicuous,  and  is  desirable  at  the 
commencement  of  treatment.  Often,  in  such  cases,  prolonged  rest  is  not 
followed  by  a  continued  improvement,  and  the  patient  may  be  allowed  to  be 
up  during  the  greater  part  of  the  day,  provided  the  movements  are  not 
thereby  increased  in  intensity.  If  the  severity  of  the  disease  does  not  make 
prolonged  rest  in  bed  absolutely  necessary,  the  mental  depression  produced 
thereby  often  more  than  counteracts  the  good  effected  by  the  rest.  All 
sources  of  mental  irritation  should  be  avoided  ;  a  cheerful  room  and  cheerful 
companionship  are  most  important. 

When  the  movements  are  severe,  extreme  care  must  be  taken  to  obviate 
the  chance  of  injury  from  the  contact  of  the  limbs  with  hard  objects.  These 
should  be  removed  out  of  the  range  of  the  limbs,  or  covered  with  soft  pad- 
ding. The  importance  of  this  measure  cannot  be  over-stated.  One  cause 
of  death  in  chorea  is  the  effect  of  slight  mechanical  injuries,  which,  in  the 
cachectic  state  of  the  patient,  often  run  an  unfavorable  course,  and  may 
lead  to  blood  poisoning.  The  risk  that'  the  patient  may  be  thrown  out  of 
bed  by  the  spasm  must  not  be  forgotten.  In  severe  cases  it  is  well  to  place 
the  patient's  bed  on  the  floor  in  a  corner  of  the  room,  and  to  cover  the  adja- 
cent walls  with  cushions  or  mattresses.  If  bedsores  are  threatened,  a  water 
bed  should  be  obtained.  The  influence  of  the  spasm  must  be  borne  in  mind 
in  all  proceedings  that  are  adopted.  The  temperature,  for  instance,  should 
never  be  taken  in  the  mouth.  I  have  known  a  choreic  patient  to  bite  off 
and  swallow  the  bulb  of  a  thermometer  placed  in  the  mouth ;  fortunately, 
the  accident  was  followed  by  no  more  serious  consequence  than  an  increase 
in  the  chorea  from  the  alarm  occasioned ;  the  thermometer  bulb  was  safely 
passed  next  day,  per  rectum. 

It  is  needless  to  insist  on  the  importance  of  an  adequate  supply  of  easily- 
digested  food,  and  of  absolute  cleanliness.  The  latter  is  of  great  importance 
when  the  patient's  mental  apathy  causes  unnoticed  evacuations,  for  at  such 
a  stage  the  spasm  often  lessens,  and  comparative  stillness  increases  the  risk 
of  bedsores  from  pressure.  The  bowels  should  be  kept  open,  but  purgation 
is  useless. 

.  In  many  severe  cases  of  chorea  the  skin  is  dry  and  harsh,  and  in  these  a 
free  diaphoresis  has  often  the  most  striking  effect  in  lessening  the  intensity 
of  the  disease.  The  old  method  was  to  give  a  small  dose  of  antimonial  wine, 
and  follow  this  with  a  hot-air  bath,  and  I  have  seen  excellent  results  from 
this  treatment.  But  it  is  only  when  the  strength  is  good  that  the  antimony 
is  admissible  ;  the  hot-air  bath  may  always  be  employed  if  the  state  of  the 
skin  indicates  its  use. 

The  influence  of  drugs  on  chorea  is  a  subject  on  which  the  most  diverse 
opinions  have  been  expressed.     Some  physicians,  drawing  their  conclusions 
62 
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)m  the  observation  of  individual  cases,  are  confident  that  its  severity  may 
j  lessened  and  its  duration  shortened  by  certain  medicines.  Others  have 
impared  the  course  and  duration  of  cases  which  have  been  thus  treated 
th  those  of  cases  in  which  no  drug  has  been  given,  and  finding  no  marked 
fference  between  the  two  sets,  have  inferred  that  the  natural  tendency  to 
covery  has  influenced  the  conclusions  of  others,  and  that  chorea  is  not 
pable  of  being  influenced  by  drugs.  My  own  belief  is  that  the  facts  on 
lich  each  of  these  conclusions,  apparently  contradictory,  is  based,  are  in 
e  main  correct.  The  majority  of  cases  of  chorea,  if  they  are  admitted  at 
i  early  stage  into  a  well-arranged  hospital,  and  if  kept  at  perfect  rest,  seem 

get  well  as  speedily  as  the  nature  of  the  disease  will  permit,  and  it  is 
;ceedingly  difficult,  in  such  cases,  by  isolated  or  collective  observation,  to 
)tain  satisfactory  evidence  of  the  influence  of  drugs  on  the  disease.  On 
e  other  hand,  in  cases  that  are  treated  under  less  favorable  conditions,  in 
ose  that  are  seen  as  hospital  out-patients,  or  in  which  the  disease  has  lasted 
r  a  long  time,  the  duration  of  the  symptoms  is  much  longer,  the  tendency 

spontaneous  cessation  is  much  less  marked,  recovery  is  often  exceedingly 
jw,  and  the  influence  of  drugs  is  often  so  distinct,  as  to  justify  a  doubt 
tiether  the  cases  which  have  given  rise  to  the  first  conclusion  are  altogether 
:e  from  fallacy,  and  to  suggest  the  desirability  of  employing  those  agents 
hiich  seem  most  useful,  even  when  their  effect  is  difficult  to  trace. 
Sedatives  and  tonics  have  both  been  largely  employed  in  the  treatment  of 
lorea.  Of  the  former  bromide  of  potassium  is  of  singularly  little  value. 
Moral  hydrate  is  more  useful.     In  severe  cases  it  is  often  of  great  service 

producing  sleep,  but  in  cases  of  moderate  severity  its  chief  use  is  to 
crease  the  tranquillity  obtained  by  a  period  of  absolute  rest  in  bed  at  the 
tset  of  the  treatment.  Ten  or  fifteen  grains  may  be  given  every  four  or 
c  hours.  Some  physicians  have  advised  that  the  patients  should  be  kept 
nstantly  asleep  by  chloral,  but  this  method  of  treatment  is  scarcely  com- 
snded  by  a  case  recorded  by  Bouchut,  in  which  continuous  sleep  had  to  be 
lintained  for  a  month  before  the  movements  ceased.  In  other  cases  thus 
:ated  it  has  seemed  that  the  period  of  sleep  was  merely  interpolated  in  the 
sease,  the  course  of  this  being  not  otherwise  modified.  Large  doses  of 
loral  sometimes  succeed  where  small  quantities  fail,  as  in  one  case  (Gaird- 
r)  in  which  an  accidental  dose  of  sixty  grains  had  a  striking  effect.  Inha- 
:ions  of  chloroform  have  been  employed  with  advantage  to  secure  rest  in 
/ere  cases,  but  they  have  been  practically  superseded  by  chloral,  which 
oduces  the  same  effect.     Morphia  as  a  sedative  is  far  inferior  to  chloral. 

smaller,  stimulant  doses  (five  minims  of  the  liquor  three  times  a  day,  as 
vocated  by  Radcliffe)  it  seems  to  be  useful  in  slight  cases,  but  it  should 
t  be  given  if  there  is  considerable  mental  excitement.  I  have  known 
:h  excitement  to  be  distinctly  increased  by  morphia.  Henbane,  hyoscy- 
iin,  conium,  Indian  hemp,  Calabar  bean,  cimicifuga,  and  other  sedatives 
ve  been  employed,  but  are  of  doubtful  value. 

Among  the  so-called  nervine  tonics,  arsenic  has  long  enjoyed  a  high  repu- 
ion,  which  it  certainly  to  some  extent  deserves.     It  is  usually  given  by  the 
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mouth,  and  the  dose  should  be  gradually  increased  to  n\,x  or  even  n\,xv  of 
the  liquor  three  times  a  day.  It  may  be  combined  with  morphia  (Steiner). 
The  comparative  intolerance  of  the  stomach  for  arsenic  has  led  to  its  hypo- 
dermic injection  (Eulenburg,  Hammond).  By  this  method  much  larger 
doses  can  be  given  without  unpleasant  symptoms,  but  the  emotional  dis- 
turbance occasioned  to  children  by  the  operation  is  a  drawback  to  the 
method  in  a  disease  in  which  it  is  so  important  to  maintain  emotional  tran- 
quillity. In  older  patients  this  drawback  is  of  less  moment.  Hammond 
recommends,  as  an  initial  dose,  from  five,  to  thirty  minims  (!)  of  Fowler's 
solution,  diluted  with  an  equal  quantity  of  glycerine,  and,  as  the  best  place 
for  the  injection,  the  loose  skin  on  the  front  of  the  forearm.  Arsenic  may 
be  given  by  the  mouth  until  intolerance  is  reached,  and  then  continued  by 
hypodermic  injection. 

Zinc  is  another  drug  that  has  long  been  praised  in  the  treatment  of  chorea; 
both  the  oxide  and  sulphate  have  been  given,  the  dose  being  slowly  increased 
up  to  a  scruple  of  either..  So  far  as  I  have  seen,  it  scarcely  deserves  the 
encomiums  which  have  been  bestowed  upon  it,  and  the  apparent  influence 
of  the  increasing  doses  has  probably  been  sometimes  due  to  the  time  neces- 
sarily occupied  in  their  administration. 

Strychnine  is  of  little  value  in  the  early  stages,  but  it  is  often  distinctly 
useful  when  the  disease  lingers  on  in  slight  degree.  I  have  frequently  seen 
slight  cases  which  had  been  stationary  for  a  considerable  time  rapidly 
recover  under  its  influence.  Calabar  bean  has  been  recommended  by 
Harley,  and  its  alkaloid,  eserine,  by  Bouchut ;  the  latter  in  doses  of  ^ 
grain  two  or  three  times  a  day.  The  published  facts  are  not,  however,  very 
convincing  as  to  its  utility.  Curara  has  been  employed  in  obstinate  and 
chronic  cases  with  alleged  advantage  (Diamond,  Wright),  but  it  is  doubtful 
whether  the  employment  of  so  dangerous  an  agent  is  ever  justifiable.  The 
use  of  salicylate  of  soda,  recommended  by  Weir  Mitchell,  would  seem  to  be 
justified  by  the  relation  of  the  disease  to  rheumatism,  but  the  cases  are  few 
in  which  it  has  a  distinct  influence  on  the  disease. 

Electricity  has  been  employed  in  various  ways,  especially  the  voltaic 
current  to  the  spine,  but  it  is  very  doubtful  whether  the  agent  has  any  real 
influence.  The  spasms  are  usually  lessened  by  the  passage  of  the  current 
through  the  limbs,  but  the  effect  quickly  passes  away,  and  I  have  never 
observed  evidence  of  permanent  benefit.  A  few  instances  of  rapid  cessation 
of  chorea  on  the  application  of  magnets  have  been  reported  by  Benzol  and 
Hammond,  but  the  latter  has  since  stated  that  in  other  cases  the  method  has 
invariably  failed.  Massage  has  been  employed,  and  has  been  thought  to  do 
good  ;*  in  various  forms  of  spasm  it  has  a  marked  sedative  effect.  Another 
therapeutic  measure  which  has  been  recommended,  but  is  of  very  doubtful 
value,  is  the  freezing  of  the  skin  over  the  spine  by  ether  spray,  f 

Rhythmical 'movements  and  mild  gymnastics  are  of  service  in  the  later 


*  Goodhart  and  Phillips,  Lancet,  August  5th,  1882. 
\  Lubelsky,  1870,  and  others  since. 
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iges  of  the  disease,  when  the  normal  functions  of  the  centres  are  being 
stored,  but  they  are  not  advisable  in  the  earlier  stages  except  in  cases  of 
ry  slight  degree. 

The  treatment  that  has  been  most  frequently  beneficial  in  the  chorea  of 
e  second  half  of  life  is  similar  to  that  of  the  juvenile  form. 


"ELECTRICAL  CHOREA." 
The  term  "electrical  chorea  "  has  long  been  applied  to  a  peculiar  malady 
at  is  met  with  chiefly  in  Lombardy  and  some  adjacent  parts  of  Italy. 
lie  malady  resembles  chorea  in  being  manifested  by  spasmodic  movements, 
it  differs  in  the  character  of  the  movements  and  in  the  course  of  the 
sease,  and  in  the  addition  of  progressive  palsy  and  muscular  wasting, 
he  muscular  contractions  are  sudden  and  shock- like,  and  thus  resemble 
ose  that  are  caused  by  momentary  electrical  stimulation.  The  course  of 
e  disease  is  progressive,  and  a  large  proportion  of  the  cases  terminate 
tally.  It  is  doubtful  whether  the  disease  has  any  resemblance  to  chorea  in 
tture,  and  hence  it  has  been  called  (by  Grocco)  "  Dubini's  disease,"  from 
e  physician  who  first  described  it.  It  affects  both  sexes  and  occurs  at  all 
;es.  Its  causes  are  unknown,  but  it  has  been  ascribed  to  some  obscure 
alarial  influence,  on  account  of  its  occurrence  chiefly  in  certain  districts, 
ven  in  these,  however,  it  appears  to  be  rare.  Cases  have  been  described 
which  the  symptoms  commenced  after  a  fright,  but  it  is  doubtful  whether 
ese  are  of  the  same  nature.  The  sudden  clonic  character  of  the  contrac- 
3ns  is  not,  as  we  have  seen,  confined  to  this  disease ;  it  is  met  with  in 
me  cases  of  ordinary  chorea,  in  the  hysterical  variety,  and  in  some 
loreoid  attacks  in  adults  and  the  old.*  It  is  also  a  characteristic  of  the 
.ses  described  as  "  paramyoclonus  multiplex."  But  all  these  forms  differ 
am  the  Italian  malady  in  their  benign  character,  which  at  present  seems 
e  most  important  diagnostic  indication. 

The  shock-like  muscular  contractions  that  constitute  the  first  and  most 
ominent  symptom  of  the  disease  usually  commence  gradually  in  one  arm 
-often  in  the  upper  part  of  the  arm — and  spread  thence,  usually  to  the 
g  on  the  same  side  before  they  invade  the  opposite  limbs.  After  a  few 
onths  or  less,  the  limbs  first  affected  gradually  become  feeble,  the  mus- 
es waste,  with  loss  of  faradaic  irritability,  and  the  palsy  spreads  until  it 
:comes  general.  In  many  cases  there  are  epileptiform  convulsions,  which 
ay  be  unilateral.  In  the  more  acute  cases  there  may  be  considerable  ele- 
ttion  of  temperature  throughout  the  course  of  the  disease. 
In  fatal  cases  no  constant  morbid  changes  are  found  in  the  central  nerv- 
is  system,  and  not  only  the  nature  of  the  disease,  but  also  the  precise  part 
'  the  nervous  system  primarily  disturbed,  is  a  matter  of  conjecture.     The 

*  The  term  "  electrical  chorea  "  has  been  applied  by  some  writers  to  the  cases  that  do  not 
lerwise  differ  from  ordinary  chorea.  But  since  it  has  long  been  used  as  a  designation  for 
:  Italian  malady,  this  use  of  the  word  seems  undesirable. 
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most  plausible  theory  assumes  that  the  cerebral  cortex  is  the  part  primarily 
diseased  (and  thus  the  unilateral  commencement  and  convulsions  are 
accounted  for),  but  that  the  spinal  cord  suffers  secondarily  and  causes  the 
changes  in  muscular  nutrition  and  irritability.  It  is  doubtful  whether  any 
treatment  influences  the  disease,  but  from  the  rarity  of  the  malady  thera- 
peutical experience  can  accumulate  but  slowly. 


"MYOCLONUS  MULTIPLEX." 

Clonic  spasm  is  a  symptom  that  occurs  in  various  forms  and  distribution, 
and  constitutes  part  of  the  manifestation  of  many  morbid  states  of  the 
nervous  system.  The  conditions  of  which  such  spasm  is  a  symptom 
are  thus  numerous,  and,  moreover,  they  are  linked  together  by  inter- 
mediate forms  which  render  very  difficult  the  separation  into  definite 
types  of  the  cases  that  are  described  from  time  to  time.  A  few  years 
ago  Friedreich*  described,  under  the  name  "  paramyoclonus  multi- 
plex," f  a  case  of  clonic  spasm  affecting  the  limbs  of  an  adult,  and  a  few 
cases  of  more  or  less  similar  character  have  been  since  described  by  others.  J 
There  has  been  much  discussion  as  to  what  should  or  should  not  be  included 
under  the  name  proposed  by  Friedreich,  and  what  is  the  precise  relation  of 
the  disease  to  other  allied  and  better-known  maladies.  Friedreich's  patient 
was  a  man  of  fifty,  suffering  from  phthisis,  in  whom  the  symptoms  com- 
menced a  fortnight  after  a  fright,  which  caused  a  sensation  of  stiffness  over 
the  whole  body.  They  consisted  in  clonic  contractions  in  the  upper  arm 
muscles  and  supinator  longus,  and  in  the  muscles  of  the  thigh,  especially  the 
quadriceps,  the  limbs  of  both  sides  being  similarly  affected.  The  frequency 
of  the  contractions  varied  from  ten  to  fifty  a  minute ;  they  were  lessened  by 
voluntary  movement,  ceased  sometimes  for  a  quarter  of  an  hour  or  so,  and 
were  always  absent  during  sleep.  The  only  other  symptom  was  an  increase 
of  reflex  action,  and  especially  of  the  myotatic  irritability.  Some  years 
later  the  patient  came  under  the  care  of  Schultze,  who  quickly  removed  the 
spasms  by  a  few  applications  of  voltaic  electricity,  but  they  afterward 
returned  and  continued  until  the  man's  death  from  disease  of  the  lungs  and 
kidneys.  No  marked  change  could  be  discovered  in  the  muscles  or  spinal 
cord. 

The  cases  that  have  since  been  described  as  examples  of  this  affection 
have  differed  considerably  in  their  features.  Most  of  the  patients  were 
males,  and  they  varied  in  age  from  ten  to  fifty-two.  In  most  of  them  the 
muscles  of  the  back  were  involved  as  well  as  the  limbs,  in  some  the  muscles 

*  Friedreich,  Virchow's  Archiv,  Bd.  lxxxvi,  p.  421  (see  also  Schultze,  Neur.  Centralbl., 
1886). 

f  The  prefix  "  para  "  has  been  since  omitted  by  Reinecke,  and  seems  to  be  needless. 

J  Seeligmuller,  Deul.  med.  Wochenschr.,  1886;  Remak,  Arch.  f.  Psych.,  xv;  Marie, 
Prog.  Med.  1886;  Homen,  Arch,  de  Neurologie,  1887;  Allen  Starr,  Am.  Journal  of  Nerv- 
ous and  Mental  Diseases,  July,  1887. 
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of  the  neck,  and .  in  some  the  face,  the  abdomen,  or  diaphragm.*  In  no 
case,  however,  have  the  extremities  of  the  limbs  been  affected.  In  some 
instances  the  clonic  contractions  have  been  occasionally  varied  by  tonic 
spasm.  Voluntary  movement  lessened  the  spasm  in  some  cases  (as  in  Fried- 
reich's), but  made  it  worse  in  others.  In  one  case  the  movements  con- 
tinued during  sleep.  In  some  of  them  the  clonic  spasm,  instead  of  being 
constant,  occurred  only  in  paroxysms,  sometimes  of  extreme  violence.  Thus, 
in  a  case  recorded  by  Allen  Starr,  the  movements  of  the  body  occasioned 
by  the  violence  of  the  spasmodic  contractions,  alternately  in  the  muscles  of 
the  front  and  back  of  the  trunk,  were  so  violent  that  "  the  head  was  thrown 
about  and  the  body  was  tossed  about  in  the  chair,"  and  if  the  attack  came 
on  when  the  patient  was  walking  he  was  sometimes  thrown  down.  A  simi- 
lar case  of  paroxysmal  clonic  spasm  was  recorded  by  Pritchard  in  1822,  as 
"Convulsive  Tremor,"  and  several  others,  differing,  however,  considerably 
among  themselves,  have  been  described  by  Hammond  under  the  same  gen- 
eric designation.  On  the  other  hand,  in  some  recorded  cases  the  spasm  has 
been  trifling  in  degree,  even  insufficient  to  cause  any  movement  of  the  parts, 
and  only  to  be  seen  when  the  skin  was  bared.  It  is  thus  clear  that  the 
cases  present  very  wide  differences,  and  the  only  common  characters  are  the 
sudden  shock-like  character  of  the  muscular  contractions,  their  bilateral 
symmetry,  and  the  freedom  of  the  extremities.  In  all  cases  the  symptoms 
have  run  a  benign  course  ;  in  most  of  the  cases  they  have  passed  away,  and 
even  those  of  most  prolonged  duration  have  been  remarkably  amenable  to 
electrical  treatment. 

The  condition  is  regarded  by  several  writers  (Schultze,  Marie,  etc.)  as 
closely  allied  to  facial  spasm  ;  by  others  as  related  to  the  form  of  chorea  in 
which  the  spasms  are  clonic.  The  malady  is  perhaps  intermediate  in  char- 
acter between  chorea  and  facial  spasm  or  torticollis,  and  more  nearly  allied 
to  senile  chorea  than  to  any  other  malady.  We  have  seen  that  senile  chorea 
sometimes  runs  a  favorable  course,  and  that,  even  when  severe,  it  seldom 
causes  death.  It  is  doubtful  whether  the  bilateral  symmetry  of  the  affection 
affords  any  real  ground  for  placing  it  far  from  other  diseases  that  it  resem- 
bles. One  curious  case  has  come  under  my  notice  in  which  paroxysms  of 
clonic  spasm,  somewhat  resembling  those  of  myoclonus  multiplex,  had  an 
irregular  distribution.*     The   most   suitable   treatment  of  the   condition 

*  The  patient  was  a  healthy-looking  man,  aged  thirty-nine,  who  presented  the  following 
condition.  His  head  was  in  constant  movement,  jerked  to  the  right,  and  constantly  rotated, 
as  in  torticollis,  while  coincident  spasm  involved  the  right  shoulder  muscles.  Slight  tonic 
contraction  of  the  muscles  of  the  face  caused  the  eyes  to  be  partially  closed,  the  eyebrows 
raised,  and  the  angles  of  the  mouth  to  be  drawn  down,  and  gave  to  the  face  an  expression 
of  suffering.  The  least  excitement  increased  the  spasm.  If  he  was  spoken  to,  for  instance, 
the  clonic  spasm  extended  to  the  muscles  of  the  forearm  and  to  those  of  mastication  and  of 
the  face,  changing  the  expression  of  pain  to  one  of  anguish.  When  he  himself  attempted  to 
speak,  the  resulting  disturbance  almost  baffles  description.  The  jerkings  of  the  arms  became 
most  violent,  and  the  head  was  rotated  from  side  to  side  with  extreme  rapidity  for  a  few  sec- 
onds.    A  similar  paroxysm  occurred  on  rising  from  the  recumbent  posture  in  the  presence  of 
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appears  to  be  by  nervine  tonics,  with  bromide  as  a  sedative,  and  the  use  of 
voltaic  electricity,  which  has  in  some  way  produced  a  striking  result  in  many 
cases.  A  current  as  strong  as  the  patient  can  conveniently  bear  should  be 
passed  from  the  spine  to  the  affected  muscles  daily,  for  a  quarter  of  an  hour. 
If  this  fails  and  the  spasm  is  severe,  the  hypodermic  injection  of  morphia 
may  be  tried. 

SALTATORIC  SPASM. 
The  term  "saltatoric  spasm"  is  applied  to  a  rare  form  of  clonic  spasm  in 
the  legs,  which  comes  on  when  the  patient  attempts  to  stand,  and  causes 
springing  or  jumping  movements,  whence  the  name.*  It  was  first  described 
by  Bamberger,  in  1859,  and  only  a  few  cases  have  been  recorded. f  The 
affection  occurs  in  both  sexes,  and  seems  to  be  rather  more  frequent  in  males 
than  in  females.  The  ages  of  the  sufferers  have  varied  between  ten  and 
seventy  years.  In  some  there  has  been  a  history  of  previous  functional  nerve 
disturbance,  epilepsy,  hysteria,  etc.,  and  in  most  the  onset  has  been  preceded 
by  influences,  physical  or  othe,r,  depressing  the  nervous  system.  Immediate 
exciting  causes  have  not,  as  a  rule,  been  traceable.  In  a  few  there  have  been 
premonitory  symptoms,  slight  tremor,  stiffness,  or  a  feeling  of  stiffness,  in 
the  legs.  In  one  instance  the  spasm  followed  a  convulsive  seizure.  The 
actual  onset  has  generally  been  sudden.  The  symptoms  consist  of  alternat- 
ing contractions  in  the  flexors  and  extensors  of  the  legs,  following  each  other 
with  great  rapidity,  and  causing  jumping  movements  of  such  violence  that 
the  feet  may  leave  the  floor  at  each  spasm,  and  the  patient  is  thrown  to  the 
ground  unless  supported.  In  some  cases  the  spasm  has  been  slighter,  and 
only  the  heels  have  been  raised  from  the  floor.  The  spring  is  the  result  of 
spasm,  not  only  in  the  calf  muscles,  but  also  in  those  of  the  hip  and  knee 
joints,  while  in  many  instances  the  muscles  of  the  back  have  also  contracted 
and  have  caused  a  backward  inclination  of  the  trunk.  This  peculiar  spasm 
occurs  only  on  an  attempt  to  stand;  as  the  patient  sits  or  lies  down  the  mus- 

a  stranger ;  he  would  stoop  for  a  moment,  bend  the  head  as  if  in  expectancy,  and  then  the 
violent  movement  occurred.  Over  the  slighter  movements  he  had  some  control,  so  that  by  a 
great  effort  he  could  open  the  eyes ;  the  eyeballs  were  usually  directed  to  the  right,  but  he 
could  slowly  turn  them  in  any  direction.  So  violent  were  the  paroxysms  on  an  attempt  to 
speak,  that  for  weeks  he  never  uttered  a  word.  He  could,  however,  write  fairly  well,  with 
occasional,  interruptions  from  the  spasm.  The  man's  history  showed  no  cause,  immediate  or 
remote,  for  the  affection,  which  had  commenced  gradually  six  months  before.  Under  treat- 
ment, rest  and  hypodermic  injections  of  morphia,  he  gradually  improved,  and  became  able  to 
speak  to  the  other  patients  in  the  ward,  although  it  was  much  longer  before  he  became  able 
to  speak  to  a  stranger.  Ultimately  the  spasm  became  trifling,  but  it  had  not  quite  disappeared 
when  he  passed  from  observation. 

*  It  has  been  also  called  "  static  reflex  spasm  "  by  Erlenmeyer. 

+  Bamberger,  Wien.med.  Wochenschr.,  iSjg;  Guttmann,  Berlin,  med.  Wochenschr.,  i86j  ; 
and  Arch,  fur Psych.,  Bd.  v,  1876;  Frey,  ib.,  Bd.  vi,  1875;  Gowers,  Lancet,  ii,  1877;  Kall- 
mann, Deut.  med.  Wochenschr.,  1883,  No.  40,  and  1884',  No.  4;  Erlenmeyer,  Cent./.  Ner- 
venkrank  ,  1887. 
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cular  contractions  cease,  often  entirely,  although  sometimes'  a  little  clonic 
spasm  or  rigidity  has  persisted  for  a  short  time.  In  some  cases,  pressure  on 
the  feet,  as  the  patient  lay,  caused  slight  spasm,  similar  to  that  produced  by 
an  attempt  to  stand.  In  no  case  did  the  spasm,  excited  by  standing,  spread 
to  the  arms,  but  in  some  instances  other  voluntary  movements,  even  in  the 
recumbent  posture,  caused  a  little  clonic  spasm,  which  involved  also  the 
arms.  Motor  power  has  been  normal  in  most  cases,  but  in  some  there  was 
trifling  weakness  after  the  spasm  had  existed  for  some  time.  Sensation  was 
unaffected  in  all,  but  dull  pain  in  the  legs,  or  tenderness  of  the  spine,  were 
present  in  some  of  the  patients.  In  one  of  Bamberger's  cases  there  were 
other  peculiar  symptoms— palpitation,  dyspnoea,  inequality  of  pupil,  with 
spasm  on  one  side  of  the  face.  In  Kollmann's  patient  other  severe  disturb- 
ances of  the  nervous  system  led  to  death. 

The  affection  has  generally  continued  for  some  months  ;  in  only  two  was 
its  duration  less  than  one  month,  while  in  one  case  it  continued  till  the 
death  of  the  patient,  six  years  after  the  onset  of  the  symptoms.  The  cessa- 
tion of  the  spasm  has,  in  most  cases,  been  gradual. 

The  spasm  is  evidently  reflex  in  character,  tod  has  been  regarded  by  most 
writers  on  the  subject  as  proceeding  from  the  spinal  cord,  and  the  result  of 
a  peculiar  exalted  irritability  of  the  spinal  reflex  centres,  especially  of  those 
that  subserve  the  coordinated  movement  of  jumping,  etc.  Freusberg*  has 
shown  that  alternating  contractions  in  the  flexors  and  extensors  of  the  legs 
may  be  coordinated  in  the  lumbar  enlargement  of  animals,  and  I  have  found 
evidence  of  a  similar  fact  in  man :  in  a  case  of  paraplegia,  with  absolute 
motor  palsy,  and  evidence  of  a  transverse  lesion  in  the  dorsal  region,  pres- 
sure on  the  soles  set  up  alternate  flexion  and  extension  of  the  hip-,  knee-, 
and  ankle  joints,  by  which  the  feet  were  successively  drawn  up  and  pushed 
down.f  Apparently  the  area  of  increased  irritability  varies  in  different 
cases,  since  in  a  few,  apart  from  standing,  a  peripheral  impression  has  caused 
movements  that  spread  widely. 

The  disease  in  most  cases  has  not  appeared  to  be  rapidly  influenced  by 
treatment.  The  spasm  has  continued,  in  spite  of  the  administration  of 
sedatives;  the  most  important  and  effective  measure  appears  to  be  the 
improvement  of  the  general  health,  and  of  the  strength  of  the  nervous  sys- 
tem, by  tonics.  The  case  of  shortest  duration  is  one  recorded  by  myself, 
in  which  slight  but  characteristic  symptoms  (another  case  having  previously 
been  under  my  observation)  were  at  once  cut  short,  on  the  second  day  of 
their  existence,  by  a  copious  diaphoresis  in  a  hot-air  bath. 


*  Pfluger's  Archiv,  Bd.  ix. 

f  It  is  to  be  noted,  however,  that  Woroschiloff  (Ludwig's  Arbeiten,  1874,  p.  1 10)  obtained 
evidence  of  a  centre  in  the  upper  part  of  the  spinal  cord  of  the  rabbit,  by  which  springing 
movements  of  the  legs  were  apparently  coordinated.  A  discussion  of  some  other  experi- 
mental facts  bearing  on  the  subject  will  be  found  in  my  paper  on  the  disease  (Lancet,  i8fi). 
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HABIT  SPASM. 

Children  often,  and  adults  sometimes,  present  spasmodic  movements,  such 
as  winking,  twitching  the  mouth,  jerking  the  head,  movements  that  have  a 
half-voluntary  aspect,  but  which  the  individuals  are  unable  to  control.  The 
patient  is  said  to  have  "got  a  trick"  of  moving  the  part.  This  condition 
has  been  termed  "habit  chorea"  by  Weir  Mitchell,  but  the  term  "chorea" 
it  not  strictly  applicable  to  it,  and  "habit  spasm"  is,  I  think,  a  better 
name. 

The  condition  is  met  with  chiefly  in  childhood,  especially  in  the  second 
half,  but  it  sometimes  commences  in  youth,  and  even  in  adult  life.  In 
young  women,  it  is  often  associated  with  symptoms  of  hysteria,  and  there 
may  be  a  difficulty  in  deciding  whether  certain  spasmodic  movements  are  to 
be  regarded  as  examples  of  this  affection  or  of  hysterical  spasm.  When  it 
commences  in  childhood,  the  affection  commonly  ceases  after  a  few  months 
or  years,  but  it  occasionally  goes  on  to  middle  life  or  even  longer.  Rarely 
it  begins  late  in  life,  and  is  then  generally  permanent.  In  early  life,  it 
occurs  especially  in  nervous  and  excitable  children.  The  affection  is  said 
to  be  more  common  in  females  than  in  males,  but  it  is  very  often  seen  in 
boys.  It  usually  begins  between  the  ages  of  six  and  fourteen  ;  I  have,  how- 
ever, known  it  to  commence  as  early  as  four.  Some  impairment  of  general 
health  often  precedes  the  development  of  the  movements  ;  occasionally 
they  appear  to  be  due  to  some  special  influence  depressing  the  nervous  sys- 
tem, overwork  at  school,  a  fright,  or  some  injury.  In  one  case,  for  instance, 
the  onset  followed  a  fall  into  the  water.  They  may  succeed  true  chorea,  or 
some  local  irritation  in  the  part  that  is  the  seat  of  the  movements ;  conjunc- 
tivitis, causing  blepharospasm,  may  set  up  winking  movements.  In  boys  the 
affection  is  often  due  to  masturbation,  and  from  this  cause  very  severe  cases 
are  sometimes  met  with. 

Frequently  there  is  a  history  of  other  neuroses  in  parents  or  other  relatives. 
More  than  one  child  in  the  same  family  may  suffer,  but  they  seldom  present 
quite  the  same  movements.  I  have  seen,  for  instance,  a  different  habit  spasm 
in  twin  sisters.  It  is  probable  that  the  affection  often  arises  by  imitation. 
There  is  not  often,  perhaps,  direct  imitation,  but  the  witnessing  such  move- 
ments is  apt  to  produce  a  peculiar  excitability,  which  finds  expression  and 
relief  in  movements  of  a  similar  nature.  In  cases  in  which  something  like 
direct  inheritance  can  be  traced,  it  is  probable  that  this  influence  has  been 
at  work.  A  father,  for  instance,  had  such  movements  in  the  face  all  through 
his  life,  and  two  of  his  children  likewise  presented  them.  In  many  cases, 
however,  no  causes  can  be  traced,  and  the  affection  seems  to  be  the  result 
of  the  restlessness  of  childhood,  specialized,  as  it  were,  in  a  particular  direc- 
tion. 

The  movements  usually  occur  at  intervals  of  a  few  minutes,  but  some- 
times they  are  almost  continuous.  Their  character  varies  much  in  different 
cases,  and  even  in  the  same  individual.  One  kind  of  action,  after  lasting 
for  a  time,  may  give  place  to  another,  or  two  or  three  kinds  may  alternate 
at  the  same  period.     The  most  common  is  blinking  of  the  eyelids,  by  a 
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sudden  contraction  of  the  orbicularis  palpebrarum,  sometimes  accompanied 
with  depression  of  the  eyebrows.  Another  that  is  very  common  is  a  con- 
traction of  the  zygomatic  muscles,  moving  the  angles  of  the  mouth,  first  to 
one  side  and  then  to  the  other.  A  movement  of  the  head  is  also  common, 
a  lateral  deviation,  a  rotation,  or  a  nod.  In  one  case  there  was  a  backward 
movement  of  the  head  with  simultaneous  elevation  of  the  eyebrows,  as  in 
looking  up.  In  another  case  spasm  at  the  back  of  the  neck  was  succeeded 
by  a  contraction  in  the  sterno-tnastoid.  Movement  of  the  arms  is  also  com- 
mon, shrugging  the  shoulders,  or  a  peculiar  fidgety  action  of  the  hand,  or 
some  other  movement  of  the  arm.  One  boy  would  put  both  his  arms  for- 
ward and  then  stoop,  and  he  did  this  under  all  circumstances,  even  in 
church.  A  movement  of  the  leg  is  less  common  ;  the  patient  last  men- 
tioned afterward  got  into  the  way  of  kicking  his  leg  forward  in  walking, 
doing  so  about  every  dozen  steps.  Of  the  twins  mentioned  above,  in  one, 
in  whom  the  spasms  began  after  a  fall  at  three,  there  was  a  slight  movement 
of  the  leg  and  a  twist  of  the  arm,  while  in  the  other  a  slight  movement  of 
the  head  was  accompanied  by  a  peculiar  action  in  walking,  a  half  turn,  as  if 
she  were  looking  for  something  that  she  had  dropped. 

Respiratory  spasm  is  also  very  common  ;  there  may  be  a  sudden  inspira- 
tion, sometimes  accompanied  by  a  laryngeal  sound,  or  there  may  be  a  sud- 
den audible  sniff,  or  a  kind  of  sob.  These  may  be  combined  with  some 
other  action.  Thus  in  a  boy  of  eleven, "a  quick  movement  of  the  mouth 
alternated  with  closure  of  the  eyes,  or  with  a  sudden  inspiration  that  was 
attended, by  a  slight  nasal  snore.  A  peculiar  cough  is  also  common  in  these 
cases ;  often,  it  has  a  laryngeal  character,  and  it  may  be  extremely  trouble- 
some. It  is  occasionally  first  excited  by  some  laryngeal  catarrh  and  actual 
cough.  One  boy  began  by  making  a  noise  in  his  throat  every  few  minutes, 
half  cry,  half  cough,  so  loud  that  it  could  be  heard  outsi.de  the  house ;  he 
said  that  it  was  occasioned  by  a  sense  of  difficulty  in  breathing.  It  con- 
tinued for  two  years,  and  then  ceased,  but  soon  afterward  twitching  com- 
menced in  the  left  side  of  the  mouth,  and  gradually  extended  to  the  whole 
of  the  left  half  of  the  body,  and  this  continued,  varying  in  degree,  for  a 
year.  Occasionally  rjiese  laryngeal  sounds  are  repeated  several  times  in 
succession.  In  a  case  recorded  by  Blachez  the  noise  made  was  a  piercing 
cry,  compared  to  the  squeak  of  the  child's  toy,  but  much  louder. 

These  habit  movements,  as  we  have  already  seen,  usually  cease  after  a 
time,  but  they  sometimes  persist,  and  become  a  source  of  great  annoyance 
to  a  patient  who  has  reached  adult  life.  The  inability  to  control  them  by 
an  effort  of  the  will  becomes  very  marked  in  such  cases.  In  one  instance 
a  girl,  who  began  to  blink  the  eyes  in  early  childhood,  still  did  so  at  nine- 
teen. In  another  case,  a  clergyman  of  thirty-seven  was  greatly  annoyed  by 
an  involuntary  smile,  of  somewhat  meaningless  aspect,  which  would  cross  his 
face  from  time  to  time,  without  the  slightest  corresponding  emotion,  and 
even  when  he  was  engaged  in  reading  in  public  the  most  solemn  parts  of  the 
Church  service.  It  never  troubled  him  when  he  was  preaching  or  in  con- 
versation, but  it  often  occurred  when  he  was  looking  at  another  person,  and 
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sometimes  gave  rise  to  misconception.  It  commenced  at  the  age  of  six- 
teen, and  was  at  first  more  than  a  smile,  being  actual  laughter,  but  it  gradu- 
ally subsided  into  its  permanent  form.  In  another  case  a  lad  of  eight  began 
to  suffer  from  twitchings,  now  in  one  arm,  now  in  the  other,  two  or  three 
quick  movements  at  a  time.  Such  movements  persisted,  changing  their 
form,  until  he  came  under  observation  at  twenty-four,  when  he  presented 
frequent  movements  of  the  face,  elevation  of  the  eyebrows,  twitching  of 
eyes,  etc.,  and  occasionally  a  sudden  up  and  down  movement  of  the  jaw. 
He  could  prevent  them  "when  he  thought  of  it,"  but  when. his  mind  was 
otherwise  occupied  the  spasm  increased.  Again,  a  young  man,  aged  twenty- 
two,  presented  frequent  winking  of  the  eyes  and  movement  of  the  mouth, 
which  had  existed  for  ten  years,  and  had  succeeded  a  peculiar  condition  that 
began  at  ten  years  old,  in  which,  besides  twitching  movements  of  the  hands, 
he  had  an  irresistible  impulse  to  repeat  actions ;  if  he  had  touched  an  object 
he  felt  obliged  to  touch  it  again. 

These  habit  spasms  are  generally  increased  by  observation,  and  it  is  very 
important  that  little  notice  should  be  taken  of  them  by  the  friends  of  the 
patient.  Sometimes  the  movements  will  then  cease  without  further  treat- 
ment. They  are  seldom  under  direct  voluntary  control,  and  the  endeavor 
to  prevent  their  occurrence  may  be  futile,  especially  if  the  attempt  is  made 
under  the  influence  of  fear  of  threatened  punishment.  But  the  promise  of 
a  reward  at  the  close  of  each  day  on  which  the  spasm  has  not  occurred  will 
sometimes  gradually  cause  their  disappearance ;  a  strong  desire,  free  from 
any  depressing  emotion,  effects  that  which  the  will  cannot  directly  achieve. 
Any  obvious  defect  in  the  general  health  must  be  made  good,  and  change  of 
air  is  often  very  beneficial,  especially  when  a  change  in  companionship  can 
be  secured  at  the  same  time.  The  deterring  influence  of  strangers  is  often 
very  marked.  Of  drugs,  arsenic  has  certainly  most  influence.  Weir  Mitch- 
ell has  known  the  hypodermic  injection  of  arsenic  to  succeed,  when  other 
things  failed.  Nerve  tonics,  such  as  quinine  and  strychnia,  may  with  advan- 
tage may  be  added.  If  there  .is  much  excitability  of  brain,  or  if  the  spas- 
modic movements  are  severe,  bromide  of  potassium  may  be  needed,  and  it 
is  especially  useful  for  the  spasmodic  cough.  Occasionally  a  local  blister  is 
of  service,  and  gymnastics  may  be  employed  when  the  spasm  is  in  the  limbs. 
The  smiling  clergyman  mentioned  above  ceased  to  be  troubled  after  he  had, 
for  a  few  weeks,  taken  some  arsenic  and  iodide  of  iron,  and  a  dose  of  bromide 
each  time  he  had  to  conduct  the  service  in  church. 


PARALYSIS  AGITANS. 
Paralysis  Agitans,  or  Shaking  Palsy,  is  a  disease  of  the  second  half  of  life, 
characterized  by  the  symptoms  indicated  by  its  name,  muscular  weakness 
and  tremor,  and  also  by  muscular  rigidity.  The  symptoms  usually  com- 
mence locally  and  gradually,  but  tend  to  spread  and  to  become  general. 
From  the  fact  that  it  was  first  fully  described  by  Parkinson  in  1817,  it  has 
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been  called  "Parkinson's  disease,"  but  the  name  which  he  gave  to  it,  of 
"  shaking  palsy,"  is  both  apt  and  adequate.* 

Causes. — The  disease  is  more  frequent  in  men  than  in  women,  the  propor- 
tion being  as  five  to  three.  Of  eighty  cases  of  which  I  have  notes,  fifty 
were  men  and  thirty  women.  It  usually  commences  after  forty  years  of  age. 
Nearly  half  the  cases  begin  between  fifty  and  sixty,  and  about  one-fifth  in 
each  of  the  two  decades,  forty  to  fifty  and  sixty  to  seventy,  but,  on  account 
of  the  lessened  number  of  persons  living,  it  is  probably  twice  as  frequent  in 
the  latter  as  in  the  former  decade.  It  occasionally  begins  between  thirty 
and  forty,  very  rarely  under  thirty,  f  Cases  have  been  recorded  in  which 
the  disease  began  still  earlier,  as  at  twenty-one  (Buzzard),  nineteen  (Du- 
chenne),  and  seventeen  (Berger).  Over  sixty-five  it  is  rare;  my  series 
includes  one  case  beginning  at  sixty-seven,  and  two  at  sixty-nine,  but  no 
later  one.  It  is  thus  essentially  a  disease  of  the  degenerative  period  of  life, . 
but  not  of  extreme  senility.  Little  variation  exists  between  the  sexes  in  their 
relative  liability  at  different  ages.  I  have  found  the  average  age  at  com- 
mencement to  be  the  same  in  each  sex,  fifty-two  years. 

Heredity  can  seldom  be  traced,  perhaps  in  not  more  than  fifteen  per  cent. 
This  is  the  proportion  in  my  cases  and  also  in  s.  series  of  cases  observed  by 
Berger.J  Although  the  proportion  seems  small, §  yet  in  some  instances  a 
strong  history  of  allied  affections  shows  that  hereditary  influence  may  be 
powerful.  The  sister  of  one  patient,  and  the  mother  of  another,  suffered 
from  paralysis  agitans,  and  the  brother  of  a  third  was  said  to  have  suffered 
all  his  life  from  a  peculiar  non-progressive  form  of  tremor.  In  other  cases 
there  has  been  a  history  of  insanity  or  epilepsy  in  near  relatives.  The  dis- 
ease has  been  thought  to  be  more  frequent  in  the  "  laboring  "  classes,  but  . 
the  influence  of  station  in  life,  and  also  of  occupation,  has  been  certainly 
exaggerated  by  some  writers. 

Exciting  causes  cannot  be  traced  in  more  than  one-third  of  the  cases,  and 
vary  much  in  character.  The  most  frequent  are  emotion,  physical  injury, 
and  acute  disease.  Prolonged  anxiety  and  severe  emotional  shock  often 
precede  the  onset.  Sudden  alarm  may  cause  general  tremor,  so  that  the  verb 
"to  tremble"  is  in  process  of  conversion  into  a  synonym  with  "  to  fear." 
Usually  the  tremor  subsides  when  the  alarm  is  over,  but  it  has  been  known 

*  To  the  name  "paralysis  agitans,"  it  has  been  objected  by  Charcot  that  either  the  weak- 
ness or  tremor  is  sometimes  slight  and  occurs  late;  but  this  fact  does  not  lessen  the  general 
applicability  of  the  name,  since  in  the  majority  of  the  cases  both  symptoms  are  conspicuous. 

f  Of  my  cases,  one-ninth  began  between  30  and  40,  and  only  one  between  20  and  30, 
and  that  was  at  29. 

%  Eulenburg's  "  Real  Encyclopaedia.'' 

\  In  senile  maladies  the  facts  that  can  be  ascertained  regarding  heredity  probably  fall 
short  of  the  truth  to  a  greater  extent  than  in  the  maladies  of  earlier  life,  because,  as  life  goes 
on,  the  death  of  older  relations  lessens  the  opportunities  of  ascertaining  the  facts.  It  is  often 
astonishing  how  much  disease  inquiry  sometimes  reveals  in  the  families  of  those  who  imagine, 
before  the  inquiry  is  made,  that  they  are  absolutely  free  from  all  morbid  heredity,  so  carefully 
have  unpleasant  facts  been  concealed  by  those  to  whom  thev  are  known. 
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to  persist  and  develop  into  this  disease.  It  is  noteworthy,  moreover,  that 
the  direction  of  alarm  may  localize  the  commencement  of  the  affection. 
A  remarkable  example  of  this  was  presented  by  a  woman,  who,  at  thirty- 
seven  years  of  age,  was  sitting  quietly  at  work,  when  a  stream  of  water  sud- 
denly flowed  from  a  tap  on  to  her  left  wrist.  She  was  much  startled  ;  the 
left  arm  immediately  began  to  shake,  and  the  tremor  persisted,  passing  to 
the  leg  and  afterward  to  the  limbs  on  the  opposite  side.  When  I  saw  her, 
a  year  later,  she  presented  all  the  characters  of  the  disease  in  its  typical  form. 
Physical  injury  is  occasionally  a  distinct  excitant,  but  it  must  be  remembered 
that  this  usually  involves  also  emotional  shock.  That  the  physical  injury  is 
not  merely  coincident  is  shown  by  the  fact  that  the  tremor  usually  com- 
mences in  the  part  injured.  Thus,  in  two  of  my  cases  the  exciting  cause 
was  a  fall  on  the  shoulder,  and  in  each  the  tremor  commenced  in  the  arm 
injured.*  A  contusion  of  the  thigh  has  been  followed  by  tremor  in  the  limb, 
ultimately  becoming  general  (Charcot).  The  disease  has  also  followed  an 
injury  to  the  radial  nerve  (San  Martin).  Injury  may  determine  the  spread  of 
tremor  which  has  already  commenced.  Thus  in  one  case,  recorded  by  Char- 
cot, dislocation  of  the  jaw,  immediately  reduced,  was  followed  by  tremor  in 
it,  which  persisted.  Traumatic  influences  sometimes  seem  to  be  effective  by 
the  concussion  of  the  nerve  centres.  In  one  of  the  most  severe  cases  I  have 
seen,  which  commenced  at  forty,  the  only  traceable  cause  was  a  fall  from  a 
horse  four  months  before  the  onset ;  there  was  no  injury  to  limb.  I  have 
seen  one  other  similar  case.  Muscular  exertion  seems  to  have  far  less  influ- 
ence than  might  be  anticipated  from  the  effect  of  prolonged  and  unaccus- 
tomed effort  in  causing  tremor.  It  seemed  to  determine  the  onset  in  one 
case  in  which  emotion  probably  cooperated ;  a  woman  was  much  shocked 
at  a  neighbor  being  killed  in  a  railway  accident ;  she  went  to  the  funeral, 
carrying  a  heavy  child  on  the  left  arm  ;  the  arm  felt  very  tired  afterward, 
and  the  feeling  of  fatigue  persisted  and  gradually  changed  to  one  of  stiff- 
ness, which  proved  to  be  the  local  commencement  of  paralysis  agitans. 
Exposure  to  cold  was  the  apparent  cause  in  one  or  two  recorded  instances. 
Of  acute  diseases,  I  have  known  dysentery  and  typhoid  fever  to  precede  the 
onset.  Malaria  is  commonly  regarded  as  one  of  the  causes  of  the  disease, 
but  on  evidence  which  is  not  conclusive.  Paralysis  agitans  is  more  frequent 
in  England,  where  ague  is  almost  unknown,  than  in  most  malarious  countries. 
I  have  seen  one  case  in  which  the  disease  followed  repeated  attacks  of  remit- 
tent fever,  but  the  patient  was  at  the  same  time  (during  the  American  war) 
exposed  to  great  privation  and  fatigue.  Sexual  excess  is  perhaps  a  rare  cause 
in  comparatively  young  persons  (Buzzard).  Toxic  influences  which  cause 
general  tremor  (alcohol,  lead,  brass-working,  etc.)  seem  to  have  little  if 
any  influence  in  producing  true  paralysis  agitans. 

Symptoms. — In  a  well-marked  case  of  this  disease,  such  as  is  shown  in  Fig. 
316,  the  aspect  of  the  patient  is  very  characteristic.     The  head  is  bent 


*  In  one  curious  case  the  arm  in  which  th%symptoms  commenced  had  been  the  seat  of 
slight  tremor  since  a  burn  of  the  palm  in  youth. 
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forward,  and  the  expression  of  the  face  is  anxious  and  fixed,  unchanged  by 
any  play  of  emotion.  The  arms  are  slightly  flexed  at  all  joints,  from  mus- 
cular rigidity,  and  (the  hands  especially)  are  in  constant  rhythmical 
movement,  which  continues  when  the  limbs  are  at  rest,  so  far  as  the  will 
is  concerned.  The  tremor  is  usually  more  marked  on  one  side  than  on  the 
other.  Voluntary  movements  are  performed  slowly  and  with  little  power. 
The  patient  often  walks  with  short,  quick  steps,  leaning  forward  as  if 
about  to  run. 

A  prodromal  stage  characterized  by  rheumatoid  and  neuralgic  pains  is 
met  with  or  precedes  the  onset  in  rare  cases.  Usually  the  initial  symptoms 
come  on  very  gradually,  as  tremor,  stiffness  or  weakness,  in  one  hand.     The 

Fig.  316. 


Paralysis  Agitans.    {After  St.  Leger.) 

tremor  may  at  first  only  occur  on  emotion  or  fatigue,  but  is  afterward 
constant,  and  slowly  spreads  from  the  part  in  which  it  was  first  noticed. 

In  the  majority  of  cases  (two-thirds)  the  tremor  precedes  the  weak- 
ness ;  occasionally  this  relation  is  reversed.  Of  sixty-three  cases  in  which 
the  mode  of  onset  was  noted,  it  was  by  tremor  alone  in  forty-six,  and  by 
weakness,  with  or  without  a  sense  of  "stiffness,"  in  eleven,  while  both 
seemed  to  come  on  together  in  six.  The  commencement  is  four  times  as 
frequently  in  the  arm  as  in  the  legs,  very  seldom  in  both  (arm  sixty-one, 
leg  nine,  both  five  cases),  and  more  frequently  in  the  left  arm  than  in  the 
right  (left  thirty-five,  right  twenty-six).* 


*  In  my  cases  the  affection  began  in  the  le^ft  leg  more  frequently  than  in  the  right,  but  the 
numbers  are  too  small  to  justify  the  inference  that  this  is  the  rule. 
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In  the  arm  the  tremor  usually  commences  in  the  hand,  sometimes  in  the 
forefinger  and  thumb,  but  I  have  met  with  four  otherwise  typical  cases  in 
which  it  began  in  the  shoulder.  In  two  of  these  the  cause  was  a  fall  on 
the  shoulder.  From  the  part  first  affected  the  tremor  slowly  spreads,  and 
the  usual  mode  of  extension  is  from  the  arm  to  the  leg  on  the  same  side, 
next  to  the  opposite  arm,  and  lastly,  to  the  opposite  leg.  The  disease  is 
.thus  hemiplegic  in  its  progress.  Much  less  commonly  the  opposite  arm  is 
affected  before  the  leg  on  the  same  side.*  I  have  known  the  symptoms  to 
extend  to  the  leg  on  the  same  side  and  thence  to  the  opposite  leg,  and  it 
has  been  known  to  pass  from  .the  arm  on  one  side  to  the  leg  on  the  other. 
The  extension  from  arm  to  leg  on  each  side  is  by  far  the  most  common 
course. 

When  the  disease  begins  in  the  leg,  the  march  of  the  tremor  is  less  uni- 
form. In  two  the  extension  was  from  the  leg  to  the  arm  on  the  same  side 
and  then  to  the  opposite  arm.  In  two  cases  it  was  to  the  other  leg,  then  to 
the  arm  on  the  side  first  affected,  and,  lastly,  to  the  other  arm.  In  one  case, 
in  which  the  tremor  passed  from  the  leg  to  the  arm  on  the  same  side,  it  com- 
menced at  the  shoulder  and  continued  greatest  in  the  upper  part  of  the  arm, 
a  point  of  interest  in  connection  with  the  fact  that  not  uncommonly  in 
hemiplegia,  when  the  leg  suffers  more  than  the  arm,  the  upper  part  of  the 
arm  is  paralyzed  in  greater  degree  than  the  hand.  Often,  when  the  affection 
begins  in  the  leg  and  passes  to  the  arm,  it  speedily  attains  a  much  greater 
degree  in  the  latter  than  in  the  former. 

The  weakness  and  fixation  of  limb  usually  succeeds  the  tremor,  and  is 
greatest  where  the  tremor  has  existed  longest  and  is  most  marked.  In 
exceptional  cases,  however,  the  loss  of  power  and  rigidity  precede  the 
tremor  at  the  onset,  and  still  more  frequently  are  marked  in  parts  to  which 
the  tremor  has  not  yet  extended.  Thus,  in  one  case  in  which  the  tremor, 
beginning  in  the  left  arm,  passed  to  the  left  leg  and  then  to  the  right  leg  and 
was  absent  in  the  right  arm,  the  latter  was  much  weaker  than  the  leg.  On 
the  other  hand,  there  is  sometimes  little  weakness  although  there  is  much 
tremor.     The  several  symptoms  may  now  be  considered  in  greater  detail. 

The  tremor  is  an  alternating  contraction  in  opposing  muscles,  causing  a 
rhythmical  movement  of  the  parts  to  which  they  are  attached.  It  is  usually 
greatest  in  the  hands  and  fingers,  partly  from  the  contraction  of  the  forearm 
muscles,  partly  from  that  in  the  interossei ;  the  latter  causes  a  movement  of 
the  fingers  at  the  metacarpo-phalangeal  joints  similar  to  that  by  which  Ori- 
entals beat  their  small  drums.  This  movement  may  be  chiefly  in  the  thumb 
and  forefinger,  which  may  move  as  in  the  act  of  rolling  a  small  object 
between  their  tips.  Not  very  rarely  the  movement  is  chiefly  at  the  wrist, 
lateral  or  antero-posterior,  or  there  is  distinct  pronation  and  supination. 
The  muscles  of  the  upper  arm  are  usually  less  affected  and  those  of  the  shoul- 


*  One  such  case  deviated  from  the  ordinary  type,  in  that  the  upper  arm  muscles  were 
more  affected  than  those  of  the  forearm,  and  the  intrinsic  muscles  of  the  hands  were  free 
from  spasm. 


1000  PARALYSIS   AGITANS. 

der  still  less.     In  exceptional  cases,  as  already  mentioned,  the  upper  part  of 
the  arm  is  most  affected  and  the  tremor  is  less  in  the  forearm  and  still  less 
in  the  hand.     In  one  such  case  the  chief  contractions  were  in  the  pectoralis, 
deltoid,  and  teres  major,  slighter  in  the  triceps  and  biceps,  and  very  slight 
in  the  forearm  muscles.*     In  the  legs  the  tremor  is  usually  greatest  in  the 
muscles  moving  the  ankle  joint,  and  the  heel  may  beat  the  floor  as  the 
patient  is  sitting ;  it  is  slight  in  the  toes,  but  may  be  distinct  in  the  thigh, 
sometimes  in  the  adductors,  sometimes  in  the  flexors  of  the  knee.     The 
trunk  muscles,  especially  those  of  the  back,  are  occasionally  involved.     I 
have  never  met  with  tremor  in  the  muscles  of- the  abdomen,  even  when  the 
lumbar  muscles  were  distinctly  affected.      Usually  the  head  is  free  from 
tremor  except  such  as  may  be  communicated  to  it  from  the  distant  oscilla- 
tion.    It  does  not,  however,  always  escape,  as  some  have  asserted.     In  per- 
fectly characteristic  cases  of  paralysis  agitans  the  head  may  present  distinct 
tremor  in  consequence  of  contractions  in  the  trapezius,  splenius,  and  even 
in  the  sterno-mastoids — contractions  which  may  be  distinctly  felt.     I  have 
once  met  with  a  slight  rotatory  tremor  of  the  head  due  to  the  deeper  muscles. f 
The  masseters  are  occasionally  affected,  causing  a  movement  of  the  jaw, 
which  may  amount  to  one-sixth  of  an  inch ;  the  contractions  may  be  greater 
on  the  side  on  which  the  limbs  are  most  involved.     The  jaw   is  usually 
affected  late — after  the  limbs,  but  in  one  case  the  affection  of  the  jaw  came 
on  after  the  limbs  on  one  side  were  involved  and  before  the  affection  spread 
to  those  on  the  other  side.     Occasionally  the  tongue  is  affected  ;  very  rarely 
the  muscles  of  the  face.     I  have  once  seen  distinct  persistent  tremor  in  the 
orbicularis  palpebrarum,  and  tremor  in  the  lower  facial  muscles  has  been 
noted  by  Westphal.  When  there  has  been  tremor  of  the  tongue  I  have  never 
detected  any  movement  in  the  soft  palate. 

The  movement  varies  much  in  its  range.  It  may  be  so  slight  as  to  need 
close  observation  to  detect  it,  or  may  amount  to  two  inches  at  the  extremity 
of  the  fingers.  It  is  always  slight  at  the  commencement  and  increases  with 
the  progress  of  the  disease. 

The  time  of  the  movement  (according  to  many  tracings  that  I  have  taken) 
varies  from  about  4.8  to  7  complete  oscillations  per  second  (see  Fig.  317). 
-  It  lessens  in  frequency  as  it  increases  in  range ;  the  fine  tremor  of  the  early 
stage  is  often  distinctly  quicker  than  the  coarser  tremor  of  the  later  period. 
Thus  in  an  early  case,  the  very  fine  tremor  varied  from  6.4  to  7  oscillations 
per  second,  whereas  in  a  later  case,  with  a  range  of  movement  of  the  hand 
from  one  to  two  inches,  the  frequency  was  from  5  to  5.4  per  second.  The 
tremor  in  the  leg  has  nearly  the  same  rate  as  that  in  the  arm  in  the  same 
case.  In  one  patient  the  frequency  in  the  arm  was  6  per  second  and  that 
in  the  leg  was  6.8.     The  degree  of  movement  is  sometimes  very  uniform,  in 

*  I  may  remark  that  in  all  the  exceptional  cases  mentioned  in  the  text,  the  diagnosis  of  the 
disease  was  certain ;  all  doubtful  cases  have  been  excluded. 

f  Slight  but  distinct  tremor  can  indeed  be  felt  on  the  neck  muscles  not  at  all  rarely.  Since 
I  have  carefully  searched  for  it,  I  have  found  it  in  no  less  than  eight  out  of  thirty- seven  cases. 
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others  it  is  somewhat  irregular,  but  it  never  approaches  the  irregularity  of 
some  other  forms  of  tremor.     I  have  only  once  observed  a  tendency  to  a 
rhythmical  variation. 
The  great  characteristic  of  the  tremor  of  paralysis  agitans  is,  as  Parkinson 


Fig.  317. 
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Myographic  tracings  of  various  forms  of  tremor,  taken  directly  from  the  moving  parts. 

Reduced  to  one  half.* 
1.  Tremor  after  hemiplegia  ;  very  fine,  rather  irregular. 
2-6.  Paralysis  agitans  ;  2  and  3,  very  fine  tremor ;  3,  4,  5,  coarse  trtmor. 

7.  Insular  sclerosis ;  very  irregular  in  range,  although  regular  in  time. 

8.  General  paralysis  of  the  insane. 

9.  Hysterical  tremor. 

pointed  out,  that  it  continues  during  rest.  The  hands  go  on  moving  when 
they  are  resting  on  the  patient's  knee,  and  the  legs  when  he  is  sitting.  A 
voluntary  movement  may  stop  the  tremor  for  a.  few  seconds,  sometimes  for 


*  These  tracings  are  fairly  typical  of  a  large  number  I  have  taken  of  various  forms  of 
tremor. 
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many,  but  it  recommences  and  accompanies  the  movement.  Hence,  the 
patient's  handwriting  reveals  his  disease ;  the  letters  may  be  fairly  formed, 
but  every  line  is  a  zigzag.  In  slight  cases  the  irregularity  may  be  so  fine  as 
to  need  a  magnifying  glass  to  recognize  it.  By  an  effort  the  patient  can 
often  stop  the  shaking  for  a  moment,  but  it  then  recurs  with  augmented  vio- 
lence. Although  it  is  the  rule  for  the  tremor  to  continue  during  rest,  the 
rule  is  not  invariable  ;  exceptions  are  occasionally  met  with.  In  the  early 
stage  of  the  disease,  prolonged  rest  frequently  lessens  the  tremor  consider- 
ably, and  this  in  cases  in  which,  at  a  later  stage,  such  rest  is  without  influence. 
Moreover,  in  a  very  early  stage  of  the  disease,  the  tremor  may  be  distinct 
and  even  considerable  on  voluntary  movement,  and  may  almost  or  quite 
cease  as  soon  as  the  limbs  are  at  rest. 

Lastly,  rare  cases  are  met  with  in  which  the  disease  has  evidently  existed 
for  some  time,  and  yet  tremor  occurs  on  movement  only.  This  is  especially 
the  case  when  the  fixation  of  limb  preponderates  over  the  tremor.  Foi 
instance,  a  woman,  aged  sixty,  had  gradually,  during  four  years,  passed  into 
a  condition  in  which  the  features  had  become  expressionless ;  there  were  the 
characteristic  posture  and  slowness  of  movement  to  be  presently  described, 
considerable  weakness  of  limb,  and  great  sense  of  heat.  During  rest,  there 
was  no  conspicuous  shaking,  and  only  the  finest  possible  tremor  could  be 
discerned  in  the  right,  the  weaker,  hand.  But  every  voluntary  movement 
was  attended  by  regular,  coarse,  typical  tremor,  and  this  not  only  in  the 
limbs,  but  in  the  masseters,  face  and  tongue.  In  another  case,  with  constant 
tremor  in  the  fingers,  tremor  at  the  elbow  joint  occurred  only  on  movement. 
I  have  known  the  tremor  in  one  hand  to  be  constant,  and  in  the  other,  last 
and  least  affected,  to  occur  only  on  movement.  Rarely  fine  tremor  during 
rest  becomes  coarser  during  movement.  It  must,  therefore,  be  remembered 
that  the  persistence  of  the  tremor  during  rest,  although  usual,  is  not  univer- 
sal, and  its  limitation  to  or  increase  by  voluntary  movement  does  not  dis- 
prove the  indication  of  other  symptoms  that  the  case  is  one  of  paralysis 
agitans. 

If  the  tremor  is  unilateral,  and  the  shaking  of  the  hand  is  prevented  by 
force,  the  other  hand,  previously  free,  usually  begins  to  shake.  The  same 
result  may  follow  the  arrest  of  the  movement  by  an  effort  of  the  will,  if  this 
can  be  effected.  Sleep  usually  brings  stillness  to  the  shaking  limbs,  and  this 
although  the  tremor  is  considerable.  Now  and  then,  however,  some  tremor 
persists  during  sleep.  I  have  known  the  tremor  to  persist,  during  sleep,  in 
the  arm,  and  to  cease  in  the  leg.  In  rare  cases  there  are  paroxysmal  exacer- 
bations of  the  tremor,  excited  especially  by  emotion. 

Muscular  weakness  and  rigidity  usually  com.e  on  together,  and  are  as  char- 
acteristic of  the  disease  as  is  the  tremor.  The  loss  of  power  varies  much  in 
degree.  At  first  slight,  it  gradually  increases,  and  is  usually  greatest  in  the 
part  in  which  the  tremor  developed  first  and  most.  The  patient  may  ulti- 
mately be  unable  even  to  move  the  index  of  the  dynamometer,  or  to  rise 
from  his  seat.  But  the  paralysis  is  never  absolute — some  power  always  per- 
sists.    Voluntary  movement  is  not  only  feeble ;  it  is  also  slow.     It  may  be 
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slow  in  execution,  or  there  may  be  a  delay  in  the  commencement  of  move- 
ments that  are  performed  with  fair  rapidity.  This  seems  to  be,  in  part  at 
least,  the  result  of  muscular  rigidity,  which  causes  a  resistance  to  passive 
movement.  Another  effect  of  the  rigidity  is  to  impress  certain  characteristic 
postures  on  the  limbs.  These  are  determined  by  the  fact  that  the  rigidity 
preponderates  in  certain  muscles,  chiefly  in  the  flexors.  The  arms  are  flexed 
at  the  elbow  joints,  sometimes  slightly,  sometimes  almost  at  a  right  angle. 
The  wrists  are  usually  slightly  extended.  The  position  of  the  fingers  varies ; 
in  some  cases  they  are  slightly  flexed  at  all  joints,  in  the  position  that  they 
naturally  assume  during  rest ;  more  often  they  are  flexed  at  the  metacarpo- 
phalangeal joints  and  extended  at  the  others,  from  preponderant  contraction 
in  the  interossei.*     There  may  even  be  over- extension  of  the  last  phalanx, 


Fig.  318. 


Fig.  319. 


Fig.  318. — Paralysis  'agitans.  Posture  of  hands  from  contracture  of  the  interossei :  a,  left  hand ;  b,  right 
hand.  In  the  left  hand  the  contracture  is  greater  than  in  the  other,  and  has  led  to  some  permanent  shorten- 
ing of  the  interossei,  so  that  the  fingers  cannot  be  extended  even  passively.  The  maximum  passive  exten- 
sion is  shown  ate. 

Fig.  319. — Contraction  of  fingers  in  paralysis  agitans.     Maximum  voluntary  extension. 


most  marked  in  the  thumb,  perhaps  because  of  the  pressure  of  the  tip  of  the 
thumb  against  the  first  finger.  Usually  the  rigidity  can  be  readily  overcome, 
but  in  extreme  cases  (as  shown  in  Figs.  318  and  319)  the  contracture  of  the 
interossei  may  go  on  to  the  unusual  degree  of  permanent  shortening,  so  that 
the  metacarpo-phalangeal  joints  cannot  be  passively  extended  beyond  a  right 
angle,  just  as  in  contraction  of  the  palmar  fascia.f  Occasionally  only  one 
finger  (as  the  index)  is  thus  affected.  In  the  legs  the  rigidity  involves  chiefly 
the  hip-  and  knee-joints,  causing  slight  flexion  of  each,  and  adduction  of  the 


*  In  rare  cases  the  digits  deviate  toward  the  ulnar  side,  as  in  chronic  rheumatoid  arthritis. 
+  The  contraction  in  these  cases  is  not  of  the  palmar  fascia.     Mr.  W.  Adams  was  good 
enough  carefully  to  examine  one  case  for  me,  and  fully  confirmed  this  statement. 


1004  PARALYSIS   AGITANS. 

thighs.  It  may  extend  to  the  feet,  and  even  cause  talipes  equino-varus,  and 
distortion  of  the  toes — extension  of  the  first,  and  flexion  of  the  other  pha- 
langes so  as  to  cause  a  claw-like  deformity.  Permanent  contraction  of  these 
muscles  is  very  rare,  but  I  have  known  each  foot  to  be  fixed  in  inversion. 

The  head  is  usually  carried  forward,  and  the  upper  part  of  the  spine  is  bent 
in  the  same  direction  (Fig.  316).  The  facial  muscles  seem  to  be  unable  to 
respond  to  the  varying  changes  of  emotion ;  the  expression  of  face  is  a  fixed, 
anxious  look,  unvaried  by  smile  or  frown.  In  very  rare. cases,  which  must 
be  regarded  as  paralysis  agitans,  the  head  is  bent  strongly  backward.  In  one 
such  case  the  affection  commenced  in  the  head,  but  I  have  seen  a  similar  case 
in  which  the  arms  first  suffered.  There  is  sometimes  a  difficulty  in  protrud- 
ing the  tongue. 

In  consequence  of  this  muscular  condition,  certain  complex  movements 
are  performed  in  a  peculiar  and  characteristic  manner.  One  of  these  is 
walking.  The  patient  rises  up  slowly  from  the  chair  with  head  and  shoulders 
bent  forward.  His  steps  are  short,  and  the  first  may  be  taken  slowly  and 
with  difficulty,  but  they  become  quicker  and  quicker,  until  the  patient  seems 
to  be  about  to  run  ("  festination  "),  and  often,  from  the  inclination  of  the 
body,  to  be  on  the  point  of  falling  forward  ("propulsion").  It  has  been 
thought  that  this  tendency  to  run  is  due  simply  to  the  forward  inclination  of 
the  body ;  the  patient,  as  Trousseau  expressed  it,  has  to  run  after  his  centre 
of  gravity,  but  that  this  is  not  the  whole  explanation  is  shown  by  the  fact  that 
some  patients,  suddenly  jerked  backward,  may  exhibit  a  tendency  to  walk 
backward,  which  they  are  unable  to  avoid  ("  retropulsion  "),  and  this  although 
they  stoop  forward^  It  is  indeed  not  uncommon  for  patients  to  be  able  to 
walk  backward  better  than  forward.  In  one  case  an  irresistible  tendency  to 
run  backward  existed  only  on  first  rising  in  the  morning.  Usually  the 
patients'  equilibrium  is  easily  disturbed,  and  even  when  they  walk  fairly  well, 
they  have  considerable  difficulty  in  turning  suddenly.  One  patient,  in  turn- 
ing, often  took  a  few  unintended  steps  to  one  side. 

The  slowness  of  muscular  action  is  usually  conspicuous  in  all  movements, 
but  it  rarely  affects  the  muscles  of  the  eyes.  If  the  patient  is  to  look  in  a 
given  direction,  the  eyes  are  instantly  turned,  while  the  head  slowly  follows 
them.*  Speech  has  usually  a  well-marked  characteristic :  the  voice  is 
monotonous,  being  no  more  varied  by  emotional  expression  than  is  the  face. 
There  is  a  delay  in  commencing  a  sentence,  but,  once  commenced,  the  words 
are  uttered  rapidly,  ofte,n  with  some  confluence  of  syllables;  there  is  "fes- 
tination "  in  speech  analogous  to  that  in  walking;  a  condition  the  opposite 
of  the  separation  of  syllables  met  with  in  disseminated  sclerosis.  It  is  as  if 
the  patient  tried  to  speak  with  a  minimum  of  exertion,  and  to  get  his  utter- 
ance over  as  soon  as  possible. 

As  already  stated,  although  the  weakness  and  rigidity  are  usually  second- 

*  Debove,  however,  has  noted  a  retardation  in  the  movement  of  the  eyes  which,  if  the 
patient  was  reading,  occasioned  a  characteristic  pause  at  the  end  of  each  line,  but  this  is 
extremely  rare. 
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ary  to  the  tremor,  they  may  come  first.  We  have  seen  that  they  precede 
marked  tremor  in  one-fourth  of  the  cases.  It  is  not  at  all  rare  for  them  to 
precede  the  tremor  in  parts  secondarily  affected.  Thus  a  patient  may  pre- 
sent the  ordinary  tremor  and  weakness  in  one  hand,  and  there  may  be  no 
tremor  in  the  other,  which  may  yet  be  weak  and  present  the  characteristic 
interosseal  position  and  slowness  of  movement.  When  the  rigidity  and 
weakness  constitute  the  first  symptom  of  the  disease,  they  sometimes  become 
general  before  the  tremor  is  conspicuous.  Often,  however,  in  such  cases 
slight  shaking  may  be  perceived  if  it  is  carefully  looked  for.  On  the  other 
hand,  there  is  sometimes  very  little  loss  of  power,  although  the  tremor  is 
great.  In  one  man,  for  instance,  with  severe  shaking  in  the  left  arm,  slight 
in  the  left  leg,  and  scarcely  any  in  the  right  arm,  the  grasp  of  the  right  hand 
was  sixty-two  kilogrammes,  and  that  of  the  left  was  fifty  six. 

The  myotatic  irritability  in  the  limbs  is  usually  normal,  the  knee  jerk  is 
not  increased,  and  although  the  foot,  when  resting  on  the  ground,  may  be 
jerked  by  clonic  spasm  in  the  gastrocnemius,  just  as  it  is  in  the  foot  clonus, 
no  clonus  can  be  obtained  by  passive  flexion  of  the  ankle.  In  exceptional 
cases,  however,  there  is  distinct  excess  in  these  contractions,  generally  lim- 
ited to  an  increase  of  the  knee  jerk ;  in  very  rare  instances  a  typical  foot 
clonus  can  be  obtained.  The  superficial  reflex  action  is  also,  as  a  rule,  nor- 
mal. The  sphincters  are  rarely  affected ;  occasionally,  in  the  advanced 
stage,  the  power  of  retaining  the  urine  is  weakened,  but  I  have  never  met 
with  actual  incontinence. 

The  nutrition  of  the  muscles  does  not  suffer  until  late  in  the  disease.  The 
continuous  activity  might  be  expected  to  lead  to  hypertrophy,  and  it  has 
been  said  to  occur,  but  it  is  doubtful  whether  there  is  ever  a  real  increase  in 
bulk.  In  most  cases,  as  the  disease  goes  on  and  rigidity  sets  in,  the  mus- 
cles lessen  in  size,  and  there  may  even  be  conspicuous  wasting.  The  elec- 
tric irritability  of  muscles  and  nerves  may  be  unchanged,  but  a  slight 
increase  may  often  be  detected  when'  the  unilateral  character  of  the  disease 
permits  comparison  with  the  other  side,  and,  at  a  late  period,  there  may  be 
a  slight  diminution  in  irritability.  I  have  seen  instances  of  both  these 
changes.  The  alteration  is  never  considerable,  and  is  always  the  same  to 
each  form  of  electricity. 

Sensory  and  Vasomotor  Symptoms. — Cutaneous  sensibility  is  never  affected 
in  paralysis  agitans,  but  subjective  sensations  are  frequent.  Aching  pains  in 
the  limbs,  more  or  less  "rheumatic"  in  character,  are  occasionally  com- 
plained of  in  the  early  stage,  and  they  may  correspond  in  seat  with  the 
commencing  tremor.  When  the  movement  is  considerable,  it  occasions  a 
great  sense  of  fatigue,  which  is  accompanied,  after  a  time,  by  extreme  rest- 
lessness, and  every  few  minutes  some  slight  change  of  posture  is  desired. 
Frequently  also  (in  three-quarters  of  the  cases)  there  is  some  abnormal  sensa- 
tion of  temperature.  The  most  common  is  a  sense  of  heat,  to  which  Char- 
cot first  directed  attention.  I  have  found  this  to  be  present  in  half  the  cases 
in  which  the  point  was  investigated  (twenty-two  out  of  forty-seven).  When 
slight,  it  may  only  cause  the  patient  to  dislike  hot  rooms  or  many  bed- 
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clothes ;  but  when  more  considerable  it  is  a  source  of  considerable  discom- 
fort, and  only  the  thinnest  covering  can  be  endured  at  night,  even  in  the 
depth  of  winter.  Such  sufferers  are,  as  a  rule,  more  comfortable  in  winter 
than  in  summer.  The  sensation  may  be  referred  to  the  interior  of  the  body, 
or  to  the  limbs,  and  sometimes  it  is  localized  in  the  most  affected  limb, 
especially  in  the  extremity.  One  patient,  whose  right  hand  alone  shook, 
complained  of  burning  heat  in  the  palm,  passing  up  the  radial  side  of  the 
forearm  to  the  bend  of  the  elbow.  Another,  with  tremor  in  the  left  arm, 
never  would  allow  this  arm  to  be  under  the  bedclothes.  Grasset  asserts  that 
this  local  sense  of  heat  is  always  the  accompaniment  of  an  actual  elevation 
of  the  peripheral  temperature,  which  is  higher  than  in  another  individual  in 
the  same  part ;  but  this  needs  confirmation  ;  the  general  temperature  of  the 
body,  as  a  rule,  is  normal.* 

The  sensation  of  heat  may  be  absent,  when  the  tremor  is  violent,  and  it 
may  precede  the  movement.  Thus  in  one  of  my  patients  the  sensation  pre- 
ceded any  tremor  for  four  years.  In  other  cases,  instead  of  a  feeling  of 
heat,  there  is  an  abnormal  sensation  of  cold;  the  patient  always  feels  chilly. 
This  is  only  half  as  common  as  a  sensation  of  heat  (eleven  out  of  forty- 
seven  cases).  I  have  even  known  sensations  of  cold  and  heat  to  alternate  ; 
in  one  case,  as  the  disease  progressed,  the  occasional  sensations  of  cold 
gradually  yielded  to  an  enduring  sense  of  warmth,  but  the  alternation  may 
persist  even  until  the  late  stages ;  at  one  time  the  patient  feels  cold,  and  at 
another  bursts  into  perspiration.  It  is  probable  that  these  sensations,  and 
the  local  elevation  of  temperature,  are  due  to  vasomotor  conditions,  f  The 
sense  of  heat  is  very  frequently  accompanied  by  increased  perspiration, 
which  may  be  general  and  profuse  on  the  least  exertion  of  mind  or  body. 
One  patient  could  not  dictate  the  simplest  letter,  even  in  winter,  without 
first  having  his  coat  taken  off,  so  intense  was  the  perspiration  caused.  Some- 
times sweating  is  local,  corresponding  to  the  sense  of  heat.  In  one  patient, 
with  left-sided  agitation,  the  left  axilla  was  always  wet  with  perspiration, 
while  the  right  was  always  dry.  This  phenomenon  sometimes  corresponds 
with  another  indication  of  disturbed  function  of  the  sympathetic,  a  small 
pupil.  In  unilateral  paralysis  agitans  I  have  five  times  seen  the  pupil  on  the 
affected  side  smaller  than  the  other,  and  in  one  of  these  cases  the  patient 
perspired  much  on  the  corresponding  side  of  the  head.  Frequently  both 
pupils  are  small,  but  this  may  be  merely  the  common  senile  myosis.  They 
always  act  to  light.  CEdema  of  the  legs  may  be  present  in  the  later  stages 
of  the  disease.  The  urine  is  sometimes  increased  in  quantity.  According 
to  Cheron  it  usually  contains  an  excess  of  phosphates. 

The  intellect  may  be  unaffected  throughout,  except  by  the  irritability 


*  I  have  once  found  the  affected  side  (in  which  there  was  an  intense  sense  of  heat)  .6°  F. 
warmer  than  the  other. 

f  It  is  also  possible  that  the  sensation  may  be  due,  in  part  at  least,  to  changes  in  the 
sensory  centres  of  the  brain,  and  that  the  vasomotor  disturbance  may  be  an  associated  effect 
of  these  or  other  central  changes. 
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which  usually  accompanies  the  physical  restlessness.  Often  there  is  mental 
depression ;  it.  may  be  difficult  to  say  whether  this  is  more  than  is  the  natu- 
ral result  of  the  physical  ailment.  Pronounced  mental  symptoms  are  occa- 
sionally present,  however,  in  the  later  stages  of  the  disease,  commonly 
limited  to  mental  Weakness  and  loss  of  memory,  but  sometimes  accompanied 
by  a  tendency  to  delusions. 

Varieties. — The  aspect  of  a  case  of  paralysis  agitans  varies  considerably, 
according  to  the  extent  and  distribution  of  the  symptoms,  which  led  Mar- 
shall Hall  to  distinguish  "  hemiplegic "  and  "paraplegic"  forms,  and  to 
these  a  "  monoplegic  "  form,  in  which  only  one  limb  is  affected,  has  been 
added  by  Berger.  These  are  not,  however,  varieties,  and  should  not  be 
described  as  such  ;  they  are  merely  stages  of  a  disease  which  tends  to  become 
universal.  The  aspect  of  the  case  is  also  influenced  by  the  kind  of  tremor, 
whether  fine  or  coarse.  It  is  influenced,  also,  by  the  amount  of  weakness  and 
fixation  of  limb,  and  the  relation,  in  point  of  time,  between  this  and  the 
tremor,  since,  as  already  mentioned,  the  general  aspect,  rigidity,  position 
of  limb,  and  muscular  weakness,  may  be  conspicuous  before  the  tremor  is 
perceptible.  It  is  this  feature  that  gives  rise  to  the  best-marked  variety  of 
the  disease. 

Complications. — An  attack  of  ordinary  hemiplegia  may  occur  during  the 
course  of  paralysis  agitans  without  evidence  of  any  closer  connection 
between  the  two  diseases  than  is  involved  in  the  patient's  age.  The  tremor 
lessens  or  disappears  during  the  acute  stage  of  the  paralysis,  but  returns  with 
power  of  movement,  and  often  becomes  much  greater  than  before  the  palsy, 
as  Parkinson  long  ago  pointed  out.  It  is  said  that  sudden  transient  hemi- 
plegic weakness  may  occur  from  time  to  time  without  any  lesion  being 
found  in  the  brain  to  explain  it  (Berger) ;  but  it  is  doubtful  whether  such 
attacks  have  had  any  real  connection  with  the  disease  they  accompanied. 
The  mental  failure,  common  in  slight  degree  in  the  later  stages  of  the  dis- 
ease, sometimes  occurs  early  and  impresses  a  special  character  on  the  aspect  of 
the  case.  I  have  once  met  with  convulsive  attacks  resembling  ordinary 
epilepsy,  as  a  complication  of  paralysis  agitans.  The  patient  was  a  woman, 
and  both  symptoms  commenced  at  the  same  time,  at  fifty-nine  years  of  age. 
Buzzard  has  recorded  a  case  in  which  there  was  a  semi-cataleptoid  condition 
of  the  limbs;  when  raised  they  remained  so  for  several  minutes  and  then 
slowly  fell.  Cramp  in  the  legs  and  soles  of  the  feet  is  very  troublesome  in 
some  cases. 

Course. — The  disease  is  always  chronic,  and  usually  progressive,  in  its 
course.  The  varieties  which  it  presents  in  its  mode  of  extension  have  been 
already  described.  The  rate  of  progress  is  sometimes  extremely  slow.  It 
may  remain  for  two  or  three  years  limited  to  the  limb  first  attacked.  Usu- 
ally, if  commencing  in  the  arm,  the  leg  on  the  same  side  is  involved  within 
two  years.  Sometimes  the  extension  to  the  leg  takes  place  in  two  or  three 
months,  and  occasionally  the  arm  and  leg  are  affected  at  the  same  time. 
The  date  of  extension  to  the  opposite  side  varies  from  six  months  to  three 
or  four  years  after  the  onset.     The  shortest  time  in  which  I  have  known  all 
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four  limbs  to  be  affected,  in  a  case  beginning  locally,  was  nine  months. 
Not  unfrequently  the  tremor  is  limited  to  one  arm  for  a  considerable  time 
and  then  rapidly  spreads.  For  instance,  in  one  case  the  left  arm  was  alone 
affected  for  two  years,  then  extension  to  the  leg  occurred,  and,  three  months 
later,  to  the  right  arm  and  leg.  In  other  cases,  again",  the  affection  may 
spread,  in  the  course  of  a  few  months,  from  the  arm  to  the  leg  on  the  same 
side,  and  two  or  three  years  may  elapse  before  the  other  side  suffers.  Usu- 
ally the  tremor  spreads  when  it  is  still  moderate  in  the  part  first  attacked, 
and  there  is  a  gradation  of  severity  in  the  different  limbs,  roughly  propor- 
tioned to  the  duration  of  the  tremor.  Sometimes,  however,  it  becomes 
severe  in  the  part  first  attacked  before  it  spreads,  or  it  may  be  slight  in  other 
parts  even  when  general,  and  intense  in  the  limb  in  which  it  began.  Very 
rarely  the  tremor  lessens  as  the  disease  advances,  and  rigidity  fixes  the 
limbs.  Thus,  in  one  patient,  as  the  second  hand  became  affected,  the  first 
became  stiff  and  rigid,  and  the  tremor  lessened  until  it  was  much  less  than 
in  the  second  arm.  The  variations  in  extension  are  thus  so  great  as  to  make 
it  difficult  to  foretell  the  course  of  a  commencing  case. 

Duration  and  Cause  of  Death. — Paralysis  agitans  does  not  directly  cause 
death,  and  the  advanced  age  of  most  of  its  subjects  renders  its  duration 
and  its  influence  in  shortening  life  difficult  to  determine.  It  usually  lasts 
several  years.  The  longest  case  which  has  come  under  my  own  observation 
had  existed  for  ten  years,  but  the  disease  has  been  known  to  last  for  thirty 
years.  Death  sometimes  occurs  from  exhaustion,  bedsores,  etc.,  in  the  later 
stage  ;  more  frequently  from  intercurrent  affections,  especially  of  the  respi- 
ratory organs,  facilitated  by  the  progressive  muscular  weakness,  which 
involves  the  thoracic  muscles  as  well  as  others.  The  tremor  has  been 
observed  to  cease  before  death. 

Pathological  Anatomy. — In  most  of  the  cases  of  paralysis  agitans  that 
have  been  examined  by  modern  methods  and  by  competent  observers 
(Charcot,  Westphal,  Berger,  etc.),  no  changes  have  been  discovered  in  the 
central  nervous  system  or  in  the  sympathetic  ganglia;  and  this,  although 
some  of  the  cases  were  well  marked  and  unilateral,  so  that  the  two  halves  of 
the  nerve  centres  could  be  compared.  This  fact  renders  it  doubtful  whether 
the  changes  described  by  some — for  the  most  part  older — observers,  had  any 
relation  to  the  disease.  An  hypertrophy  of  the  nerve  cells  of  the  pons 
Varolii,  which  was  described  by  Luys,  has  not  been  found  by  others.  An 
induration  of  the  pons,  medulla  and  cord  was  noted  by  Parkinson,  and  has 
since  been  reported  by  several  observers.  The  fact,  however,  that  until 
recently  insular  sclerosis  was  confounded  with  paralysis  agitans,  throws 
doubts  on  the  significance  of  these  observations. 

Pathology. — In  the  absence  of  any  anatomical  evidence  of  the  seat  and 
nature  of  the  disease,  the  pathology  of  paralysis  agitans  has  been  the  subject 
of  copious  speculation,  into  much  of  which  it  is  not  profitable  to  enter  at 
length.  The  facts  of  the  disease  suggest,  however,  certain  conclusions 
which  may  be  briefly  pointed  out.  We  are  justified  in  regarding  the  affec- 
tion as  one  of  the  central  nervous  system,  since  we  know  nothing  of  clonic 
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spasm  in  whole  muscles,  in  consequence  of  a  primary  disease  of  the  muscles 
themselves,  or  in  consequence  of  idiopathic  disease  of  the  nerves.  Such 
clonic  contractions  must  be  ascribed  to  the  abnormal  action  of  nerve  cells. 
Tonic  contractures  may  be  the  result  of  primary  muscular  changes,  but  they 
also  are  more  commonly  the  result  of  a  morbid  state  of  the  nerve  centres, 
and  the  correspondence  in  seat  of  the  clonic  spasm  and  contracture  of 
paralysis  agitans  makes  it  almost  certain  that  both  are  due  to  the  same 
cause  ;  the  fact  that  tonic  contracture  may  precede  clonic  spasm  prevents  us 
from  regarding  the  former  as  the  result  of  muscular  changes  induced  by  the 
latter.  That  the  morbid  action  is  not  primarily  in  the  spinal  cord  is  prob- 
able from  the  facts  that,  as  a  rule,  even  when  severe,  the  tremor  ceases 
during  sleep,  and  that  the  unilateral  commencement  and  hemiplegic  exten- 
sion are  unlike  those  of  spinal  cord  disease.  The  regions  which  have  been 
thought  to  be  the  seat  of  the  morbid  process,  by  different  authorities,  are 
the  pons,  the  corpora  quadrigemina  and  the  cerebellum.  Regarding  the  two 
former  the  theories  are  purely  speculative.  We  know  at  present  little  of 
the  function  of  the  large  amount  of  gray  matter  which  is  interspersed 
among  the  fibrous  tracts  of  the  pons,  or  the  symptoms  of  its  disease,  but  the 
effects  of  lesions,  degenerative  or  acute,  of  other  parts  of  the  pons  lend  no 
support  to  the  hypothesis.  Nor  have  symptoms  in  any  way  resembling 
paralysis  agitans  been  observed  in  disease  of  the  corpora  quadrigemina. 
The  theory  that  regards  the  cerebellum  as  the  part  affected  is  due  to  Dr. 
Hughlings  Jackson,  but  the  only  actual  fact  on  which  it  is  based  is  that  in 
some  rare  cases  of  cerebellar  disease  the  interosseal  position  of  the  hands 
has  been  conspicuous.  This  has  led  him  to  suppose  that  there  is  a  normal 
antagonism  between  the  cerebral  and  cerebellar  influence,  the  former  tend- 
ing to  cause  flexion  of  all  the  phalangeal  joints,  the  latter  flexion  of  the 
metacarpophalangeal  and  extension  of  the  others  by  the  interossei.  But 
the  symptom  is  extremely  rare  in  cerebellar  disease  ;  as  a  rule,  it  is  absent, 
and,  by  the  converse  process  of  reasoning,  it  might  with  equal  cogency  be 
ascribed  to  unantagonized  cerebral  influence.  The  same  posture  of  hand  is 
seen  in  tetany,  in  many  cases  of  post-hemiplegic  disorder  of  movement, 
and,  what  is  less  equivocal,  it  is  a  common  posture  of  the  hand  during 
epileptic  convulsions,  in  which  the  excess  of  nerve  force  is  certainly  not 
evolved  from  the  cerebellum.  If  we  turn  to  another  class  of  facts,  the 
cases  in  which  tremor  results  from  organic  disease  of  the  nervous  system,  we 
find  the  disease  situated,  as  a  rule,  within  the  cerebral  hemispheres,  in  the 
optic  thalamus,  posterior  part  of  the  internal  capsule,  foot  of  the  corona 
radiata  (Nothnagel),  parietal  lobe  of  the  cortex  (Chvostek),  and  island  of 
Reil  (Leyden). 

In  considering  further  the  indications  afforded  by  the  symptoms  as  to  the 
part  of  the  brain  that  is  the  seat  of  the  primary  disease,  the  first  obvious 
considerations  are  those  that  are  mentioned  in  the  discussion  of  the  path- 
ology of  chorea,  and  are  equally  applicable  to  paralysis  agitans.  If  we 
ascend  the  motor  path  from  the  spinal  cord,  the  first  nerve  cells  we  meet  are 
those  of  the  motor  cortex,  and  if  the  stimulation  causing  the  tremor  comes 
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from  the  brain,  it  must  proceed  immediately  from  these  cortical  nerve  cells. 
The  question  then  presents  itself— Are  not  these  cells  the  primary  seat  of  the 
disease?  The  early  symptoms  of  paralysis  agitans  are  almost  exclusively 
motor,  and  there  is  nothing  in  them  that  is  inconsistent  with  their  origin  in 
the  cortex.  Their  peculiarities  must,  on  any  hypothesis,  be  due  less  to  the 
seat  than  to  the  nature  of  the  morbid  process.  The  only  sensory  symptoms 
that  are  present  are  secondary  in  time  and  inconstant  in  occurrence  ;  they 
are  therefore  probably  secondary  in  their  origin  and  distinct  in  their  causa- 
tion. We  do  not  at  present  know  on  what  they  depend,  or  whether  the 
abnormal  sense  of  temperature  is  due  to  derangement  of  the  sympathetic;,  or  is 
the  result  of  a  change  in  the  sensory  centres  in  the  brain.  In  the  occasional 
inequality  of  the  pupil,  which  is  smaller  on  the  most  affected  side,  we  have 
evidence  of  diminished  action  of  the  sympathetic,  and  the  local  increase  in 
temperature  occasionally  observed  may  have  a  similar  significance.  But 
we  know  of  no  mechanism  by  which  the  motor  symptoms  can  arise  from  a 
primary  derangement  of  the  sympathetic,  and  it  is  probable  that  this  is 
simply  secondary.  It  is  certain  that  the  functions  of  the  sympathetic  are 
represented  in  the  cortex,  and  may  be  deranged  by  cortical  disease.  Lastly, 
it  may  be  remarked,  but  without  laying  too  much  stress  on  the  point,  that 
the  tremor  of  fear,  which  bears  a  close  resemblance  to  that  of  paralysis 
agitans,*  is  most  readily  conceived  as  of  cortical  origin.  At  the  same  time 
it  must  be  remembered  that  all  disturbed  function  of  high  motor  centres  is 
expressed  through  lower  centres  (e.  g.  through  the  motor  nerve  cells  of  the 
spinal  cord)  the  functions  of  which  are  thus  disturbed  in  a  similar  though 
secondary  manner,  and  such  secondary  disturbance,  when  long  continued, 
may  tend  to  acquire  relative  independence. 

The  slight  change  in  the  electric  irritability  of  the  peripheral  nerves  may 
have  the  same  significance  as  in  chorea,  and  the  remarks  on  p.  978  are 
equally  applicable  to  paralysis  agitans.  The  structural  changes  in  the  mus- 
cles present  in  rare  cases  are  no  doubt  merely  the  result  of  their  long-con- 
tinued active  contraction 

The  precise  character  of  the  motor  disturbance  in  shaking  palsy  must 
depend  on  the  nature,  of  the  morbid  process.  This  is  apparently  one  that 
leads  to  a  treble  change.  There  is  the  intermitting  release  of  nerve  force, 
causing  the  tremor;  there  is  a  more  continuous  and  slighter  activity  of  the 
cells,  producing  the  rigidity  ;  and  there  is  lessened  capacity  for  activity, 
causing  the  weakness.  It  is  possible  that  these  are  the  result  of  slight  dif- 
ferences in  the  precise  character  of  the  morbid  change  in  the  same  cells. 
What  that  change  is  we  have  as  yet  no  indication.  The  persistence  of  the 
disturbance  of  function  shows  that  it  must  depend  on  changes  in  nutrition, 
but  these  are  apparently  far  too  fine  to  be  revealed  by  alterations  of  structure 
recognizable  by  the  microscope.  Their  relation  to  age  as  well  as  their  char- 
acter justifies  us  in  regarding  them  as  "degenerative,"  while  their  character 

*  The  resemblance  must  have  struck  any  medical  observer  of  the  state  of  a  person,  espe- 
cially a  woman,  who  has  just  been  through  a  sudden  and  conscious  danger. 
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on  the  one  hand,  and  the  negative  results  of  microscopical  research  on  the 
other,  alike  show  that  the  alterations  in  nutrition  must  begin  in  the  nerve 
elements  themselves.  Tremor,  no  doubt,  depends  immediately  on  physio- 
logical arrangements  in  the  nervous  system,  which  determine  the  relative 
action  of  antagonistic  muscles.  We  have  already  considered  this  question  in 
connection  with  the  pathology  of  nystagmus  (p.  628).  Every  contraction  of 
one  set  of  muscles  involves  a  related  contraction  of  their  opponents ;  this 
relation  doubtless  facilitates  the  production  of  alternating  movements,  and 
it  is  easy  to  conceive  that  tremor  may  result  from  its  derangement. 

Diagnosis. — When  its  symptoms  are  well  marked,  no  disease  is  more 
easily  recognized  than  paralysis  agitans.  The  patient's  aspect,  carriage  of 
body  and  limb,  and  continuous  movement,  make  up  an  unmistakable  picture. 
A  difficulty  sometimes  arises  in  cases  in  which  at  first  the  tremor  is  absent, 
and  the  disease  is  indicated  only  by  the  loss  of  power  and  the  fixity  of 
feature  and  of  limb,  the  slowness  of  movement,  and  the  forward  stoop.  A 
knowledge  of  the  significance  of  these  symptoms,  which  are  as  character- 
istic as  is  the  tremor,  will  prevent  error.  The  greatest  difficulty  is  when 
weakness  and  stiffness  of  the  limbs  come  on  without  the  usual  attitude  and 
facial  expression,  and  especially  if  there  is  also  chronic  mental  failure.  The 
absence  of  increase  in  the  myotatic  irritability  constitutes  a  difference  from 
most  other  diseases  causing  similar  weakness,  but  in  some  cases  it  is  neces- 
sary to  wait  for  a  time  before  a  certain  diagnosis  can  be  made. 

In  some  cases  the  weakness  of  the  legs  is  the  chief  source  of  incon- 
venience to  the  patient,  and  the  case  may  be  thought  at  first  to  be  one  of 
disease  of  the  spinal  cord,  but  attention  to  the  state  of  the  arms  and  face 
will  generally  show  the  nature  of  the  case,  and  slight  tremor  can  often  be 
detected  on  close  examination. 

There  are  certain  other  diseases,  however,  from  which  there  may  be  a 
difficulty  in  distinguishing  cases  that  are  not  very  well  marked.  Old  persons 
sometimes  present  fine  tremor  of  limb  which  bears  considerable  resemblance 
to  that  of  commencing  paralysis  agitans,  but  does  not  present  the  same 
tendency  to  increase,  or  the  associated  rigidity.  This  "senile  tremor" 
occurs  chiefly  in  extreme  old  age,  while  paralysis  agitans  usually  commences 
somewhat  earlier.  In  senile  tremor  the  head  is  especially  affected,  and  often 
is  the  part  in  which  the  shaking  commences,  while  in  paralysis  agitans  it 
usually  escapes,  and  its  affection  is  always  slight.  Senile  tremor  often  com- 
mences on  both  sides,  paralysis  agitans  almost  always  on  one.  There  is  not, 
however,  any  sharp  line  of  demarcation  between  the  two  affections,  and  it  is 
difficult  to  say  in  which  category  some  cases  should  be  placed. 

In  "disseminated"  or  "insular"  sclerosis,  tremor  occurs  on  movement 
only,  and  is  usually  more  jerky  and  irregular  in  character  than  in  paralysis 
agitans.  In  the  cases  of  shaking  palsy  in  which  the  tremor  ceases  during 
rest,  there  are  the  general  aspect,  carriage,  and  rigidity,  which  are  absent  in 
disseminated  sclerosis.  Moreover,  insular  sclerosis  usually  occurs  before, 
paralysis  agitans  after  thirty-five.  In  the  former  the  head  is  usually  con- 
spicuously affected,  and  there  is  nystagmus,   a  symptom  unknown  in  the 
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latter.  In  sclerosis,  articulation  is  syllabic ;  in  paralysis  agitans  the  words 
are  uttered  quickly  and  there  is  a  tendency  to  run  them  together,  rather 
than  to  separate  the  syllables.  In  the  majority  of  cases  these  indications 
will  enable  the  diagnosis  to  be  made  without  difficulty.  In  very  rare  cases 
(Herterich,  Schultze)  insular  sclerosis  has  been  found,  although  the  symp- 
toms of  paralysis  agitans  were  present  during  life,  but  it  is  highly  probable, 
in  one  case  at  least,  that  the  coincidence  was  accidental. 

The  tremor  that  succeeds  hemiplegia  is  fine,  and  is  limited  to  the  seat  of 
paralysis,  of  which  there  is  the  history  to  guide  the  diagnosis.  The  differ- 
ences between  clonic  retrocollic  spasm*  and  paralysis  agitans  might  seem  to 
preclude  the  possibility  of  error.  But  the  rare  cases  of  paralysis  agitans  in 
which  the  head  is  carried  backward  may  be  mistaken  for  retrocollic  spasm, 
and  the  finer  clonic  form  of  retrocollic  spasm  may  also  (as  I  have  seen)  be 
mistaken  for  paralysis  agitans.  The  diagnosis  rests  on  the  characteristic 
affection  of  the  hands  in  paralysis  agitans,  which  commonly  precedes  the 
affection  of  the  head,  on  the  limitation  of  the  spasm  to  the  muscles  moving 
the  head  in  retrocollis,  and  on  the  fact  that  in  this  disease  there  are  con- 
tractions in  the  frontal  muscles,  synchronous  with  those  at  the  back  of  the 
neck. 

The  Prognosis  of  a  typical  case  of  paralysis  agitans  is  very  unfavorable, 
so  far  as  recovery  is  concerned.  The  disease  seems  to  consist  in  degener- 
ative changes,  which  are  often  as  incapable  of  arrest  as  are  the  advancing 
years.  A  trifling  amelioration  or  retardation  of  progress  is  all  that  can  be 
hoped  for.  When  the  symptoms  depart  from  the  ordinary  type,  the  prog- 
nosis is  so  far  better  in  that  there  is  a  little  more  chance  of  doing  good, 
since  in  a  few  of  these  cases  remarkable  improvement  has  been  obtained  by 
treatment.  The  danger  to  life,  however,  is  almost  as  small  as  is  the  chance 
of  recovery.  The  disease  always  lasts  several  years,  and  its  duration  is 
likely  to  be  the  longer  the  slower  its  advance.  The  more  the  case  approaches 
to  senile  tremor,  that  is,  the  finer  the  movement  and  the  slighter  tlfe  tend- 
ency to  rigidity,  the  less  is  the  disease  likely  to  interfere  with  the  patient's 
comfort. 

Treatment. — All  causes  of  mental  strain  and  of  physical  exhaustion 
should,  as  far  as  possible,  be  prevented.  Life  should  be  quiet  and  regular, 
freed,  as  far  as  may  be,  from  care  and  work.  All  treatment  that  may  fatigue 
or  exhaust  the  patient's  strength  should  be  avoided.  Among  internal  reme- 
dies, all  varieties  of  nerve  sedatives  have  been  employed,  and  each  has  been 
praised  by  some  and  found  to  fail  by  others.  Many  of  them,  especially  mor- 
phia, conium  (Berger),  hyoscyamin  (Charcot  and  Oulmont),  and  Indian 
hemp,  quiet  the  tremor  for  a  time.  Of  tonics  that  have  been  recommended, 
carbonate  of  iron  (Parkinson),  chloride  of  barium  (Brown-Sequard),  and 
strychnine  have  been  found,  on  extended  trial,  to  deserve  no  special  confi- 
dence. Arsenic,  by  the  mouth,  occasionally  seems  to  do  some  real  good ; 
its  subcutaneous  use  has  been  recommended  by  Eulenburg.  Curara  and  bro- 

*  The  form  of  wry-neck  in  which  the  muscles  at  the  back  of  the  neck  are  involved. 
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mides  are  valueless.  My  own  experience  is  to  the  effect  that  arsenic  and 
Indian  hemp,  the  latter  sometimes  combined  with  opium,  are  of  most  use. 
I  have  several  times  seen  a  very  distinct  improvement  for  a  considerable 
time  under  their  use.  In  one  case  tremor  had  commenced  in  the  right  arm 
and  leg  an  hour  after  a  railway  accident,  and  extended,  three  months  later, 
to  the  left  arm.  Two  years  subsequently  there  was  constant  lateral  move- 
ment at  the  wrist  joints,  but  no  tremor  of  the  fingers.  A  great  improvement 
occurred  on  Indian  hemp,  and  a  year  later  the  tremor  had  almost  ceased, 
being  occasional  only.  It  is  in  cases  which,  like  this  one,  present  some 
deviation  from  the  common  type,  that  benefit  is  most  frequently  experienced. 
Electricity  in  all  forms  is  useless.  Static  electricity  has  been  recommended 
by  Reynolds,  and  later  by  Charcot.  Some  years  ago  I  tried  it  in  several 
cases  very  thoroughly,  but  could  not  discover  the  slightest  improvement 
from  its  use.  So,  too,  with  voltaic  electricity.  I  can  entirely  confirm  the 
conclusion  of  Berger,  who  treated  twenty  cases  sedulously  in  this  manner 
without  any  of  them  being  the  least  improved  by  it.  Nerve  stretching  has 
been  employed,  but  without  any  enduring  result  (Westphal).  In  one  case 
stretching  the  brachial  plexus  is, said  to  have  lessened  the  tremor  in  the  leg 
and  removed  it  in  the  arm,  but  it  caused  paralysis  of  the  limb  with  extensive 
wasting  of  the  muscles. 

OTHER  FORMS  OF  TREMOR. 

Senile  Tremor. — In  extreme  old  age  slight  tremor  is  often  observed  without 
the  muscular  weakness  and  rigidity  that  occur  in  paralysis  agitans.  At  first 
it  is  noticed  only  on  voluntary  movement,  and  is  generally  influenced  to  a 
greater  extent  by  movement  than  is  paralysis  agitans,  ceasing  or  almost 
ceasing  during  rest,  and  always  passing  away  during  sleep.  It  usually  com- 
mences in  the  arm,  and  often  in  both  arms  at  the  same  time,  but  the  head 
is  affected  much  more  frequently  than  in  shaking  palsy,  and  occasionally  the 
tremor  begins  in  the  muscles  of  the  neck.  The  tremor  is  always  fine,  the 
range  of  movement  being  very  small.  After  a  time  it  occurs  during  rest  as 
well  as  on  movement.  It  is  little  influenced  by  treatment.  As  already 
stated,  it  is  doubtful  whether  this  senile  tremor  is  essentially  different  from 
paralysis  agitans.  Some  cases  are  met  with  of  a  character  intermediate 
between  the  two  affections. 

Simple  Tremor. — Young  or  middle-aged  persons,  of  both  sexes,  sometimes 
become  affected  with  tremor,  usually  fine  but  sometimes  irregular  and  une- 
qual in  the  degree  of  movement,  unaccompanied  by  weakness  or  rigidity. 
It  is  usually  excited  by  movement  and  emotion,  and  commonly  ceases  dur- 
ing rest.  The  will  can  often  control  it  for  a  time,  and  it  interferes  much 
less  with  complex  actions  than  does  the  tremor  of  paralysis  agitans.  The 
handwriting,  for  instance,  rarely  exhibits  irregularity.  The  parts  affected 
are  chiefly  the  hands  and  head,  but  the  muscles  of  the  face  and  tongue  often 
present  irregular  tremor  on  movement,  and  the  patient's  aspect  may  closely 
resemble  that  of  one  affected  with  delirium  tremens  or  general  paralysis  of 
the  insane.     It  frequently  gives  rise  to  grave  misconception  regarding  the 
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habits  of  the  sufferer.  The  shaking  may  disappear  for  a  time,  spontaneously 
or  as  the  result  of  treatment,  but  it  may  also  persist,  getting  neither  better  nor 
worse,  for  the  whole  of  life. 

The  causes  of  this  simple  tremor  are  often  obscure.  It  is  sometimes 
apparently  due  to  emotion,  more  frequently  to  prolonged  anxiety,  but  still 
more  frequently  no  exciting  cause  can  be  traced.  Its  occurrence  is  certainly 
influenced  by  an  inherited  neuropathic  tendency.  Occasionally  the  inherit- 
ance is  more  direct.  A  case  lias  been  mentioned  in  the  account  of  paraly- 
sis agitans  in  which  one  member  of  a  family  suffered  from  the  latter  disease, 
and  another  from  simple  tremor.  Two  remarkable  instances  of  this  inherit- 
ance have  been  related  by  Liegey.*  A  gentleman  suffered  throughout  his 
life  from  tremor,  and  died  at  eighty-two ;  his  sister  also  trembled,  and  his 
mother,  after  a  mental  shock,  presented  tremor  during  the  latter  part  of  her 
life.  In  another  case  four  members  of  the  same  family  suffered  from  tremor 
of  hands  and  lips,  interfering  with  speech.  In  three  it  commenced  in 
early  adult  life,  but  in  one,  a  female,  not  until  the  cessation  of  the  menses. 
A  daughter  of  the  latter  suffered  from  symptoms  resembling  those  of  dissemi- 
nated sclerosis. 

This  simple  tremor  has  no  tendency  to  shorten  life.  In  spite  of  the  occa- 
sional collateral  relation  to  paralysis  agitans,  it  seems  to  have  little  tendency 
to  develop  into  the  latter  disease,  and  certainly  is  less  closely  connected  with 
it  than  is  senile  tremor.  When  it  has  lasted  for  several  years  it  is  seldom 
influenced  by  treatment.  In  early  cases  some  good  may  be  done  by  nervine 
tonics  and  sedatives. 

Hysterical  tremor  is  very  common.  It  may  occur  in  two  forms,  one  fine, 
the  other  coarse.  The  latter  often  consists  in  a  rhythmical  movement  of  the 
hands  or  head,  continuing  apart  from  any  voluntary  effort.  The  fine  tremor 
occurs  especially  on  movement,  and  its  characteristic  is  irregularity  (see  Fig. 
317,  tracing  9).  It  varies  in  degree  from  time  to  time,  presents  a  transient, 
often  jerky,  increase  in  range  or  acceleration  in  time,  which  are  almost 
pathognomonic.  Its  characters  and  treatment  are  described  more  fully  in 
the  chapter  on  hysteria. 

Asthenic  Tremor. — In  simple  weakness,  such  as  follows  an  acute  disease, 
muscular  tremor  is  common.  It  is  fine  in  range,  occurs  only  on  moveme'nt, 
and  is  usually  most  marked  after  some  slight  exertion,  as  an  effect  of  fatigue. 
The  muscular  weakness,  the  conspicuous  general  debility,  and  the  distinct 
cause  of  the  asthenia,  render  the  nature  of  the  case  clear. 

Toxic  Tremor. — In  mercurial  poisoning,  tremor  is  the  conspicuous  symp- 
tom, and  also  in  some  cases  of  lead  poisoning  and  in  chronic  poisoning 
by  alcohol,  opium,  and  chloral.     These  cases  are  described  at  another  page. 

*  Journal  de  Mid.  de  Bruxelles,  1882.      ' 
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WRY-NECK :  TORTICOLLIS. 
The  term  "  torticollis'"  or  "  wry-neck  "  is  applied  to  those  conditions  in 
which  contraction  of  the  muscles  of  the  neck  causes  an  unnatural  position  of 
the  head.  The  contraction  may  be  a  persistent  shortening  of  a  muscle,  or 
it  may  be  an  active  spasm  in  one  or  several  muscles.  Besides  these  two  chief 
varieties,  a  similar  effect  may  be  due  to  two  other  causes,  which  are  chiefly 
important  in  respect  to  diagnosis,  and  may  therefore  be  briefly  mentioned. 
One  is  simple  rheumatism  of  the  muscles  of  the  neck,  impeding  movement. 
The  "stiff  neck"  of  adults  scarcely  merits  the  distinctive  name  of  wry- 
neck, but  in  children  more  pronounced  deviation  to  one  side  or  backward  is 
occasionally  met  with.  The  affection  follows  exposure  to  cold,  and  is  marked 
by  considerable  tenderness  of  the  cervical  muscles,  which  is  clearly  the  chief 
cause  of  the  unnatural  position.  These  cases  are  really  rheumatic,  and  not 
nervous  in  nature,  and  have  been  already  alluded  to  in  the  account  of  the 
diagnosis  of  meningitis.  The  second  condition  is  one  that  may  be  termed 
"  false  torticollis,"  because  the  deviation  of  the  head  depends,  not  on  the 
state  of  the  muscles,  but  on  some  other  cause.  The  deviation,  however, 
usually  puts  the  sterno-mastoid  on  the  stretch,  and'  may  thus  give  rise  to  an 
erroneous  impression  that  the  muscle  is  contracted,  and  is  the  cause  of  the 
deviation.  The  most  common  cause  of  this  form  is  disease  of  the  cervical 
vertebrae.  The  distinction  from  the  true  form  will  be  considered  in  the 
section  on  diagnosis. 

FIXED  WRY-NECK :  CONGENITAL  TORTICOLLIS. 

Fixed  wry-neck  depends  upon  shortening  of  some  muscle,  almost  always 
the  sterno-mastoid,  which  is  often  also  atrophied,  and  sometimes  firmer  than 
normal.  The  condition  is  met  with  chiefly  in  children,  and  is  thought  to 
depend,  in  some  cases,  upon  injury  to  the  muscle  from  the  traction  on  the 
neck  that  occurs  during  birth  (Stromeyer).  In  other  cases  it  is  supposed  to 
be  due  to  developmental  shortening  of  the  muscle,  the  result  of  the  inclined 
position  of  the  head  of  the  child  in  the  pelvis.*  It  may  not  be  noticed 
for  some  time  after  birth,  in  consequence  of  the  shortness  of  the  neck  of 
young  children.  A  similar  condition  may  arise  in  adult  life  from  an  injury 
to  the  muscle,  leading  to  secondary  inflammation,  and  cicatricial  contraction. 

In  fixed  wry-neck  the  head  deviates  a  little  to  one  side,  in  the  manner  to 
be  presently  described  as  characteristic  of  active  shortening  of  the  sterno- 
mastoid,  and  it  cannot  be  turned  toward  the  side  on  which  the  muscle  is  con- 
tracted. The  cause  of  the  deviation  is  at  once  seen  when  the  neck  is 
examined;  the  sterno-mastoid  on  the  side  toward  which  the, head  cannot  be 
turned  is  rigid,  and  stands  out  conspicuously ;  there  is  no  active  spasm. 
The  affection  is  one  of  small  importance.  It.  can  be  readily  and  perma- 
nently cured  by  division,  of  the  tendon  of  the  contracted  muscle.     When 

*  It  is  much  more  frequent  on  the  right  side,  which  gives  support  to  the  theory,  as  Busch 
points  out,  since  in  70  cases  out  of  100  the  head  is  in  the  "  first  position,"  which  entails  an 
inclination  such  as  would  permit  the  right  sterno-mastoid  to  shorten. 
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secondary  changes  have  taken  place  in  the  articulations,  it  may  be  necessary 
to  keep  the  head  in  position,  for  a  time,  by  some  support. 

SPASMODIC  WRY-NECK. 

Spasmodic  wry-neck  is  a  very  different  affection  from  that  just  described, 
although  the  two  have  been  sometimes  confused  in  descriptions  of  the  dis- 
order. The  spasmodic  form  is  a  malady  analogous  to  the  facial  spasm  that 
has  been  described  in  the  section  on  diseases  of  the  facial  nerve. 

It  is  necessary  to  consider  together  all  forms  of  active  spasm  in  the  muscles 
of  the  neck.  Neither  the  character  of  the  spasm,  nor  its  distribution,  afford 
ground  for  the  separation  of  the  varieties  that  it  presents.  The  spasm  may 
be  either  tonic  or  clonic,  and  both  kinds  of  spasm  may  be  met  with  in  the 
same  case,  and  even  at  the  same  time.  The  most  important  difference  in 
the  distribution  of  the  spasm  is,  that  while  in  most  cases  the  spasm  is  either 
confined  to  one  side,  or  is  so  much  greater  on  one  side  as  to  cause  a  lateral 
deviation  of  the  head,  in  a  few  cases  the  spasm  is  equal  on  the  two  sides  and 
is  either  confined  to  or  greater  in  the  muscles  at  the  back  of  the  neck,  so 
as  to  produce  a  backward  movement  of  the  bead.  The  second  variety  may 
conveniently  be  distinguished  as  "  retrocollic  spasm." 

Etiology. — Spasmodic  torticollis  is  more  common  in  women  than  in  men. 
Of  24  cases,  of  which  I  have  notes  (all  those  of  hysterical  nature  being 
excluded),  7  were  in  males  and  17  in  females.  It  commonly  begins  in  the 
middle  period  of  adult  life,  between  thirty  and  fifty  years  of  age.  Two- 
thirds  of  the  cases  commence  during  this  period.  It  is  rare  under  thirty,*  j 
but  I  have  met  with  cases  that  began  at  twenty-eight  and  twenty-five.  It 
occasionally  begins  after  fifty  ;  the  latest  case  that  has  come  under  my  notice 
began  at  sixty-six.  The  two  early  cases  were  in  males ;  otherwise,  both 
sexes  seem  to  suffer  in  about  the  same  proportion  at  the  different  ages.  Most 
cases  in  females  under  thirty  are  of  hysterical  nature,  and  this  is  also  prob- 
ably true  of  the  rare  cases  in  which  similar  spasm  is  met  with  in  boys.f 

Neurotic  heredity  occasionally  predisposes  to  this  as  to  other  maladies  of 
the  same  class.  In  some  cases  there  is  a  history  of  epilepsy  or  of  insanity, 
and  occasionally  of  diseases  more  closely  allied  to  torticollis.  The  brother 
of  one  patient  had  suffered  from  facial  spasm,  and  the  sister  of  another  (who 
was  suffering  from  the  true,  not  the  hysterical  form)  had  suffered  from  torti- 
collis itself,  and  had  recovered.  In  a  few  instances,  the  patient  has  himself 
suffered,  at  a  previous  time,  from  some  other  functional  disorder  of  the  ner- 
vous system.  Thus,  in  one  case  of  persistent  torticollis,  the  patient  ten 
years  previously  had  been  affected  with  general  tremor,  which  lasted  for 

*  In  the  only  earlier  case  that  I  have  seen,  in  which  the  spasm  commenced  at  thirteen, 
and  still  existed  at  twenty  nine,  the  movement  was  somewhat  unusual  in  its  character,  and 
was  probably  a  persistent  habit  spasm,  from  another  form  of  which  the  patient  had  also 
suffered. 

f  See  note  on  p.  1017.  It  is  important  to  remember  that  most  varied  and  obstinate  forms 
of  clonic  spasm  occur  in  the  subjects  of  hysteria,  and  are,  apparently,  in  some  way,  due  to 
this  disease.     They  are  described  in  the  chapter  on  hysteria. 
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three  years  and  then  passed  away.  The  affection  has  followed  an  attack  of 
melancholia.*  It  is  possible  that  true  torticollis  may  grow  out  of  a  habit 
spasm ;  thus,  one  patient  had  been  liable,  for  twenty  years,  to  nodding 
movements  of  the  head,  when  he  was  engaged  in  earnest  conversation. f 
Depressing  emotion  often  precedes  the  onset,  but  less  frequently  than  in  the 
case  of  facial  spasm.  In  other  instances,  there  is  a  history  of  some  feeble- 
ness of  general  health.  I  have  more  than  once  known  the  affection  to  fol- 
low a  fall  at  an  interval  of  a  month  or  two,  and  a  similar  sequence  has  been 
recorded  by  others ;  in  one  recorded  case,  spasm  on  the  right  side  of  the 
neck  followed  a  fall  on  the  left  temple.  J  In  some  cases  the  disease  seems 
to  be  distinctly  excited  by  exposure  to  cold.  Thus,  one  patient  had  a  severe 
cold  and  a  rheumatic  stiff  neck;  as  the  stiffness  passed  off,  clonic  spasm 
came  on.  But  an  initial  feeling  of  stiffness  is  sometimes  taken  as  evidence 
of  exposure  to  cold,  without  any  real  grounds  for  the  assumption.  Exces- 
sive use  of  the  muscles  is  probably  an  occasional  cause.  §  It  is  possible  that, 
in  rare  cases,  spasm  in  the  neck  is  caused  by  malarial  poison. ||  In  not  a  few 
cases,  no  immediate  cause  can  be  traced ;  the  affection  comes  on  in  robust 
individuals,  who  are  apparently  in  perfect  health  at  the  time  of  the  onset. 

Among  the  causes  of  torticollis  commonly  described,  is  paralysis  of  the 
muscles  of  one  side,  permitting  their  opponents  to  draw  the  head  to  the 
other  side.  This  is  a  theoretical  cause,  which  has  little  counterpart  in  fact. 
It  is  doubtful  whether  a  true  paralytic  torticollis  is  ever  seen.  The  amount 
of  muscular  action  that  is  needed  to  keep  the  head  at  rest  in  the  mid-position 
is  extremely  small ;  the  rotators  are  numerous,  and  all  are  never  paralyzed. 

Symptoms. — The  spasm  itself  may  be  the  first  symptom,  but  in  many  cases 
this  is  preceded  by  pain,  or  by  some  unpleasant  sensation.  The  pain  may 
be  of  an  acute  neuralgic  character,  or  it  may  be  a  dull  rheumatic  pain.  It 
may  be  felt  in  the  neck,  or  in  the  occipital  region  on  one  side,  or  behind 
the  ear,  or  in  the  arm.     It  often  continues  for  a  time,  after  the  spasm  has 


*  Allen  Sturge,  Lancet,  1879,  '>  ID°- 

f  Reynolds  states  that  he  has  known  the  disease  to  follow  "  writers'  cramp"  (System  of 
Med.,  vol.  ii,  p.  787) ;  but  it  is  probable  that  it  was  merely  the  commencing  spasm  (begin- 
ning, as  it  sometimes  does,  in  the  hand)  that  interfered  with  writing.  This  was  so  in  one 
case  under  my  own  observation,  that  shown  in  Fig.  322. 

\  T.  Fournier,  "  Le  Tic  Rotatoire,"  Thise  de  Strasbourg,  1870. 

§  Annandale  has  recorded  a  case  of  spasm  in  the  neck  apparently  due  to  this  cause.  The 
subject  was  a  girl  aged  twenty-four,  who,  in  the  course  of  her  work  as  a  weaver,  had  occa- 
sion  to  move  the  head  rapidly  first  to  one  side  and  then  to  the  other,  but  especially  to  the 
left,  and  in  the  spasm  the  head  was  inclined  and  rotated  to  the  left  side.  But  the  case  was 
very  unusual  in  that  there  was  no  spasm  when  the  head  was  turned  to  the  left,  although 
clonic  spasm  came  on  at  once  when  it  was  moved  out  of  that  posture  (Lancet,  1879,1,  p. 

555)- 

II  As  in  a  case  of  intermittent  contractions  of  one  sterno-mastoid  (coming  on  each  day  at 
the  same  time   and  lasting  four  or  five  hours)  in  a  child  of  four,  recorded  by  Simon.     The 
child  had  had  intermittent  fever,  and  the  attacks  were  quickly  cured  by  quinine  (Ref.  in 
Lancet,  1879,  i,  26). 
64 
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developed.  In  other  cases,  again,  a  sense  of  stiffness  in  the  neck  attends 
the  commencing  spasm.  Less  commonly  the  onset  is  preceded  by  sensa- 
tions of  a  more  or  less  vertiginous  character,  which  may,  perhaps,  indicate 
some  morbid  action  in  the  nerve  centres,  of  which  the  spasm  is  the  result. 
Thus,  in  one  case  the  spasm  commenced  a  few  weeks  after  a  sudden,  brief, 
"  whirling  "  sensation  in  the  head.  Another  patient  at  first,  when  walking, 
experienced  a  strong  tendency  to  deviate  to  one  side,  toward  which  there 
was  a  slight  rotation  of  the  head,  but  as  the  rotation  increased  to  distinct 
spasm,  the  tendency  to  deviate  ceased. 

The  actual  onset  of  the  spasm  is  usually  gradual,  and  some  months  pass 
before  a  considerable  degree  is  attained.  Very  rarely  it  comes  on  acutely ; 
in  one  case  it  became  severe  in  the  course  of  a  single  week,  and  in  another 
at  the  end  of  a  single  day.  Once  developed,  its  increase  is  usually  steady,  but 
now  and  then  it  ceases  after  a  few  months,  to  recommence  before  many  more 
months  have  passed.  The  tendency  of  the  head  to  go  to  one  side  is  often  first 
felt  when  the  patient  is  walking  or  excited,  and  ceases  during  rest  or  mental 
tranquillity.  The  seat  of  the  first  spasm  is  generally  that  in  which  the  con- 
tractions are  ultimately  most  severe ;  in  exceptional  cases  it  commences  in 
some  other  part.  In  two  cases  it  began  in  the  hand,  and  in  one  in  the  face, 
although  in  each  the  neck  was  ultimately  most  affected. 

The  symptoms  vary  according  to  the  muscles  that  are  most  affected. 
These  are  generally  the  large  muscles  of  the  neck,  and  in  the  most  common 
form,  torticollis  proper,  the  spasm  is  either  confined  to  one  side,  or  is  greater 
on  one  side  than  on  the  other,  and  hence  its  effect  is  to  cause  a  deviation  of 
the  head  to  one  side,  either  a  rotation  or  a  lateral  inclination.  Less  com- 
monly, as  already  mentioned,  the  muscles  of  both  sides  are  equally  involved, 
and  the  head  is  then  inclined  backward.  Usually  many  muscles  are  affected  ; 
in  rare  cases  one  only.  The  sterno-mastoid  is  the  muscle  most  frequently 
involved,  and  in  the  cases  of  solitary  spasm  it  is  almost  always  this  muscle 
that  contracts.  Of  twenty-four  cases,  there  was  some  spasm  in  the  sterno- 
mastoid,  on  one  side  or  on  both,  in  no  less  than  twenty-two.  In  two-thirds 
of  the  cases  (fourteen),  the  muscle  was  affected  on  one  side  only,  and  in 
five  no  other  was  involved.  The  muscle  most  frequently  associated  with 
the  sterno-mastoid  is  the  upper  part  of  the  trapezius,  and  it  is  generally  the 
trapezius  on  the  same  side.  Of  seven  examples  of  this  combination,  the 
associated  trapezius  was  on  the  same  side  in  six  on  the  other  side  in  one. 
The  splenius  is  associated  with  the  sterno-mastoid  about  half  as  frequently  as 
the  trapezius,  and  it  is  usually  the  muscle  of  the  opposite  side.  The  scaleni 
occasionally  contract ;  I  have  once  known  both  scaleni  to  be  involved  with 
one  sterno-mastoid.  Often  there  is  also  spasm  in  the  platysma  myoides, 
which  draws  up  the  skin  into  characteristic  folds,  but  does  not  influence  the 
position  of  the  head.  In  rare  cases,  of  which  I  have  only  seen  one,  rota- 
tion of  the  head  is  produced  by  the  deeper  muscles  alone,  probably  the 
rectus  and  obliquus,  and  no  accessible  muscle  can  be  felt  to  contract. 

The  side  on  which  the  muscles  contract  most  strongly  is  more  frequently 
that  of  which  the  muscles  turn  the  head  to  the  left,  and  hence  this  is  the 
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common  direction  in  which  the  head  deviates.  Thus  the  right  sterno-mastoid 
was  involved  most  or  only  in  thirteen  cases  ;  the  left  sterno-mastoid  only  in 
seven.  The  right  trapezius,  which  also  turns  the  head  to  the  left,  was  like- 
wise affected  more  frequently  than  the  left,  and  the  left  splenius,  which  turns 
the  head  to  its  own  side,  was  involved  far  more  frequently  than  the  right. 
Although  the  cases  are  not  numerous,  the  uniformity  with  which  this  rule 
obtained  can  scarcely  be  a  matter  of  accident.  It  might  be  anticipated,  a 
priori,  that  the  muscles  which  move  the  head  to  the  right  would  suffer  most, 
because  they  are  associated  in  action  with  the  right  arm,  but  it  must  be 
remembered  that  many  energetic  movements  of  the  right  arm  are  effected 
toward  the  left. 

In  the  cases  in  which  the  muscles  of  the  two  sides  are  equally  involved 
the  sterno-mastoids  are  also  most  frequently  affected,  but  usually  in  slight 
degree.  The  trapezii  usually  contract  strongly.  Rarely  all  the  muscles  of 
the  neck  seem  to  be  in  action. 

The  movement  of  the  head  caused  by  the  spasm  necessarily  differs  accord- 
ing to  the  muscles  that  are  chiefly  involved.  We  have  seen  that  the  spasm 
is  seldom  limited  to  a  single  muscle ;  more  often  several  muscles  contract 
together,  and  the  movement  of  the  head  is  that  due  to  their  combined 
action.  As  the  combinations  are  numerous,  and  the  muscles  contract  in 
various  degrees,  the  resulting  movement  of  the  head  varies  considerably  in 
different  cases,  and  sometimes  in  the  same  case  at  different  stages  of  the 
disease. 

The  sterno-mastoid,  acting  alone,  causes  rotation  of  the  head  so  as  to  bring 
the  mastoid  process  nearer  to  the  inner 
end  of  the  clavicle.  In  this  movement 
the  face  is  turned  toward  the  opposite 
side,  the  chin  is  put  forward,  and  the 
head  is  slightly  inclined  toward  the  side 
of  the  acting  muscle. 

The  highest  part  of  the  trapezius, 
acting  alone,  causes  only  a  slight  rota- 
tion of  the  head  toward  the  other  side, 
but  it  inclines  the  head  strongly  toward 
its  own  side,  and  at  the  same  time  draws 
the  head  backward.  It  also  raises  the 
shoulder,  rotating  the  scapula.  The 
middle  and  lower  parts  of  the  trapezius 
are  seldom  involved. 

The  splenius  of  one  side  inclines  the 
head,  and  very  slightly  rotates  it,  toward 
the  same  side. 

Equal  contraction  of  the  trapezii  and  splenii  on  both  sides  causes  a  back- 
ward movement  of  the  head. 

The  effects  of  the  chief  combinations  are  as  follows  :  The  association  of 
the  sterno-mastoid  and  the  trapezius  of  the  same  side  greatly  increases  the 


Fig.  320. 


Torticollis  due  to  spasm  in  the  left  sterno-mastoid. 
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inclination  of  the  head  toward  the  shoulder,  and  this  increase  in  the  inclina- 
tion prevents  any  increase  in  rotation.  The  association  of  the  sterno-mastoid 
of  one  side  with  the  trapezius  of  the  opposite  side  prevents  the  inclination 
of  the  head,  and  does  not  appreciably  lessen  the  rotation  caused  by  the 
former  muscle,  the  trapezius  being  a  feeble  rotator.  Hence  the  rotation  of 
the  head  is  often  very  great.  The  combination  of  one  sterno-mastoid  and 
the  opposite  splenius  causes  extreme  rotation  of  the  head,  so  that  the  face, 

as  in  Fig.  320,  may  be  turned  toward  the 
shoulder.  I  have  not  seen  any  case  in  which 
one  sterno-mastoid  was  associated  with  the 
splenius  of  the  same  side,  but  the  resulting 
movement  would  probably  be  similar  to  that 
produced  by  the  combination  with  the  tra- 
pezius of  the  same  side,  a  strong  inclination 
of  the  head  toward  the  shoulder.  In  the 
case  shown  in  Fig.  321  both  splenius  muscles 
were  involved  (the  right  most),  as  well  as 
the  right  sterno-mastoid,  and  a  strongly  back- 
ward inclination  with  rotation  was  the  result. 
Bilateral  spasm,  equal  on  the  two  sides, 
always  causes  a  backward  movement  of  the 
head,  because  both  sterno-mastoids  scarcely 
ever  contract  alone,  and  the  spasm  in  the 
muscles  at  the  back  of  the  neck  draws  the 
head  backward,  and  then  the  inclination  is 
increased  by  the  sterno-mastoids.  It  is 
doubtful  whether  there  is  ever  a  forward 
movement  in  any  case  properly  belonging  to  the  group  now  under  con- 
sideration. The  retroflexion  of  the  neck  is  sometimes  very  great ;  the 
face  may  even  be  horizontal,  turned  directly  upward,  as  in  one  case  that  I 
have  seen.  Such  extreme  spasm  is,  however,  rare ;  more  often  the  contrac- 
tion is  moderate  in  degree.  An  interesting  fact  about  this  retrocollic  spasm 
is  that  contraction  in  the  frontales  muscles  is  almost  always  associated  with 
the  spasm  in  the  back  of  the  neck.  The  association  is  a  physiological  one ; 
in  the  act  of  looking  upward,  the  head  is  bent  back,  and  the  eyebrows  are 
raised  by  the  frontales.  If  the  spasm  is  clonic,  the  contraction  in  the  fore- 
head is  synchronous  with  that  in  the  muscles  of  the  back  of  the  neck. 

The  spasm  in  all  forms  of  torticollis  may  be  either  tonic  or  clonic,  and 
often  both  kinds  of  spasm  occur  together ;  clonic  spasm  may  become  tonic 
as  it  becomes  intense,  or,  more  commonly,  tonic  spasm,  as  it  increases, 
becomes  clonic  and  jerky.  It  usually  varies  in  intensity  from  time  to  time, 
and  either  form  may  be  intermittent.  The  patient  is  able  to  keep  the  head 
still  for  a  time,  but  every  now  and  then  it  is  drawn  to  one  side,  either  steadily 
or  in  jerks.  The  spasm  is  seldom  absent  for  more  than  a  few  minutes.  As 
it  comes  on,  the  affected  muscles  stand  out  conspicuously  in  their  contrac- 
tion.    Occasionally  the  spasm,  either  tonic  or  clonic,  is  practically  continu- 


Torticollis.  Spasm,  chiefly  tonic,  in  the 
right  sterno-mastoid,  and  especially  in 
the  right  splenius,  with  slighter  spasm  in 
the  left  splenius.  The  patient  was  a  man, 
aged  twenty-six,  in  whom  the  spasm  had 
existed  for  six  months ;  it  commenced 
gradually  after  a  period  of  great  mental 
anxiety. 


SYMPTOMS.  1021 

ous.  The  same  variations  are  seen  in  the  retrocollic  variety,  but  clonic 
spasm  is  relatively  more  common,  and  intermissions  are  less  common. 
The  contractions  are  often  moderate  in  degree,  and  frequent  in  recur- 
rence, so  that  the  spasm  bears  more  resemblance  to  tremor  than  in  the 
ordinary  forms. 

In  most  cases  there  is  a  strong  tendency,  in  the  course  of  time,  for  the 
spasm  to  spread  and  to  involve  other  muscles  in  addition  to  that  in 
which  it  commenced.  Even  when  the  contractions  are  limited,  if  the 
movement  of  the  head  is  forcibly  prevented,  the  spasm  often  temporarily 
spreads  to  other  muscles.  Thus  in  a  case  in  which  one  splenius  alone 
habitually  contracted,  if  the  movement  was  prevented,  the  sterno-mastoid 
began  to  contract. 

In  some  cases,  the  spasm  is  not  limited  to  the  muscles  of  the  neck ;  it 
involves  either  the  arm  or  the  face  or  the  muscles  of  mastication.  The  face 
is  seldom  constantly  involved,  but  muscles  occasionally  contract  during  a 
severe  paroxysm.  In  one  instance,  with  clonic  spasm  in  one  sterno-mastoid 
and  trapezius,  at  the  height  of  the  attack  there  was  often  twitching  of  the 
eyelids  and  pouting  of  the  lips.  The  spasm  in  the  face  may  occur  on  the 
side  on  which  the  sterno-mastoid  contracts,  or  contracts  most  strongly.  In 
one  instance,  in  which  there  was  continuous  clonic  spasm  in  the  right  sterno- 
mastoid,  and  very  little  in  the  left,  there  were  almost  constant  contractions 
in  the  right  side  of  the  face.  Rarely  the  spasm  is  equal  on  the  two  sides  of 
the  face,  when  the  spasm  in  the  neck  is  unequal,  as  in  a  case  just  mentioned. 
In  retrocollic  spasm  there  may  be  some  bilateral  contraction  in  the  lower 
facial  muscles,  especially  in  the  elevators  of  the  upper  lip,  at  the  height 
of  a  paroxysm,  in  addition  to  the  constant  spasm  in  the  frontales,  already 
described.  The  masseters  are  involved  in  true  torticollic  spasm  rarely,  and 
only  at  the  height  of  a  paroxysm.  In  chronic  retrocollic  spasm  they  are 
sometimes  constantly  affected. 

When  the  arm  is  involved,  there  is  always  unequal  spasm  in  the  two  sides 
of  the  neck.  The  sterno-mastoid  that  is  most  affected  may  be  on  the  same 
side  as  the  arm,  or  on  the  opposite  side.  In  the  cases  that  I  have  seen  in 
which  the  arm  was  affected  after  the  neck,  it  was  the  arm  on  the  side  opposite 
to  the  most  affected  sterno-mastoid.  When  the  arm  is  affected  first,  either 
sterno-mastoid  may  be  the  seat  of  the  chief  spasm,  and  the  head  may  thus 
be  turned  from,  or  inclined  toward,  the  arm  that  is  affected.  In  one  case  of 
clonic  spasm  in  the  right  sterno-mastoid  there  was  also  spasm  in  the  left  del- 
toid, but  in  no  other  muscle.  Another  instance  of  this  relation  is  presented 
by  the  patient  shown  in  Fig.  322.  In  him  the  spasm  commenced  in  the 
arm  and  spread  to  the  neck,  where  it  involved  the  right  sterno-mastoid,  the 
left  trapezius  and  splenius,  and  the  right  platysma.  It  became  continuous  in 
both  arm  and  neck,  so  that  the  upper  arm  was  in  constant  strong  abduction, 
and  the  forearm  was  carried  in  front  of  the  body,  while  the  face  was  turned 
toward  the  shoulder. 

Considerable  spasm  always  occasions  discomfort  to  the  patient,  partly  due 
to  fatigue  in  the  muscles.    There  is  not  commonly  any  actual  cramp-like  pain 
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in  them.     The  neuralgic  pain  that  is  often  complained  of  at  the  onset  usu- 
ally ceases  after  a  time,  but  sometimes  continues  in  varying  degree.     When 

there  is  spasm  in  the  arm,  the  limb  is  often 
the  seat  of  considerable  pain,  and  I  have 
known  severe  pain  in  both  arms  to  attend 
the  attacks  of  spasm  in  the  neck.  It  is  said 
that  there  are  occasionally  tender  points  in 
the  course  of  the  cervical  nerves,  but  they 
are  not  common.  Another  rare  sensory 
symptom  is  tingling  and  numbness  in  the 
arm,  from  the  compression  of  the  nerves  of 
the  brachial  plexus  by  the  scaleni. 

The  muscles  that  are  the  seat  of  consider- 
able spasm  undergo,  in  time,  some  hyper- 
trophy, and  may  become  very  distinctly 
larger  than  those  on  the  other  side.  They 
never  waste.  The  electrical  irritability  is 
generally  normal ;  sometimes,  indeed,  it  is 
abnormally  great,  so  that  a  very  weak  cur- 
rent of  either  kind  suffices  to  put  the  mus- 
cles in  a  state  of  strong  contraction. 

The  course  of  the  disease  varies  in  differ- 
ent cases.    Often  the  spasm  slowly  increases 
in  intensity  and  widens  in  range,  but  ceases 
to  be  progressive  after  a  few  years,  and  may 
remain  stationary  for  the  rest  of  life.     In 
Sptow;4tX-i«s%nd%ltwTrXhe  other    cases,    however,    it    remains    slight, 
bfsUrm  i^Wt^^:«orars!?hebPdaUt'ie«  sometimes  confined  to  a  single  muscle,  and 
s7aW%Texisf=d/orrtywryearS.whi°tmcom!  may  not  undergo  perceptible  increase  dur- 
menced  gradually  in  the  hand.  jng  many  years.     Less  commonly  it  dimin- 

ishes after  it  has  lasted  for  a  few  months  or 
years,  and  may  pass  away,  either  spontaneously  or  as  the  result  of  treatment. 
In  some  instances  it  does  not  disappear  altogether,  although  it  becomes  slight 
and  occasional.  In  a  case  recorded  by  Brodie,  the  spasm  ceased  entirely 
during  an  attack  of  insanity,  and  returned  when  the  mental  state  become 
normal.  The  disease  does  not  develop  to  any  disorder  of  more  serious 
character,  nor  has  it  any  tendency  to  shorten  life,  although  it  may  lessen 
very  much  the  pleasure  of  existence. 

Pathology. — In  no  case  of  torticollis  has  a  lesion  been  found  that  can  be 
regarded  as  an  indication  of  the  morbid  process  towhich  the  spasm  is  due. 
The  pathology  of  the  disease  is,  therefore,  a  matter  of  inference  from  its 
symptoms,  its  causes,  and  from  what  we  know  of  the  nature  of  allied  dis- 
eases, especially  of  facial  spasm  (see  p.  660).  It  is  almost  superfluous  to 
state  that  the  morbid  process  cannot  be  one  of  the  muscles  themselves.  The 
facts  that  many  muscles  are  involved,  and  that  when  the  spasm  commences 
in  a  single  muscle,  it  usually  spreads  to  others,  as  well  as  the  general  path- 
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ology  of  spaSm,  make  it  probable  that  the  muscular  contractions  depends  on 
the  over-action  of  nerve  cells,  and  not  on  any  irritation  of  nerve  fibres.  But 
we  do  not  know  what  nerve  cells  are  primarily  deranged,  whether  they  are 
the  cells  of  the  lower  spinal  centres,  or  those  of  the  higher  cortical  centres. 
The  symptoms  suggest  that  in  some  cases  the  lower,  and  in  other  cases  the 
higher  centre  is  that  from  which  the  discharge  originates,  because  the  dis- 
tribution of  the  spasm  indicates  that  the  functional  level,  so  to  speak,  of  the 
discharge  is  not  always  the  same.  In  some,  the  affected  muscles  are  those 
that  act  together  in  producing  a  given  movement,  although  they  are  sup- 
plied by  different  nerves.  It  seems  probable  that  such  a  spasm  depends  on 
the  over-action  of  a  centre  in  which  movements,  rather  than  muscles,  are 
represented.  On  the  other  hand,  when  the  spasm  is  of  a  single  muscle,  or 
of  muscles  that  are  not  physiologically  associated,  it  seems  more  probable 
that  it  depends  on  a  lower  centre,  such  as  the  spinal  or  bulbar  gray  matter 
from  which  the  nerves  proceed.  The  physiological  association  of  muscles  is 
specially  noticeable  in  the  contraction  of  the  frontales  in  retrocollic  spasm. 
These  muscles  are  innervated  from  the  facial  nucleus  in  the  pons,  while  the 
muscles  at  the  back  of  the  neck  are  for  the  most  part  innervated  from  the 
spinal  cord.  It  seems  far  more  probable  that  such  an  associated  spasm 
depends  on  the  cortical  centres  than  that  it  is  due  to  the  lower  centres.  So, 
too,  in  the  cases  in  which  there  is  spasm  in  those  muscles  on  both  sides 
of  the  neck  that  are  concerned  in  turning  the  head  to  one  side.  On  the 
other  hand,  such  an  association  as  that  of  the  muscles  which  incline  the  head 
toward  one  shoulder,  or  strong  spasm  limited  to  one  sterno-mastoid  and 
the  opposite  deltoid  muscles,  seems  more  intelligible  on  the  assumption  that 
the  over-acting  nerve  cells  are  those  of  the  lower  centres ;  since  these 
muscles  do  not  commonly  act  together  without  others.  We  have  seen 
reason  to  believe  that  the  over-action  that  causes  facial  spasm  is  sometimes 
in  the  cortical  centres,  and  sometimes  in  the  lower  centres.  At  the 
same  time  we  must  not  lay  too  much  weight  on  the  significance  of  functional 
association.  It  is  probable  that  the  connection  of  the  cells  of  the  lower 
centres  is  determined  by  this  association,  and  the  manner  in  which  the  spasm 
spreads  among  the  muscles  of  both  sides  is  often  more  intelligible  on  the 
assumption  that  the  over-acting  cells  are  those  of  lower  centres.  It  may  be 
noted,  moreover,  that  there  is  reason  to  believe  that  structures  in  the  lower 
part  of  the  pons  Varolii  influence  the  associated  action  of  rotation  of  the 
head  (see  p.  611).  There  is  one  important  difference  between  the  spasm  in 
torticollis  and  that  which  occurs  in  the  same  muscles  as  a  consequence  of 
cortical  disease.  In  the  latter  a  conjugate  deviation  of  the  eyes  is  usually 
associated  with  that  of  the  head,  and  this  is  true,  also,  of  the  spasm  that 
results  from  irritation  of  the  structures  in  the  pons.  In  torticollis,  however 
widely  the  spasm  spreads,  the  muscles  of  the  eyeball  are  never  implicated. 
From  these  considerations  it  seems  doubtful  whether  we  have  at  present  suf- 
ficient evidence  to  justify  us  in  coming  to  any  conclusion  regarding  the  seat 
of  the  disease. 

The  nature  of  the  morbid  process  is  also  involved  in  as  much  obscurity  as 
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is  that  of  all  other  similar  spasmodic  diseases.  That  there  is  an  unnatural 
state  of  the  nerve  cells,  in  consequence  of  which  nerve  force  is  spontaneously 
liberated,  is  scarcely  more  than  a  statement  of  the  observed  facts,  and  leaves 
us  still  ignorant  of  the  condition  on  which  the  phenomena  depend.  There 
is  at  present  no  evidence  that  the  over-action  of  the  cells  depends  on  any 
morbid  process  outside  them,  on  any  lesions  that  could  be  detected  by  naked- 
eye  or  microscopical  examination.  The  fact  that  neurotic  heredity  can 
often  be  traced  as  a  predisposing  cause,  suggests  that  the  over;action  has  its 
origin  in  a  primary  derangement  of  the  nerve  elements  themselves.  It  is  to 
be  noted  that  this  disease,  in  common  with  other  spasmodic  affections  of  the 
same  class,  comes  on  usually  in  adult  life,  and  seems  to  depend  on  a  local 
failure  in  the  stability  of  function  that  has  been  long  developed,  and  cannot 
therefore  be  ascribed  either  to  an  imperfect  establishment  of  function  on  the 
one  hand,  or  to  actual  senile  changes  on  the  other.  In  their  occurrence  at 
the  time  when  nerve  action  might  be  expected  to  possess  its  full  stability  and 
precision,  and  also  in  their  local  character,  these  affections  constitute  an 
enigma  to  which  we  have  as  yet  no  solution. 

Diagnosis. — The  diagnosis  of  spasmodic  torticollis  seldom  presents  any 
difficulty.  The  condition  that  has  been  termed  "  false  torticollis,"  in  which 
there  is  a  deviation  of  the  head  from  some  other  cause  than  muscular  con- 
traction, is  readily  distinguished  from  the  variety,  that  is  due  to  shortening 
of  one  sterno-mastoid  (with  which  alone  it  is  likely  to  be  confounded)  by 
noting  the  relation  between  the  position  of  the  head  and  the  side  on  which 
the  muscle  is  tense.  In  the  spurious  form  the  sterno-mastoid  is  tense  on  the 
side  toward  which  the  face  is  turned  ;  in  the  true  form  the  tension  is  of  the 
opposite  muscle.  Retrocollic  spasm,  when  the  movements  are  small  in 
range,  is  apt  to  be  mistaken  for  simple  tremor,  but  the  muscular  contractions 
can  be  felt  to  be  more  violent  than  they  ever  are  in  simple  tremor,  and  the 
associated  spasm  in  the  frontales,  which  has  been  conspicuous  in  all  the  cases 
I  have  seen,  supplies  an  absolute  distinction  between  the  two  affections. 
Another  occasional  difficulty  is  the  distinction  of  true  torticollis  from  hysteri- 
cal spasm  of  torticollic  type.  The  facts  of  etiology  show  that  under  thirty  true 
torticollis  seldom  occurs  in  females,  and  therefore  at  that  period  there  will 
always  be  a  presumption  that  the  affection  is  hysterical,  but  after  thirty  the 
mere  fact  of  sex  must  not  be  allowed  weight.  As  a  rule,  hysterical  spasm 
tends  to  spread  from  the  neck  to  the  trunk,  which  becomes  affected  by  writh- 
ing movements.  In  all  the  cases  that  I  have  seen  in  which  the  conditions  of 
onset  raised  a  suspicion  of  the  hysterical  nature  of  the  case,  and  the  spasm 
was  limited  to  the  neck,  and  was  typical  in  form,  the  affection  turned  out  to 
be  the  true  variety. 

Prognosis. — The  facts  of  the  course  of  torticollis,  already  mentioned, 
show  that  the  prognosis  must  be  grave  in  every  developed  case.  The  more 
severe  the  spasm  the  wider  its  extent,  and  the  longer  its  duration  the  smaller 
is  the  prospect  that  considerable  relief  will  be  obtained. 

Treatment. — The  removal  of  any  influences  that  can  be  regarded  as  hav- 
ing helped  to  induce  the  disease  is,  of  course,  of  the  first  importance.     Cases 
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do  not  often  come  under  treatment  in  the  early  stage,  but  it  is  desirable  that 
any  stiffness  due  to  cold,  that  has  lasted  for  an  unusually  long  time,  should 
be  treated  by  rest  and  hot  applications.  Unfortunately,  it  is  very  rare  for 
causal  treatment  to  have  any  appreciable  influence  on  the  disorder.  The 
same  may  be  said  of  tonic  treatment  in  general,  necessary  as  it  is  to  give 
tonics  whenever  they  are  indicated.  Drugs  thai  may  be  called  "  stimulant 
nervine  tonics,"  such  as  valerianate  of  zinc  and  asafcetida,  sometimes  have 
a  marked  influence  on  the  spasm,  even  in  cases  in  which  it  is  certainly  not 
hysterical  in  nature.  In  one,  the  administration  of  these  two  drugs,  without 
other  treatment,  reduced  severe  spasm  to  a  very  trifling  degree  of  intensity, 
and  the  improvement  continued  for  some  months,  but  the  spasm  then 
increased  again  and  resisted  all  remedies.  Sedatives  frequently  lessen  the 
spasm  while  their  action  on  the  system  continues,  especially  opium,  morphia, 
chloral,  succus  conii'  in  large  doses  (gradually  increased  to  two  ounces), 
bromide  of  potassium,  and  Indian  hemp.  But  the  discontinuance  of  the 
drug  is  usually  followed  by  a  relapse  to  the  former  degree  of  severity, 
although  occasionally  this  does  not  take  place  for  some  weeks  or  even 
months.  I  have  only  once  known  great  and  permanent  improvement  to 
result  from  the  internal  administration  of  sedatives,  which  in  this  case  con- 
sisted of  the  combination  of  bromide  of  potassium  and  cannabis  indica. 
There  is  one  mode  of  treatment  that  has  in  many  cases  had  a  more  lasting 
influence,  but  it  is  a  remedy  that  has  to  be  carefully  weighed  in  the  balance 
against  the  disease — the  hypodermic  injection  of  morphia.  Continued  for 
several  months,  in  doses  increased  gradually  to  half  a  grain  or  a  grain  a  day, 
it  has  entirely  removed  the  spasm.  But  the  patients  so  treated  find  the  dis- 
continuance of  the  drug  extremely  difficult,  not  only  on  account  of  the  crav- 
ing for  it  that  is  established  but  also  because  (what  is  perhaps  part  of  the 
craving)  they  feel,  or  imagine  they  feel,  a  tendency  to  the  return  of  the 
spasm  if  the  drug  is  discontinued.  In  one  very  severe  and  distressing  case 
of  retrocollic  spasm,  in  a  man  aged  forty-five,  all  muscular  contractions 
ceased  under  the  influence  of  the  drug,  and  the  patient  has  now  been  free 
for  ten  years,  but  has  never  left  off  the  use  of  morphia,  although  he  has  not 
increased  the  dose  above  that  named.  A  patient  so  treated  should  undergo 
a  subsequent  course  for  the  eradication  of  the  morphia  habit,  before  he 
passes  from  the  hands  of  the  practitioner,  and  the  effect  of  the  withdrawal 
of  the  morphia  should  be  carefully  observed.  Cocain  may  be  used,  but  for 
a  time  only,  as  the  morphia  is  being  withdrawn.  Unless  these  measures  are 
adopted,  the  treatment  is  the  substitution  of  one  morbid  state  for  another, 
and  that  which  is  substituted  may  be  in  the  end  the  more  harmful  of  the  two. 
The  patient  above  mentioned,  however,  has  had  ten  years  of  perfect  comfort 
in  exchange  for  a  condition  that  was  most  distressing  ;  the  spasm  was  so 
severe  that  he  could  never  enter  a  public  conveyance  on  account  of  the 
painful  observation  he  excited.  Reynolds  has  also  described  favorable  results 
from  the  treatment.*     The  addition  of  arsenic  to  the  injected  morphia  has 

*  "  System  of  Med.,"  vol.  ii,  p.  797. 
64* 
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been  advocated  by  Radcliffe,  but  arsenic  alone,  either  by  the  mouth  or  by 
hypodermic  injection,  seldom  has  much  influence,*  and  it  is  therefore  prob- 
able that  the  influence  of  the  combination  is  due  chiefly  to  the  morphia. 

Electricity  has  been  used  in  various  ways  in  the  treatment  of  the  disease. 
The  method  that  has  generally  been  employed  is  the  application  of  the  vol- 
taic current  to  over-acting  muscles,  a  weak  current  being  used,  in  which  the 
current  has  some  sedative  influence.  The  positive  pole  may  be  placed  just 
below  the  occiput  or  on  the  highest  accessible  part  of  the  nerve,  and  the 
negative  on"each]contracting  muscle,  for  five  or  ten  minutes.  Thus  employed, 
it  has  been  said  to  do  good  in  some  cases;  in  one,  of  severe  bilateral  spasm, 
recorded  by  Poore,  the  affection  almost  ceased  under  the  treatment.  In  gen- 
eral, however,  it  fails  to  do  more  than  produce  a  slight  and  transient  diminu- 
tion in  the  spasm;  I  have  not  myself  seen  any  permanent  good  result  from 
electricity,  even  when  long  continued.  Faradization  of  the  antagonists  of 
the  over-acting  muscles  has  also  been  recommended,  but  this  method  is  as 
destitute  of  rational  foundation  as  it  is  of  practical  effect.  The  disease 
probably  never  results  from  the  weakness  of  the  opponents,  and  cannot  be 
lessened  by  increasing  their  activity.  I  have  known  a  blister  over  the  con- 
tracting muscles  to  lessen  the  spasm  for  a  time  in  very  marked  degree,  but 
the  effect  is  seldom  as  permanent  as  it  often  is  in  hysterical  spasm. 

Mechanical  supports  afford  occasionally  some  relief,  which  depends  on  the 
fact  that  the  greater  the  movement  and  muscular  contraction,  the  greater  is 
the  discomfort  produced.  Many  patients  are  comparatively  easy  when  they 
are  sitting  in  a  chair  with  a  high  back,  against  which  they  can  fix  the  head. 
The  best  support  is  one  in  which  a  rigid  rod  is  carried  up  to  the  back  of  the 
head,  and  from  its  top  a  small  pad  projects  on  the  side  toward  which  the 
occiput  is  turned  by  the  spasm,  so  that  the  patient  is  able  to  press  the  head 
against  the  pad.  The  instrument  needs  careful  contrivance,  having  to  be 
specially  adapted  to  each  individual  case,  and  it  is  only  when  the  spasm  is 
moderate  in  degree  that  the  expedient  is  fairly  successful.  Instruments  that 
are  designed  to  fix  the  head  rigidly,  and  prevent  all  movement,  can  never  be 
endured. 

A  few  cases  are  on  record  in  which  division  of  the  spinal  accessory  nerve 
was  followed  by  a  cure,  but  these  cases  have  differed  in  some  particulars  from 
the  common  form.  One  instance  is  the  case  recorded  by  Annandale,  men- 
tioned at  p.  1017,  note.f  The  nerve  has  also  been  stretched  in  many  cases. 
Both  division  and  stretching  have  been  unsuccessful  in  most  of  the  cases  in 
which  these  measures  have  been  adopted.  The  spasm  has  returned  when  the 
effect  of  the  stretching  had  passed  away,!  an(^  when  the  nerve  has  been 

*  A  case  of  clonic  spasm  which  recovered  under  the  administration  of  arsenic,  recorded  by 
Buzzard,  was  certainly  of  hysterical  nature  (Brit.  Med.  Journal,  1881,  p.  937). 

f  Another  successful  case  has  been  recorded  by  DeMorgan  (Med.-Chir.  Rev.,  July,  1866). 

\  The  only  case  in  which  great  improvement  followed  stretching  was  very  unusual,  in  the 
fact  that  the  patient  was  a  boy  of  fourteen,  and  the  spasm  affected  also  the  muscles  of  the 
back  and  both  arms.  It  was  probably  more  closely  allied  to  the  hysterical  than  to  the  ordi- 
nary form.     (Southam,  Lancet,  1881,  ii,  p.  369.) 
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divided,  the  spasm  has  often  spread  to  other  muscles.  I  have  seen  one  case, 
in  which  the  spasm  commenced  in  the  hand  and  spread  up  the  arm  to  the 
neck,  in  which  the  brachial  plexus  was  stretched,  but  the  operation  was  fol- 
lowed by  no  improvement  in  the  arm,  and  by  a  great  increase  in  the  spasm 
in  the  neck.  Should  nerve  stretching  be  employed  in  any  future  case,*  it  is 
desirable  that  the  operation  alone  should  not  be  trusted  to,  but  that  its 
influence  should  be  supplemented  by  that  of  the  hypodermic  injection  of 
morphia. 

The  most  useless  procedure  that  has  been  employed  is  the  division  of  the 
tendon  of  the  contracting  muscle.  This  has  been  sometimes  done  appar- 
ently because  the  operation  cures  the  totally  different  fixed  wry-neck.  In 
active  spasm  it  is  worse  than  useless,  because  the  division  of  the  tendon  per- 
mits the  muscle  to  shorten,  while  it  does  not  check  the  spasm,  and  the  greater 
the  contraction  of  the  muscular  fibres  the  greater  is  the  pain  occasioned  by 
the  contraction.  In  one  case  that  came  under  my  notice  some  time  after  the 
operation  had  been  performed,  the  patient's  suffering  was  much  increased, 
and,  probably  in  consequence  of  the  increased  pain,  the  spasm  had  spread 
to  other  muscles. 

TETANUS. 

Tetanus  is  a  disease  of  the  nervous  system  characterized  by  persistent 
tonic  spasm,  with  violent  brief  exacerbations.  The  spasm  almost  always 
commences  in  the  muscles  of  the  neck  and  jaw,  causing  closure  of  the  jaws 
{trismus,  lockjaw)  and  involves  the  muscles  of  the  trunk  more  than  those  of 
the  limbs.  It  is  always  acute  in  onset,  and  a  very  large  proportion  of  those 
who  are  attacked  die.  The  disease  is  usually  the  result  of  a  wound  {trau- 
matic tetanus'),  but  sometimes  occurs  without  external  injury,  especially  from 
exposure  to  cold  (idiopathic  or  rheumatic  tetanus).  It  occurs,  also,  in  newly- 
born  children  {tetanus  neonatorum,  trismus  nascentium),  and,  rarely,  after 
childbirth  or  abortion  {puerperal  tetanus). 

Traumatic  tetanus  has  been  divided  into  two  forms,  acute  and  chronic,  as 
it  commences  before  or  after  the  tenth  day  from  the  injury.  But  this  is  a 
misuse  of  words,  since  all  cases  are  acute  or  subacute  at  the  onset,  and  all 
cases  that  recover  pass  through  a  chronic  stage. 

Etiology. — It  is  convenient  to  consider  separately  the  causes  of  the  dis- 
ease in  puerperal  women  and  newly-born  children.  The  ordinary  forms  of 
the  disease  are  far  more  common  in  males  than  in  females.  In  traumatic 
cases  the  proportion  between  the  sexes  is  nearly  as  six  to  one.f     The  idio- 

*  Details  of  the  operation  will  be  found  in  the  paper  of  Southam. 

f  The  published  series  of  cases  at  Glasgow  (Lawrie,  Glasgow  Med.  Journal,  iSjj,  vol.  i, 
p.  339),  and  at  Guy's  Hospital  (Poland,  Guy's  Hosp.  Rep.,  1857;  F.  Taylor,  Guy's  Hosp. 
Sep.,  1878),  idiopathic  cases  excluded,  comprise  160,  of  which  138  were  in  males  and  22 
in  females.  Consecutive  series  of  cases  such  as  these  give  more  accurate  statistics  than 
collections  of  cases  which  have  been  published  separately  (often  on  account  of  some  special 
feature),  and  also  than  the  more  massive  but  undifferentiated  statistics  of  the  general 
mortality. 
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pathic  form  also  occurs  in  males  more  frequently  than  in  females,  although 
the  disproportion  is  not  quite  so  great  as  in  the  traumatic  form.  Of  46  idio- 
pathic cases  which  I  have  collected,  37  were  males  and  9  females,  a  proportion 
of  four  to  one.  Doubtless  the  chief  cause  of  the  different  liability  of  the  sexes 
is  to  be  found  in  the  increased  exposure  to  the  immediate  causes  that  is 
involved  in  the  occupations  of  men. 

Tetanus  occurs  at  every  period  of  life.  The  distribution  of  the  160  trau- 
matic cases  and  of  46  idiopathic  cases  is  shown  in  the  tables  below: — 

Traumatic  1-9        10-19        20-29        3°"39        40-49        5°-59        6o  -+■ 

Males     .  5      ...     36      ...      32     ...      29     ...      20      ...      11       ...      S 

Females         .      4      ...       7      ...        4     —        5     •••        2      —        °       ■■•      ° 

Total     .         .      9      ...     43      —      36     •••      34     —      22      ...      11       ...      5 

Percent.         .     5.5     ...     27       ...22.5     ...       21      ...       14      ...         7       ...      3 

Idiopathic       .     1-9        10-19        20-29        3°~39        4°-49        5°-59        6o  + 

Males    .  2       ...       5       ...        9     ••■       I2     •■■        4      ...        °       •■■      3 

Females  I       ...       4      •••        °     •••        2     —        2      •••        °       •■•      ° 

Total     .  3      ...       9      ...        9     •■•      '4     •■•        6      ...       o       ...      3 

During  the  first  five  years  of  life  (the  first  month  excepted)  there  is  an 
almost  complete  immunity  from  tetanus,  the  cases  under  ten  occurring  after 
five.  The  second  decade  of  life  yields  the  largest  proportion,  rather  more 
than  a  quarter;  the  third  and  fourth  decades,  each  rather  less  than  a  quarter, 
so  that,  in  the  thirty  years  of  life  from  10  to  40,  about  three-quarters  of  the 
total  number  of  cases  occur.  The  disease  continues,  with  decreasing 
frequency,  up  to  old  age,  and  has  been  met  with  as  late  as  89  (Yandell). 
The  few  cases  in  childhood  (5  to  10  years)  occur  in  each  sex  with  almost 
equal  frequency  ;  from  10  to  40  the  proportion  between  the  sexes  is  near  the 
average  (one  to  six)  ;  between  40  and  50  women  suffer  less  frequently,  and 
after  fifty  cases  in  women  are  very  rare. 

Dark-skinned  races  have  been  observed  to  suffer  from  all  forms  of  tetanus 
more  frequently  than  Europeans,  in  countries  where  both  are  exposed  to  the 
same  influences.  In  hot  countries,  e.g.,  India  and  the  West  Indies,  tetanus 
is  far  more  common  than  in  temperate  regions.  Even  in  the  tropics,  it  is 
chiefly  prevalent  at  certain  periods  and  in  certain  places.  In  temperate 
climates,  however,  its  occurrence  does  not  appear  to  be  influenced  by  weather, 
or  by  the  season  of  the  year. 

It  is  very  doubtful  whether  previous  health  exerts  any  influence  on  the 
occurrence  of  the  disease.  It  is  met  with  in  the  robust  as  well  as  in  the 
weakly.  Erichsen  believes  that  depressing  emotions  predispose  to  it,  and 
there  is  some  reason  to  think  that  fear  of  the  disease  may  influence  its 
occurrence.* 

*  A  curious  case  bearing  on  this  point  has  been  communicated  to  me  by  Mr.  A.  C.  Roper, 
of  Exeter.  A  highly  nervous  girl  was  thrown  from  her  horse,  and  sustained  a  lacerated  wound 
of  one  hand,  the  abductor  pollicis  being  cut  through  by  a  sharp  stone.     She  was  much  afraid 
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The  immediate  causes  of  tetanus  are  chiefly  two — injuries  and  exposure  to 
cold.  Both  may  coexist.  The  traumatic  cause  usually  involves  an  actual 
wound  of  the  surface.  The  wound  may  be  in  any  position,  of  any  character, 
and  of  any  degree  of  severity.  Cases  have  been  recorded  in  which  tetanus 
has  followed  the  most  trifling  injuries  (the  stings  of  bees  and  wasps,  the 
prick  of  a  thorn,  the  removal  of  a  foreign  body  from  the  eye),  every  kind 
of  incised,  punctured,  contused  and  lacerated  wounds,  and  almost  every 
form  of  surgical  operation,  from  the  extraction  of  a  tooth  to  ovariotomy. 
But  it  is  far  more  common  after  punctured,  contused  and  lacerated  wounds 
and  extensive  burns,  than  after  incised  wounds.  Hence  it  is  comparatively 
rare  after  surgical  operations.  -Injuries  of  nerves  have  been  supposed  to  give 
rise  to  it  with  especial  frequency,  but  those  of  small  nerves  seem  to  be  more 
effective  than  those  of  large  nerve  trunks.  The  order  of  frequency  *  with 
which  the  several  parts  have  been  the  seat  of  the  wound  that  caused  tetanus 
is  (i)  hand,  (2)  leg,  (3)  foot,  (4)  head  and  neck,  (5)  arm,  (6)  trunk.  It  is 
uncertain  what  influence  the  condition  of  the  wound  exerts;  it  has  some- 
times been  in  an  unhealthy,  irritated  condition  ;  more  frequently  it  has  been 
in  a  perfectly  healthy  state,  and  sometimes  cicatrization  was  advanced,  or 
even  complete.  Spontaneous  disease,  ulcers,  for  instance,  may  also  cause 
tetanus,  although  far  less  frequently  than  wounds.  In  rare  instances,  the 
disease  has  followed  injuries  which  involved  no  breach  of  surface,  as  flog- 
ging, and  falls  on  the  back  of  the  head  and  spine. 

The  interval  between  the  infliction  of  the  wound  and  the  appearance  of 
the  first  symptoms  of  tetanus,  is  usually  from  five  to  fourteen  days  (in  two- 
thirds  of  the  cases),  but  the  malady  may  set  in  earlier  or  later.  Many  cases 
have  been  recorded  which  commenced  within  forty-eight  hours  of  the 
injury,  a  few  within  twelve  hours,  and  one  or  two  in  which  tetanus  came  on 
immediately.  In  Robison's  often-quoted  case,  a  negro,  who  cut  his  hand 
with  a  piece  of  porcelain,  was  dead  in  fifteen  minutes.     On  the  other  hand, 


of  "  lockjaw,"  but  her  fears  were  removed,  and  all  went  on  well  for  four  days,  when  her 
dread  of  the  disease  was  revived  by  a  friend's  expression  of  anxiety  for  her  on  this  account. 
She  immediately  procured  "  Chambers's  Encyclopaedia,"  and  read  the  account  of  the  disease 
given  there.  In  the  evening  of  the  same  day  she  declared  that  she  could  not  open  her  mouth, 
and  that  her  neck  was  stiff.  There  was  distinct  rigidity,  which  was  lessened  by  a  hypoder- 
mic injection  of  morphia,  but  continued  on  and  off  for  five  days,  without  any  constitutional 
disturbance.  Her  mind  was  constantly  dwelling  on  the  subject.  On  the  sixth  day  the 
spasm  increased  in  intensity,  and  on  the  seventh  the  symptoms  of  tetanus  were  so  distinct 
that  the  hand  was  amputated ;  but  the  spasms  continued,  and  she  died  on  the  eighth  day 
from  the  onset  of  the  trismus,  and  the  twelfth  after  the  accident. 

*  According  to  395  cases  tabulated  by  Thamhayn  [Schmidt's  Jahrbucher,  vol.  cxii,  1861). 
This  does  not  show  its  absolute  frequency  in  wounds  of  each  part ;  for  the  determination  of 
this  no  adequate  statistics  at  present  exist.  It  is  said  by  some  to  be  very  seldom  caused  by 
wounds  of  the  head  and  neck.  Of  505  cases  of  tetanus  tabulated  in  the  records  of  the 
American  civil  war,  only  twenty-one  were  due  to  injuries  of  those  parts.  Nevertheless,  one 
peculiar  form  of  tetanus  (cephalic  tetanus)  seems  to  be  produced  chiefly  by  injury  in  the 
region  of  the  fifth  nerve  (see  p.  1035). 
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tetanus  occasionally  commences  during  the  third  or  fourth  week  after  the 
injury ;  scarcely  ever  later  than  a  month. 

Idiopathic  tetanus  is  usually  excited  by  exposure  to  cold,  especially  to  wet 
cold  when  the  body  is  perspiring.  In  many  cases  the  exposure  has  been 
repeated  and  prolonged.  When  due  to  a  single  exposure,  so  that  the 
interval  could  be  ascertained,  it  has  rarely  exceeded  two  days,  and  has  fre- 
quently been  only  a  few  hours.  In  many  cases  classed  as  traumatic  tetanus 
the  disease  has  been  excited  by  exposure  to  cold  after  the  receipt  of  the 
wound.  This  is  probably  the  chief  cause  of  the  special  frequency  of  tetanus 
in  soldiers  wounded  in  battle.  The  influence  of  cold  is  also  to  be  traced  in 
the  causation  of  some  cases  of  puerperal  and  neonatal  tetanus. 

In  two  recorded  cases  tetanus  followed  alcoholic  intoxication  without 
other  cause  that  could  be  discovered.  In  two  others  exposure  to  the  hot 
sun  apparently  excited  the  disease,  and  in  one  case  the  malady  (rapidly  fatal) 
immediately  followed  a  violent  emotion.  Very  rarely  an  internal  inflam- 
mation has  been  the  apparent  cause  of  tetanus.  The  inflammation  has  been 
of  a  serous  membrane,  pleura,  pericardium,  or  peritoneum  in  most  cases, 
and  has  been  produced  by  cold.  Intestinal  worms  have  occasionally  been 
found  in  the  bodies  of  those  who  have  died  of  the  disease,  but  it  is  uncertain 
whether  the  malady  was  due  to  the  irritation  thus  produced,  or  whether  the 
coincidence  was  accidental.  Lastly,  idiopathic  tetanus  has  occasionally  come 
on  without  any  condition  being  discovered  to  which  it  could  be  ascribed. 

Puerperal  tetanus  is  frequent  in  hot  countries,  and  is  perhaps  the  most 
terrible  form  of  the  disease.  It  is  said  that  in  Bombay,  in  three  years,  232 
women  died  from  this  cause.  Fortunately,  it  is  very  rare  except  in  the 
tropics.  Of  fifty  cases  in  temperate  countries,  of  which  I  have  been  able 
to  find  some  particulars,*  it  occurred  in  eighteen  after  abortion  ;  in  thirty- 
two  after  labor  at  or  near  the  full  time.  The  cases  were  spread  over  the 
child-bearing  period  of  life,  the  youngest  patient  being  twenty-two,  the 
oldest  forty-eight.  Those  after  abortion  occurred  from  the  second  to  the 
fourth  month  of  pregnancy.  In  most  of  the  cases  there  was  severe  hemor- 
rhage, and  in  seven  it  is  e\pressly  stated  that  the  vagina  was  plugged,  a  pro- 
cedure that  has  been  thought  to  influence  the  occurrence  of  the  disease. 
The  interval  between  the  abortion  and  the  first  symptoms  varied  from  five 
to  thirteen  days,  and  in  two-thirds  of  the  cases  was  from  five  to  ten  days  ; 
in  no  case  less  than  five.  In  two  cases  instruments  had  been  used  to  procure 
abortion,  and  metritis  had  resulted.  In  only  one  case  was  the  tetanus  appar- 
ently excited  by  exposure  to  cold,  on  the  tenth  day ;  the  first  symptoms 
occurred  on  the  eleventh. 

Of  the  cases  after  labor,  the  particulars  of  the  labor  are  recorded  in 
twenty-six  cases,  and  in  only  three  was  there  no  abnormal  condition  during 
or  after  parturition.  The  most  frequent  accident  was  adhesion  of  the  pla- 
centa, which  existed  in  nearly  half  the  cases  (twelve).     Metritis  occurred 

♦Including  sixteen  of  those  collected  by  Simpson  (Edin.  Med.  Journ.,  1854).  In  sev- 
eral cases  it  has  followed  the  Cesarean  section,  but  these  are  not  included. 
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alone  in  two,  and  in  association  with  pharyngeal  diphtheria  in  one.  In 
only  one  case  was  the  forceps  used ;  in  one  there  was  placenta  prsevia  and 
turning  was  necessary.  In  four  cases  the  disease  was  apparently  excited  by 
a  subsequent  exposure  to  cold  ;  and  in  one  it  succeeded  a  secondary  hemor- 
rhage, two  weeks  after  delivery,  for  which  the  vagina  was  plugged.  The 
interval  before  the  appearance  of  the  symptoms  (noted  in  twenty-seven 
cases)  varied  more  than  in  the  cases  after  abortion,  but  in  nearly  half  (twelve 
cases)  it  was  from  five  to  seven  days  (inclusive).  In  one-third  (nine  cases) 
it  came  on  during  the  second  week. 

In  three  cases,  which  occurred  after  fourteen  days,  a  secondary  exciting 
cause  could  be  traced  (diphtheria  and  metritis,  cold,  secondary  hemorrhage). 
On  the  other  hand,  the  interval  was  once  only  three  days  and  once  four 
days,  and  in  one  exceptional  case  (without  albuminuria)  symptoms  of 
tetanus  came  on  during  labor,  ceased  for  three  hours  after  delivery,  then 
recurred  with  such  severity  as  to  cause  death  in  an  hour.* 

Tetanus  neonatorum  is  fortunately  a  rare  disease  in  this  country,  but,  like 
other  forms,  it  is  exceedingly  common  in  certain  tropical  countries,  especially 
among  the  colored  races.  In  Demerara,  at  one  period,  one-half  of  the 
negro  children  died  from  this  cause.  But  it  is  endemic,  also,  in  some  locali- 
ties far  removed  from  the  tropics,  as  in  the  notorious  instance  of  Heimaey, 
an  island  near  Iceland,  where  the  population  at  one  time  was  kept  up  only 
by  immigration,  almost  all  the  children  dying  from  this  cause.  In  these 
circumstances,  it  is  probable  that  the  disease  is  ultimately  due  to  insanitary 
conditions,  since  the  employment  of  well-arranged  lying-in  hospitals  has 
caused  the  affection,  formerly  prevalent,  to  disappear."}"  The  liability  to 
tetanus  in  newly-born  children  seems  to  be  uninfluenced  by  sex ;  boys  suffer 
only  a  little  more  frequently  than  girls.  J  The  disease  is  usually  ascribed  to 
the  influence  of  the  umbilical  wound,  which  is  frequently  inflamed  ;  some- 
times arteritis  extends  from  it  along  the  cord.§  The  navel  may,  however, 
be  healthy  in  appearance,  both  during  life  and  after  death.  In  hot  climates 
(e.  g.  India,  according  to  Wallace)  tetanus  often  results  from  circumcision, 
being  far  more  common  during  the  second  and  third  week  of  life  among 
Jews  and  Mohammedans  than  among  Christians.  ||  Occasionally  (as  in  other 
traumatic  cases)  an  exposure  to  cold  apparently  excites  the  disease.  Tetanus 


*  Curtis  Smith,  Philadelphia  Med.  Reports,  1873. 

f  Of  three  successive  children  of  the  same  mother,  the  first  two,  born  in  one  house,  died 
of  tetanus;  the  third,  born  in  a  different  house,  did  not  suffer  (Salzmann,  Wurt.  Cor.-bl., 
1885).     Of  course  the  change  of  residence  may  have  involved  many  differences. 

%  In  Ireland,  of  371  deaths  from  tetanus,  under  five  years,  between  1841  and  1851,  219 
were  of  boys  and  1 5  2  of  girls.  It  is  probable  that  all  these  cases  were  of  tetanus  neona- 
torum, since,  as  already  stated,  the  disease  is  otherwise  practically  unknown  under  five 
years. 

\  Two  cases,  due  apparently  to  umbilical  ulceration,  one  in  a  child  three  weeks  old,  are 
described  by  Godlee  and  Williams,  Med.  Times  and  Gaz.,  December  27th,  1884. 

II  Wallace,  Lancet,  1882,  August  12th. 
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neonatorum  usually  begins  between  the  third  and  seventh  day,  occasionally 
not  till  the  second  week,  very  rarely  later.* 

Symptoms. — Whatever  be  the  cause  of  tetanus,  the  symptoms,  as  a  rule, 
are  the  same.  Very  rarely  vague  pains  in  the  head,  the  epigastrium,  or,  in 
traumatic  cases,  at  the  seat  of  the  wound,  have  preceded  the  onset.  The 
first  symptom  is  usually  some  sense  of  stiffness  on  movement  of  the  neck 
or  jaw,  sometime  difficulty  in  swallowing,  or  stiffness  in  the  tongue.  The 
patient  thinks  that  he  has  got  a  stiff  neck  from  sitting  in  a  draught,  and  if,  as  is 
often  the  case,  the  symptoms  have  actually  followed  on  exposure  to  cold, 
the  patient's  impression  may  be  shared  by  his  medical  attendant.  But  in 
the  course  of  a  few  hours,  or  at  most  of  a  day  or  two,  the  difficulty  in  sepa- 
rating the  jaw  becomes  greater,  and  is  clearly  due  to  increasing  rigidity 
of  the  masseters.  With  this  there  is  also  more  stiffness  in  the  neck,  and 
the  head  is  slightly  bent  backward  from  the  preponderance  of  the  spasm  in 
the  extensor  muscles.  As  the  rigidity  in  the  neck  increases  it  passes  down 
the  spinal  muscles,  until  the  vertebral  column  becomes  over-extended  in 
what  is  called  "opisthotonos."  The  legs  may  also  become  extended  and 
rigid,  but  the  arms  are  little  affected.  Sometimes  opisthotonos  comes  on  at 
the  same  time  as  the  rigidity  in  the  jaw. 

As  the  rigidity  increases  it  involves  the  facial  muscles.  Apparently  all 
the  facial  muscles  are  affected,  but  those  which  are  strongest  overcome  the 
others,  and  impress  on  the  countenance  the  effects  of  their  contraction. 
Thus  the  eyebrows  are  raised  by  the  frontalis,  while  the  ocular  fissure  is  les- 
sened by  the  orbicularis.  The  angles  of  the  mouth  are  drawn  outward  and 
a  little  downward,  and  the  upper  lip  is  pressed  against  the  teeth,  in  what  has 
been  termed  the  "  risussardonicus.  "f 

The  tonic  spasm  or  rigidity  occasions  at  first  little  discomfort  beyond  a 
feeling  of  stiffness,  but  as  it  increases  a  pain  is  felt  in  the  rigid  muscles. 
Soon,  however,  paroxysms  of  spasm  occur,  at  first  slight,  but  gradually 
increasing  in  severity,  and  cause  distressing  cramp-like  pain.  The  parox- 
ysms are  usually  brief,  lasting  from  five  to  fifteen  seconds,  and  the  spasm  is 
greatest  in  those  muscles  which  are  the  seat  of  the  tonic  rigidity.     Thus  the 


*  Tetanoid  spasms,  commencing  within  twenty-four  hours  of  birth,  are  probably  due  to 
meningeal  hemorrhage  (see  p.  801).  Marion  Sims  maintained  that  tetanus  may  be  pro- 
duced  by  displacement  forward  of.  the  occipital  bone,  irritating  the  medulla.  This  displace- 
ment, he  said,  is  physiological  during  birth,  and  is  maintained  afterward,  in  these  cases,  by 
the  child  lying  on  its  back,  with  the  head  resting  on  the  arm  of  the  nurse ;  the  symptoms 
may  be  removed  by  keeping  it  on  its  side,  first  one,  then  the  other,  for  a  few  hours  (Ameri- 
can yournal  of  Medical  Sciences,  April,  1846;  July  and  October,  1848).  Evidence  in  favor 
of  this  opinion  has  been  brought  forward  by  Wilhite  (ibid.,  1875,  p.  375),  and  by  Hartigan 
(ibid.,  Jan.,  1884) ;  but  these  authors  are  manifestly  in  error  in  believing  all  cases  of  tetanus 
neonatorum  to  be  thus  produced,  and  thus  remediable.  Indeed,  the  correct  statement  of  the 
facts,  if  their  view  is  correct,  is  not  that  tetanus  is  thus  produced,  but  that  tetanus  neona- 
torum is  less  common  than  is  supposed,  and  is  simulated  by  the  effects  of  compression  of 
the  brain. 

f  Frpm  a  plant  Sardonia,  so  called  because  it  grows  in  Sardinia. 
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posture  produced  by  the  latter  is  increased  during  the  attacks.  The  head  is 
drawn  back,  the  spine  is  arched,  the  legs  rigid,  and  the  feet  extended,  so 
that  the  patient,  in  a  severe  paroxysm,  may  rest  on  the  head  and  heels. 
The  peculiar  expression  of  the  face  is  exaggerated  during  the  attacks ;  the 
jaw  is  firmly  closed,  and  sometimes  the  tongue  is  bitten  from  being  caught 
between  the  teeth  when  the  paroxysm  comes  on.  Other  muscles,  however, 
are  involved,  although  in  less  degree.  The  thorax  may  be  fixed  and  the 
glottis  closed,  while  the  face  becomes  livid,  in  consequence  of  the  inter- 
ference with  respiration.  The  abdominal  muscles  are  also  contracted  and 
hard,  like  boards,  while  the  arms,  though  free  from  rigidity  at  the  elbow  and 
hand,  may  be  fixed  to  the  thorax  during  the  paroxysms.  In  addition  to 
the  cramp-like  pain  in  the  muscles,  severe  and  very  distressing  pain  is  fre- 
quently felt  in  the  epigastric  region,  darting  through  to  the  back.  It  may 
be  an  early  symptom,  and  is  supposed  to  be  due  to  spasm  in  the  diaphragm. 
During  the  paroxysms  this  pain  is  intensified.  From  the  violence  of  the 
muscular  action  the  surface  is  covered  with  sweat,  and  during  the  paroxysms 
perspiration  may  pour  in  streams  from  the  body. 

Among  the  variations  in  the  symptoms  it  may  be  noted  that  in  extremely 
rare  cases  the  spasm  commences  in  the  limb  injured.  Occasionally  the  stiff- 
ness in  the  throat  precedes  that  in  the  jaw,  and  may  be  described  as  "  sore 
throat."  It  has  been  known  to  continue  for  a  week  before  the  rigidity  of 
the  masseters  was  sufficient  to  prevent  inspection  of  the  throat.  Usually  the 
spasm  is  equal  in  the  two  masseters,  but  in  one  recorded  case  it  commenced 
on  the  side  that  had  been  exposed  to  a  draught  (Harris  and  Doran).  The 
spasm  is  always  more  extensive  than  the  posture  suggests ;  the  muscles  which 
are  most  powerful  determine  the  attitude,  but  their  weaker  opponents  parti- 
cipate (perhaps  equally)  in  the  spasm.  Thus  the  muscles  that  depress  the 
jaw  become  rigid,  as  well  as  those  that  raise  it.  The  jaw  is  sometimes  fixed 
by  both  sets  of  muscles  without  being  quite  closed,  and  in  one  case  the  jaw 
remained  widely  open  during  a  paroxysm. 

Opisthotonic  spasm  is  the  rule,  to  which  the  exceptions  are  few.  Rarely 
the  trunk  is  bent  forward,  from  predominant  cramp  in  the  abdominal  mus- 
cles and  other  flexors  of  the  spine — "  emprosthotonos."  Still  more  rarely 
there  is  slight  lateral  flexion,  "  pleurothotonos,"  or  the  trunk  and  neck  are 
rigid  in  a  straight  line,  "  orthotonos."  These  irregular  forms  seem  to  be 
rather  more  frequent  in  cases  of  idiopathic  tetanus  than  in  the  traumatic 
form.  In  a  case  recorded  by  Treves,  considerable  pain  in  the  abdomen 
accompanied  the  emprosthotonos  and  shifted  to  one  side  as  the  spasm  became 
pleurothotonic. 

The  tonic  spasm,  although  constant,  usually  varies  in  degree,  and  is  occa- 
sionally, in  slight  cases,  intermittent.  Rarely  there  are  no  paroxysmal 
exacerbations,  still  more  rarely  there  are  attacks  of  spasm  but  no  continuous 
rigidity.  The  paroxysms  are  sometimes  very  brief  and  frequently  repeated, 
so  as  to  resemble  sudden  shocks  or  a  slow  clonic  spasm. 

The  muscles  of  respiration,  in  many  cases,  share  the  tonic  spasm ;  the 
respiratory  movements  are  then  limited  in  range,  and  the  breathing  is  short 
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and  hurried.  During  severe  paroxysms  the  glottis  may  be  also  closed, 
respiration  is  arrested,  and  death  from  asphyxia  sometimes  results.  It  is 
said  that  the  spasm  is  inspiratory  in  some  cases,  in  others  expiratory.  The 
former  is  probably  more  frequent.* 

During  sleep,  whether  spontaneous  or  induced  by  chloroform,  the  spasm 
usually  ceases,  but  it  returns  in  undiminished  force  when  the  patient  awakes. 
It  has  been  thought,  indeed,  that  after  prolonged  sleep  from  chloroform  the 
violence  of  the  spasms  is  increased  in  proportion  to  the  length  of  time  they 
have  been  kept  in  abeyance.      Consciousness  is  unaffected,  even  to  the  last. 

The  pulse  is  increased  in  frequency,  especially  during  the  paroxysms,  and 
is  often  very  small.  There  is  some  reason  to  believe  that  the  small  size  of  the 
pulse  is  due  to  general  vasomotor  spasm.  The  temperature  varies  much  in 
different  cases.  It  is  often  normal,  or  nearly  so,  during  the  whole  course  of 
the  disease,  although  in  fatal  cases  there  is  usually  a  moderate  rise  (20  or  30) 
toward  the  end.  In  other  cases  there  is  a  continuous  elevation  of  30  to  5°, 
without  evening  remission,  although  frequent  measurements  may  show  a 
slight  rise  at  each  paroxysm,  and  a  slight  fall  at  each  interval,  so  that  the 
chart  presents  a  serrated  tracing  (H.  C.  Wood).  In  other  cases  irregular 
variations  occur,  without  corresponding  variations  in  the  symptoms.  Lastly, 
in  some  instances,  the  temperature  rises  toward  the  end  to  an  extreme  degree, 
1080  or  no0,  and,  as  Wunderlich  first  showed,  the  elevation  may  continue 
for  a  few  hours  after  death,  and  even  reach  114°.  Some  of  the  increase  in 
body-heat  may  be  due  to  the  increased  muscular  work,  but  this  cannot  be 
regarded  as  the  chief  source  of  the  pyrexia.  Verneuil  has  pointed  out  that 
the  cases  in  which  the  muscular  spasm  is  greatest  are  rarely  those  in  which 
the  temperature  is  highest.  Most  of  the  fever  is  apparently  of  nervous 
origin.  The  hyperpyrexia  is  comparable  to  that  met  with  in  some  cases  of 
disease  of  the  pons  Varolii  and  upper  part  of  the  spinal  cord,  and  may  be 
associated  with  the  fact  that  the  earliest  symptoms  of  tetanus  proceed  from 
this  region. 

The  urine  is  usually  scanty  and  high  colored,  perhaps  partly  in  conse- 
quence of  the  loss  of  water  by  the  skin.  The  amount  of  nitrogenous  mat- 
ter excreted  (urea,  kreatinin,  etc.)  is  not  increased,  even  in  pyrexial  cases,  a 
striking  difference  from  most  febrile  diseases  (Senator).  Micturition  maybe 
interfered  with  by  the  spasm ;  sometimes  there  may  be  actual  retention. 
The  bowels  also  are  usually  confined,  in  some  cases  in  very  obstinate  degree. 

Varieties. — In  their  developed  symptoms,  cases  of  tetanus  present  little 
variety,  but  the  early  aspect  of  the  case  differs  according  to  the  seat  of  the 
spasm.  There  is,  however,  one  form  that  presents  considerable  variation 
from  ordinary  type ;  on  account  of  the  distribution  and  character  of  the 


*  According  to  Richet  (Sociiti  de  Biologie,  March  4th,  1876),  in  the  inspiratory  spasm  the 
glottis  is  open,  in  the  expiratory  spasm  it  is  cl<5sed,  and  the  latter  entails  more  interference 
with  circulation,  and  more  danger  of  death  from  asphyxia,  than  the  former.  But  in  the  case 
recorded  by  Harris  and  Doran  [Path.  Trans.,  vol.  xxxi)  there  were  severe  paroxysms  of 
inspiratory  spasm,  and  the  patient  died  asphyxiated  at  the  end  of  the  second  day. 
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symptoms,  and  also  on  account  of  its  cause,  it  has  been  distinguished  by 
Rose  as  "  cephalic  tetanus  "  (Kopftetanus).  It  results  from  wounds  on  the 
head,  chiefly  in  the  region  of  the  fifth  nerve.  In  many  the  forehead  has 
been  the  part  injured.*  The  chief  peculiarity  is  that  initial  trismus  is  asso- 
ciated with  paralysis  of  the  face  on  the  same  side  as  the  injury.  In  many 
cases  there  is  also  a  peculiar  pharyngeal  spasm  on  swallowing,  often  accom- 
panied by  respiratory  spasm.  This  symptom  resembles  the  spasm  that 
occurs  in  hydrophobia,  and  hence  the  variety  has  also  been  termed  "tetanus 
hydrophobicus."  The  facial  palsy  involves  all  parts,  just  as  in  disease  of 
the  facial  nerve,  but  its  cause  is  unknown.  It  is  often  the  first  symptom. 
Occasionally  there  is  slight  contraction  in  the  face,  especially  in  the  orbicu- 
laris palpebrarum,  or  there  may  be  a  slight  sense  of  "  numbness  "  or  ting- 
ling in  some  , parts  of  the  face,  sometimes  on  both  sides.  There  is  no 
degenerativefreaction  during  life,-]"  and  no  disease  of  the  nerve  has  been 
found  after  death  ;  hence  it  is  presumed  to  be  of  reflex  origin.  We  have 
seen  (p.  620)  that  irritation  of  the  fifth  nerve  may  cause  paralytic  ptosis,  and 
it  is  worthy  of  note  that  in  one  recorded  case  ptosis  formed  part  of  the 
symptoms  of  this  disease.  J  Of  seventeen  recorded  cases,  five  have  recovered, 
between  the  ages  of  2}4  and  25.  All  the  cases  hitherto  met  with  over  25 
(which  have  occurred  at  various  ages  up  to  52)  have  been  fatal.  In  the 
cases  that  have  recovered  the  tetanic  spasm  and  facial  palsy  have  very  slowly 
passed  away,  the  symptoms  continuing  altogether  several  weeks.  Death  has 
usually  occurred  in  the  course  of  the  second  or  third  week. 

Other  varieties  depend  on  differences  in  the  course  of  the  disease  and  in 
the  distribution  of  the  early  symptoms.  In  the  most  severe  cases,  the  spasm 
in  the  trunk  may  come  on  with  that  in  the  jaw  ;  paroxysms  occur  almost 
from  the  first,  and  the  patient  may  die  in  two  or  three  days,  sometimes  in  a 
few  hours.  On  the  other  hand,  the  rigidity  in  the  jaw  and  neck  may  exist 
alone,  for  several  days,  even  for  a  week,  and  the  tetanic  spasms  on  the  trunk 
slowly  supervene.  In  extremely  rare  cases  transient  spasm  of  the  neck  and 
jaw  may  be  the  only  manifestation  of  the  disease,  the  abortive  form  of  Kuss- 
maul. 

In  cases  that  recover,  the  disease  always  ends  gradually,  passing  into  a 
chronic  stage.  The  paroxysms  of  spasm,  at  the  end  of  one,  two  or  three 
weeks,  become  slighter  and  less  frequent,  and  ultimately  cease,  while  the 
tonic  rigidity  continues,  slowly  lessening  in  degree.  It  disappears  first  in 
the  parts  affected  last,  and  endures  longest  where  it  commenced,  in  the  neck 
and  jaw.  At  last  it  is  felt  only  occasionally,  and  finally  ceases.  Very  rarely 
the  tonic  spasm  passes  off,  while  the  paroxysms  continue.  It  does  not  appear 
that  tetanus  leaves  behind  it  any  special  tendency  to  recurrence.     At  any 

*  A  few  instances  have  been  recorded  in  this  country,  as  by  C.  J.  Bond  [Brit.  Med. 
Jour.,  Nov.  10th,  1883)  and  Nankivell  [Lancet,  July  14th,  1883). 

f  Bernhardt,  Remak. 

J  Sereins,  VUn.  Med.,  No.  173,  1886.  The  case  is  evidently  an  instance  of  this  disease, 
although  it  is  not  described  as  such. 
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rate,  second  attacks  are  at  present  unknown*  Nor  have  sequelae  (paralysis, 
stc),  been  hitherto  observed. 

The  duration,  in  cases  that  recover,  varies  from  two  or  three  days  in  the 
most  trifling  and,  unhappily,  most  rare  form,  to  six  weeks  or  two  months  in 
those  that  are  as  severe  as  is  consistent  with  life  ;  it  is  usually  from  three  to 
five  weeks.  In  fatal  cases  the  limits  of  duration  also  vary,  although  less 
widely,  from  a  few  hours  to  four  weeks.  Most  cases,  however,  end  in  less 
than  a  fortnight,  and  if  this  period  is  over-lived,  the  patient's  chance  of 
recovery  is  fairly  good. 

The  mortality  of  tetanus  is  extremely  high,  rivaled  by  few  acute  diseases, 
and  excelled  among  its  congeners  only  by  hydrophobia.  In  traumatic 
tetanus  the  mortality  is  nearly  90  per  cent.,  and  seems  to  be  rather  greater 
in  women  than  in  men.f  The  influence  of  age  on  mortality  is  uncertain. 
Adequate  statistics  for  its  determination  do  not  at  present  existf|  It  is  greater 
after  severe  injuries  than  after  those  that  were  slight.  When  the  symptoms 
do  not  commence  until  after  ten  days  from  the  receipt  of  the  injury,  the 
proportion  of  recoveries  is  much  greater  than  in  those  that  commence  during 
the  first  ten  days,  and  seems  to  increase  the  longer  the  interval.  When  the 
disease  begins  within  ten  days,  recoveries  are  extremely  rare,  and  the  mor- 
tality seems  not  to  be  influenced  by  the  date  of  onset.  Still,  cas.es  have 
been  known  to  recover  in  which  the  disease  commenced  within  three  days 
from  the  time  of  the  injury.  Traumatic  tetanus,  although  more  common, 
does  not  appear  to  be  more  fatal,  in  hot  climates.  At  Calcutta  it  is  said  to 
be  about  83  per  cent.  (Wallace). 

At  present  there  are  no  adequate  statistics  from  which  to  ascertain  the 
mortality  in  idiopathic  tetanus.  In  the  cases  I  have  collected,  the  mortality 
was  50  per  cent.  Although  this  may  be  below  the  actual  mortality,  the  dis- 
crepancy is  probably  less  than  it  would  be  in  a  similar  collection  of  trau- 
matic cases,  because  a  larger  number  of  cases  are  published  merely  because 
they  are  idiopathic,  not  because  the  patients  have  recovered. J  In  hot 
climates,  idiopathic  tetanus  is  usually  stated  to  be  more  fatal  than  the  trau- 
matic variety,  but  the  statistics  of  Wallace  give  a  mortality  among  males 
of  56  per  cent.,§  nearly  the  same  as  that  just  given  for  temperate  climates. 

*  The  case  recorded  by  Ogle  (British  and  Foreign  Med.-Chir.  Rev.,  1868,  Oct.,  p.  488) 
is  inconclusive. 

f  It  has  been  strangely  understated  by  those  who,  disregarding  the  caution  given  long  ago 
by  Lawrie,  have  estimated  the  mortality  from  collections  of  cases  which  have  been  separately 
published,  most  of  them  because  the  patients  recovered.  For  instance,  the  total  mortality 
was  estimated  by  Yandell  (Brain,  1879),  from  a  collection  of  449  cases,  to  be  46  per  cent. ! 
The  164  cases  of  traumatic  tetanus  contained  in  the  consecutive  series  of  Lawrie,  and  of 
Poland  and  Taylor,  contain  140  males,  of  whom  122  died  (87  per  cent.),  and  24  females,  of 
whom  22  died  (91  per  cent). 

X  Moreover,  this  conclusion  agrees  with  that  of  the  idiopathic  cases  in  the  series  of  Lawrie, 
Poland  and  Taylor.     Of  these,  1 1  in  number,  6  died. 

\  Wallace,  statistics  of  tetanus  in  the  College  Hospital;  Calcutta  (Indian  Med.  Gazette, 
Jan.  1st,  1881).  Of  93  males,  53  died.  The  statistics  regarding  females  are  not  available, 
because  puerperal  cases  are  included  in  the  idiopathic  form. 


The  mprtality  in  tetanus  neonatorum  is  extremely  high,  probably  at  least 
as  high  as  in  traumatic  tetanus.  Of  all  forms,  however,  puerperal  tetanus  is 
that  which  is  most  frequently  fatal.  When  it  occurs  after  abortion,  recovery 
is  practically  unknown.  The  only  recorded  case  which  had  not  ended  in 
death  was  still  in  progress  at  the  time  of  the  report.*  After  labor,  all  the 
cases  in  which  the  disease  could  be  referred  only  to  the  process  of  parturition 
have  been  fatal.  Of  three  cases  that  recovered,  in  one  eclampsia  occurred 
before  childbirth,  and  in  the  other  two  the  tetanus  was  apparently  excited 
by  exposure  to  cold,  in  one  four  days,  in  the  other  three  weeks,  after  par- 
turition. 

Causes  of  Death. — In  about  two-thirds  of  the  fatal  cases  of  tetanus,  death 
occurs  during  a  paroxysm"  either  from  failure  of  the  heart,  or  from  asphyxia 
in  consequence  of  the  prolonged  arrest  of  respiration.  The  cause  of  cardiac 
failure  is  supposed  to  be  the  increase  of  the  intra-vascular  pressure  (partly  by 
the  compression  of  vessels  by  the  contracted  muscles,  partly  by  vasomotor 
spasm)  to  such  a  point  that  the  enfeebled  heart  is  unable  to  contract.  The 
severity  of  the  strain  to  which  the  heart  is  exposed  is  shown  by  one  case  in 
which  a  degenerated  wall  gave  way  during  a  violent  paroxysm. f  In  the 
remaining  cases  death  occurs  from  exhaustion,  or  from  some  accidental  com- 
plication.! 

Pathological  'Anatomy. — Rigor  mortis  usually  sets  in  early,  and  is  well 
marked.  It  is  indeed  said  that  the  spasm  during  life  may  pass  into  the  rigid- 
ity of  death,  but  in  most  cases  brief  relaxation  occurs. 

The  lungs  are  usually  congested,  and  there  may  be  oedema,  hypostatic 
pneumonia,  local  emphysema,  and  sub-pleural  extravasation — direct  or 
indirect  results  of  the  interference  with  the  pulmonary  circulation  by  the 
frequent  and  violent  spasm.  The  heart  is  sometimes  relaxed ;  more  fre- 
quently it  is  firmly  contracted,  probably  only  from  rigor  mortis.  The  liver 
and  spleen  are  usually  anaemic.  The  kidneys  may  be  pale  or  congested ; 
sometimes  they  contain  extravasations.  The  difference  in  the  amount  of 
congestion  depends  chiefly  on  the  mode  of  death,  whether  from  exhaustion 
or  during  a  spasm  which  arrests  the  movement  of  the  blood. 

The  muscles  often  contain  small  extravasations.  Rupture  of  individual 
fibres  may  be  found  on  microscopical  examination,  and  occasionally  a  large 
muscle  may  be  torn  across  by  the  violence  of  the  spasm.  Such  rupture  had 
only  been  seen  in  the  flexors  of  the  trunk  and  hip  (rectus  abdominis  fre- 
quently, psoas  rarely§),  which  are  contracted  and  at  the  same  time  are 
stretched  by  the  more  powerful  spasm  in  the  extensors.  The  fibres,  under 
the   microscope,    usually   present   a   normal   appearance,  but   occasionally 

*  A  case  described  by  Lawrie  in  a  letter  to  Simpson,  and  published  by  the  latter,  loc.  cit. 

f  Duclaux,  Bull,  de  Thirapeutique ,  i8yj,  Sept.  30th. 

%  e.g.  in  a  case  recorded  by  Pitram  (  Wien.  med.  Presse,  Nov.  1st,  1886)  death  was  due 
to  pulmonary,  embolism  from  a  clot  in  the  hypogastric  vein,  the  formation  of  which  was 
supposed  to  be  due  to  the  compression  of  the  vein  by  the  muscular  spasm. 

2   Whvnne  Foote,  Earle. 
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granular  degeneration  is  seen,  or  there  is  a  tendency  to  split  up  longitudi- 
nally (Bowman).  Chemical  analysis  has  shown  that  they  contain  more  water 
than  normal,  and  less  albuminous  material,  but  the  alcoholic  extract  contains 
more  nitrogenous  matter  and  a  substance  containing  phosphorus — lethicin 
(Danilewsky). 

In  traumatic  cases,  the  wound  may  be  in  almost  any  condition,  healthy 
or  unhealthy,  in  process  of  normal  cicatrization,  or  even  actually  healed. 
Perfect  cicatrization  is  necessarily  rare,  on  account  of  the  period  at  which 
tetanus  usually  commences.  Otherwise  no  state  of  wound  is  sufficiently  fre- 
quent to  be  of  significance.  The  nerves  of  the  part  injured  have  presented, 
in  the  majority  of  cases,  no  abnormal  condition  that  could  be  recognized 
even  by  the  microscope.  In  some  cases,  however,  distinct  evidence  of 
inflammation  has  been  found,  the  nerve  being  swollen  and  reddened,  and,  in 
a  few  instances,  ascending  neuritis  has  been  traced  up  the  nerve,  even  as 
high  as  the  cord — reddened  nodular  swellings,  usually  separated  by  normal 
intervals.  Increase  of  interstitial  tissue,  with  degenerative  changes  in  the 
nerve  fibres,  is  found  in  such  cases.  It  is  certain,  however,  that  local  neu- 
ritis is  no  constant  part  of  the  morbid  appearances  in  tetanus.  In  puerperal 
tetanus  there  is  no  constant  abnormal  appearance  in  the  uterus,  and  its  con- 
dition is  usually  perfectly  natural.  In  some  cases  metritis,  and  decomposing 
remnants  of  the  placenta,  have  been  discovered. 

In  newly-born  children,  as  we  have  seen,  the  umbilicus  may  be  inflamed, 
and  an  arteritis  umbilicalis  may  be  traced  along  the  cord  within  the  abdo- 
men. The  adjacent  peritoneum  is  often  also  inflamed.  In  some  cases, 
however,  these  parts  are  normal. 

In  the  brain  and  spinal  cord  the  only  constant  changes  are  distention  of 
vessels,  large  and  small,  and  the  presence  of  minute  hemorrhage,  such  as  is 
met  with  in  all  cases  of  death  from  convulsion,  and  probably  the  rupture  of 
the  vessels  occurs  chiefly  in  the  act  of  death.  In  the  cerebral  hemispheres 
no  morbid  appearance  is,  as  a  rule,  discovered  on  microscopical  .examination. 
In  the  medulla  oblongata  and  spinal  cord  frequently  the  microscope  has 
shown  no  other  changes  than  those  to  be  seen  with  the  naked  eye,  and  this 
in  cases  most  carefully  examined  with  the  aid  of  modern  methods  of  inves- 
tigation.* In  other  cases  slight  changes  have  been  found,  but  these  have 
varied  much.  Some,  however,  are  unquestionably  of  no  significance,  being 
frequent  apart  from  all  symptoms  of  disease.  Such  are  an  unusual  amount 
of  interstitial  tissue  in  the  white  columns,  spaces  around  the  vessels,  yellow 
pigmentation  of  the  ganglion  cells,  amorphous  exudation  at  the  bottom  of 
the  fissures  and  an  increase  of  nuclei  around  the  central  canal,  sometimes 
obliterating  it  or  extending  laterally  in  the  posterior  commissure. 

The  microscopical  changes  which  have  been  described,")"  and  are  possibly 

*  As  in  four  cases  examined  by  F.  Schultze  {Neurologisches  Centralblatt,  1882,  No.  6), 
two  by  Hadden  {Brain,  Oct.,  1885),  and  five  by  Bowlby  {St.  Bart.  //asp.  Rtp.,  1884). 

t  Chiefly  by  Lockhart  Clarke,  Clifford  Allbutt,  Ross,  Doran,  Harris,  Dickinson,  and 
Aufrecht. 
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or  probably  connected  with  the  disease  (besides  the  vascular  distention  and 
minute  extravasations)  are,  increase  in  the  nucleus-like  corpuscles  in  the 
interstitial  tissue  and  around  the  vessels,  chiefly  in  the  gray  substance;  areas 
of  "granular  disintegration,"  sometimes  amounting  to  actual  cavities  con- 
taining amorphous  or  finely  granular  material,  chiefly  found  in  the  gray  mat- 
ter ;  irregular  areas  of  carmine-staining  amorphous  '■'  exudation  "  in  the  gray 
matter  and  posterior  columns,  and  various  changes  in  the  large  ganglion 
cells,  swelling  with  indistinctness  of  the  outline  of  the  cell  and  of  the  nucleus  ; 
shrinking  of  the  cells  ;  apparent  destruction  of  the  processes.  Similar  changes 
have  been  found  in  a  few  cases  in  the  mediflla  oblongata,  but  slighter 
in  degree.  These  changes  when  found  have  presented  no  uniformity  in 
character  or  distribution,  nor  can  any  relation  be  traced  between  their 
position  and  the  seat  of  the  wound. 

Microorganisms  have  been  searched  for  by  many  investigators,  for  the 
most  part  without  success,  although  in  some  instances  bacilli  have  been 
found.* 

Pathology. — Anatomy,  coarse  and  minute,  affords  us  thus  only  negative 
help  in  an  inquiry  into  the  nature  of  tetanus.  It  is  true  that  the  morbid 
appearances  in  a  few  cases  have  been  made  the  foundation  for  certain 
theories;  one  of  these  is,  that  tetanus  is  due  to  myelitis  (Michaud,  Ham- 
mond), a  theory  that  is  inconsistent  alike  with  the  usual  pathological  changes, 
with  the  clinical  history  of  the  disease,  and  with  the  symptoms  that  are  known 
to  be  produced  by  actual  inflammation  of  the  spinal  cord.  The  changes 
which  have  been  thought  to  indicate  inflammation  are  probably  the  result  of 
the  intense  disturbance  of  the  function  of  the  cord,  of  which  the  symptoms 
afford  sufficient  evidence.  That  actual  inflammation  may  result  from  intense 
functional  activity,  the  pathological  anatomy  of  hydrophobia  seems  clearly 
to  prove. 

As  part  of  the  theory  of  myelitis  it  has  been  supposed  that  there  is  a 
propagation  of  inflammation  along  the  nerves  to  the  cord,  but  this  theory  is 
irreconcilable,  also,  with  the  facts  that  neuritis  is  the  rare  exception,  and  that 
the  symptoms  never  (practically)  begin  in  the  part  of  the  cord  which  would 
be  first  invaded. 

The  common  relation  to  wounds  is  the  great  fact  in  the  causation  of  teta- 
nus which  any  theory  of  its  pathology  must  embrace.  But  the  difficulty  of 
tracing  any  relation  between  its  occurrence  and  the  nature,  position,  or  state 
of  the  wound,  has  led  a  large  number  of  pathologists  to  look  for  the  cause 
of  the  disease  in  some  altered  state  of  the  blood.  In  support  of  this  they 
point  to  the  interval  which  usually  elapses  before  the  symptoms  of  tetanus 
appear,  the  absence  in  most  cases  of  nerve  irritation,  to  the  similarity  of  the 
spasms  to  those  of  strychnine  poisoning,  and  to  the  fact  that  the  disease  may 


*  By  Monastyrski  [Petersi.  med.  Wochenschrift,  1883,  Nov.  23d  and  24th),  but  in  one 
only  of  four  cases,  and  by  Hare  [Brit.  Med.  Journ.,  Oct,  4th,  1884),  and  Rosenbach 
(Arch.f.  C/iir.,  1886,  Bd.  34,  Heft.  2).  On  the  other  hand,  Bowlby  searched  for  them  in 
five  cases  without  success  [St.  Bart.  Hosp.  Rep.,  1884). 


1040  TETANUS. 

come  on  without  external  wound.  These  facts  have  led  to  the  assumption 
that  the  cause  of  the  disease  must  be  some  poison  or  ferment  developed  in 
the  wound  (Richardson),  or  zymotic  germs  derived  from  the  atmosphere, 
and  some  experimental  investigations  (to  be  mentioned  presently)  have  been 
thought  to  give  support  to  this  theory.  There  are,  however,  many  difficul- 
ties in  the  way  of  this  theory.  The  rapid  development  of  tetanus  in  some 
cases,  and  the  fact  that  it  may  occur  when  a  wound  has  healed,  seem  to  pre- 
clude the  assumption  that  it  is  the  result  of  a  poison  developed  in  the  wound 
itself,  while  for  idiopathic  tetanus  such  an  explanation  has  no  place.  The 
isolated  occurrence  of  the  disease,  at  any  rate  in  this  country  (one  patient 
in  a  ward,  full  of  wounded,  suffers  and  the  rest  escape),  renders  it  difficult 
to  conceive  that  tetanus  can  depend  on  any  poison  derived  from  without, 
entering  either  by  the  lungs  or  the  wound.  Moreover,  to  any  theory  that  it 
depends  on  a  blood  change  is  opposed  the  fact  that  all  attempts  to  com- 
municate it  by  inoculation  or  the  transfusion  of  blood  have  failed.* 

It  may  be  doubted  whether,  in  the  present  state  of  our  knowledge,  any 
theory  can  be  framed  which  shall  embrace  all  the  facts  of  the  disease.  Never- 
theless, it  is  worth  while  to  consider  the  probable  significance  of  the  chief 
facts  in  its  history.  Of  the  symptoms  of  the  disease  perhaps  the  most 
remarkable  is  the  uniform  manner  in  which  the  malady  commences,  by  slow 
contraction  in  the  muscles  of  the  neck  and  jaw,  irrespective  of  the  position 
of  the  traumatic  lesion.  The  spasm  cannot  therefore  be  a  simple  reflex  effect 
of  the  peripheral  irritation,  for  such  effects  are  always  first  manifested  in  the 
same  region  of  the  body.  The  definite  and  uniform  grouping  of  the  mus- 
cular contractions  points  to  the  excitation  of  some  preexisting  nervous 
mechanism,  f 

*  Arloing  and  Trepier,  among  other  experiments,  injected  blood  from  a  horse  suffering 
from  tetanus  into  the  veins  of  another  horse,  without  result.  See  also  Hare  ( British  Med. 
Jour.,  Oct.  4th,  1884).  The  theory  that  the  disease  depends  on  an  organized  poison  has 
lately  been  revived,  chiefly  in  consequence  of  some  experiments  of  Nicolaier,  who  suc- 
ceeded in  causing  symptoms  resembling  tetanus  in  mice,  guinea-pigs,  and  rabbits  (but  not  in 
dogs),  by  introducing  common  garden  earth  beneath  the  skin  of  the  back.  The  symptoms 
commenced  one  or  two  d.iys  afterward,  and  the  animals  quickly  died.  Heating  the  mould  to 
1900  C.  destroyed  its  influence.  Bacilli  were  found  in  abundance  at  the  inoculation  wound 
and  in  the  spinal  cord,  but  not  in  the  blood  or  other  organs.  Inoculation  with  the  pus  of  the 
wound  often  communicated  the  disease,  and  a  watery  extract  of  the  earth  was  sometimes 
successful ;  so  were  some  of  the  results  of  culture  of  the  bacilli,  although  pure  culture  could 
not  be  effected.  Nicolaier  suggests  that  the  symptoms  were  probably  due  to  some  strychnine- 
like poison  produced  by  the  microorganisms  {Deut.  tiled.  Wochenschr.,  1SS4,  No.  52). 
Rosenbach  [Arch.f.  C/iir.,  /8S6,  Bd.  34,  Heft  2)  found  organisms  in  man  something  like 
those  described  by  Nicolaier,  but  failed  to  produce  any  effect  by  inoculation.  The  signifi- 
cance of  the  facts  ascertained  by  Nicolaier  does  not  seem  to  me  so  great  as  is  assumed  by 
some  writers  on  the  subject.  From  the  fact  that  certain  poisons  tetanize,  to  the  proof  that 
tetanus  depends  on  a  poison,  is  a  much  longer  step  than  at  first  sight  appears. 

f  It  is  perhaps  worth  while  to  note,  in  connection  with  this  point,  that  there  is  one  action, 
our  familiarity  with  which  should  not  blind  us  to  its  singular  nature — in  which  there  is  brief 
tonic  muscular  spasm,  distributed  nearly  as  in  the  early  spasm  of  tetanus.  A  yawn  consists  of 
a  slow  inspiration  and  depression  of  the  lower  jaw,  followed  by  brief  tonic  spasm  of  the 
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To  what  part  of  the  nervous  system  is  the  disturbance  to  be  referred  ?  The 
early  symptoms  are  in  the  region  supplied  by  nerves  that  arise  from  the 
highest  part  of  the  spinal  cord,  medulla  oblongata,  and  pons,  and  must  be 
referred  to  centres  in  this  region.  The  same  indication  is  afforded  by  the 
coordinated  respiratory  spasm  that  forms  so  conspicuous  a  feature  in  the 
attacks,  by  the  vasomotor  spasm,  by  the  occasional  hyperpyrexia,  by  the 
phenomena  of  cephalic  tetanus,  and  by  such  cases  as  one  recorded  by  Sil- 
bermann,  in  which  a  fall  on  the  back  of  the  head  was  followed  in  a  few 
hours  by  symptoms  of  tetanus,  accompanied  by  striking  cyanosis  and 
dyspnoea.  Permanent  trismus  sometimes  results  from  organic  disease  of  the 
pons  Varolii,  and  general  tonic  spasm,  especially  marked  in  the  legs,  is  not 
uncommon  in  hemorrhage  in  this  situation.  It  is  only  in  the  later  stage  of 
tetanus  that  there,  is  evidence  (in  increased  reflex  excitability)  of  a  morbid 
state  of  the  lower  spinal  centres,  which,  secondary  in  point  of  time,  is 
doubtless  secondary  in  its  production.  The  symptoms  point,  therefore,  to' 
the  pons  and  medulla  as  the  seat  of  the  chief  disturbance  of  nerve  function 
in  the  disease. 

The  definite  and  uniform  character  of  the  early  symptoms  seems  to  exclude 
any  form  of  inflammation.  This  conclusion  is,  as  we  have  seen,  suggested 
also  by  the  results  of  microscopical  examination.  The  symptoms  point 
to  a  primary  disturbance  of  function  in  a  definite  or  nervous  mechanism, 
and  its  immediate  cause  must  be  sought  in  the  nerve  cells  concerned,  not  in 
any  abnormal  condition  of  the  vessels,  the  effects  of  which  are  always  ran- 
dom and  variable,  not  definite  and  constant.  Modern  doctrines  would  teach 
us  to  regard  the  over-action  as  the  result  and  expression  of  a  diminished 
resistance  to  the  evolution  of  nerve  force  by  the  cells.* 

How  the  causes  of  tetanus  bring  about  this  result  is  a  question  t<5  which  a 
definite  answer  seems  at  present  impossible,  but  we  may  endeavor  to  ascer- 
tain the  probable  direction  in  which  the  answer  is  to  be  looked  for. 

In  spite  of  its  difficulties,  the  theory  that  traumatic  causes  act  by  nerve 
irritation  remains  the  most  probable,  and  the  probability  is  emphasized  by 
the  occasional  presence  of  neuritis.     But  the  nerve  irritation,  if  it  exists, 

muscles  of  inspiration,  of  the  depressors  and  elevators  of  the  lower  jaw,  of  some  of  the  facial 
muscles  (so  that  the  angles  of  the  mouth  are  drawn  outward),  and  of  the  muscles  of  the  neck, 
so  that  the  head  is  drawn  a  little  backward.  If  the  individual  is  standing  the  spasm  may  be 
felt  to  pass  down  the  back,  and  the  spine  to  be  slightly  arched.  The  muscles  involved  are 
those  which  are  affected  in  the  early  stage  of  tetanus.  Moreover,  most  persons  have  probably 
discovered  (under  the  exigencies  of  social  life)  that  the  jaws  can  be  approximated  during  the 
proceeding.  The  resemblance  to  a  tetanic  spasm  then  becomes  still  closer,  and  is  almost  com- 
plete if,  in  "  stretching,''  a  tonic  spasm  extends  the  legs  and  arms.  In  tetanus  there  is  rigidity 
of  the  depressors  of  the  jaw,  and  although  it  is  usually  overcome  by  the  spasm  in  the  more 
powerful  elevators,  the  jaw  has  been  sometimes  fixed  with  a  space  between  the  teeth,  and  in 
one  instance,  during  a  paroxysm,  the  jaws  were  as  widely  separated  as  in  an  ordinary  yawn. 
Lastly,  in  one  or  two  cases,  persistent  yawning  attended  the  onset  of  the  disease.  It  would 
seem,  therefore,  probable  that  the  nervous  arrangements  which  subserve  the  act  of  yawning 
are  concerned  in  the  production  of  the  symptoms  of  tetanus. 

*  Handfield  Jones,  Foster,  Ringer  and  Murrell  (see  Med.-Chir.  Trans.,  vol.  lix,  1876). 

65 


1042  TETANUS. 

must  be  peculiar  in  its  kind  and  in  its  influence.  It  must  be  peculiar  in  its 
kind,  because  the  ordinary  symptom  of  nerve  irritation,  pain,  is  not  pro- 
nounced, and  because  persistent  painful  irritation  is  common  without 
tetanus.  It  must  be  peculiar  in  its  influence  because  this  is  not  exerted  on 
the  proximate  centres,  but  on  a  distant  part  (the  medulla),  and  because  its 
effect  is  gradually  to  bring  the  nerve  elements  into  a  peculiar  condition  of 
unstable  equilibrium,  which  after  a  time  culminates  in  discharge,  at  first  con- 
stant and  slight,  but  as  it  increases  becoming  paroxysmal,  and  excitable  by 
peripheral  impressions.  Ultimately  the  instability  extends  to  the  lower 
centres,  through  which  those  act  which  are  first  affected. 

In  connection  with  the  theory  of  nerve  irritation  a  case  recorded  by 
Terrier  *  deserves  especial  note.  An  injured  toe  had  become  gangrenous, 
and  was  amputated.  Trismus,  absent  before,  was  present  a  quarter  of  an 
hour  afterward,  and  the  patient  averred  that  the  pain  of  the  operation  dis- 
tinctly made  his  jaw  muscles  contract  while  the  amputation  was  being  per- 
formed. He  died  from  the  tetanus  in  two  days.  Here  it  would  seem  that 
the  preceding  irritation  brought  the  centre  into  a  condition  so  unstable  that 
its  discharge  was  produced  by  the  additional  stimulus.  Verneuil  has  also 
noted  that  surgical  interference  with  a  wound  may  apparently  excite  tetanus. 
The  effect  of  the  operation  in  such  cases  seems  produced  in  other  traumatic 
cases  by  exposure  to  cold.  The  irritation  of  the  wound  brings  the  centre 
into  an  unstable  condition  in  which  a  slight  degree  of  surface  chill  will  cause 
discharge.  For  instance,  in  the  case  of  tetanus  after  ovariotomy,  recorded 
by  Harris  and  Doran,  the  contraction  commenced  in  the  masseter,  on  the 
side  turned  toward  a  window,  the  weather  being  very  cold  at  the  time.  In 
other  cases  again,  as  that  mentioned  on  p.  1028,  it  would  seem  that  psychical 
influences  may  aid  in  bringing  about  the  morbid  state. 

The  way  in  which  cold  acts  is,  however,  as  mysterious  as  the  traumatic 
influence.  It  has  been  supposed  to  cause  congestion  of  the  centres,  but  this 
is  a  pure  hypothesis  unsupported  by  any  close  analogy.  That  the  surface 
chill  causes  a  peculiar  nervous  stimulation  is  more  probable,  since  we  know 
that  it  causes  other  effects  through  the  agency  of  the  nervous  system,  stimu- 
lating, for  instance,  the  vasomotor  centre  to  constrict  the  vessels  of  the 
skin,  and  even  the  motor  centres  to  produce  the  muscular  spasm  of 
"shivering,"  in  which  the  muscles  of  mastication  always  take  a  conspic- 
uous part.  The  action  of  cold  through  the  nervous  system  is  also  in 
harmony  with  the  probable  influence  of  wounds.  It  is  far  more  probable 
that  both  these  causes,  so  often  associated,  act  in  the  same  manner,  than 
that  one  acts  through  the  nervous  system,  and  the  other  through  the  blood. 
In  most  idiopathic  cases  cold  appears  alone  to  be  the  agent  in  producing 
the  morbid  state  of  the  nerve  centres,  and  it  probably  acts  by  the  same 
mechanism  as  in  the  cases  in  which  its  influence  is  conjoined  with  that  of  a 
wound.  It  is  noteworthy,  however,  that  whether  acting  alone  or  conjointly, 
the  effect  of  cold  is  always  rapidly  produced.     Rarely  more  than  twenty- 

*  Terrier,  Gag.  des  Hdp.,  1814. 
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four  hours  pass  before  the  appearance  of  the  first  symptoms.  It  seems, 
moreover,  certain  that  the  effect  produced  in  most  cases  by  wounds  and 
cold  may  result  from  a  simple  concussion  of  the  nerve  centres.  There  is  no 
difficulty  in  conceiving  that  a  direct  mechanical  disturbance  should  bring 
about  the  result  which  in  other  cases  results  from  peripheral  irritation. 

Lastly,  it  may  be  noted  that  in  tetany  we  have  a  disease  consisting  of  tonic 
spasm,  and  sometimes  caused  by  cold,  in  which  there  can  be  no  question  of 
a  toxic  cause. 

Why  the  disturbance,  however  excited,  should  take  a  special  course  and 
be  of  such  profound  intensity,  whether  there  exist  other  predisposing  influ- 
ences, and  what  or  how  the  nerve  irritation  differs  from  that  in  other  diseases, 
are  questions  to  which  no  answers  are  as  yet  forthcoming.  But  in  the 
answers  alone  can  we  find  the  real  pathology  of  the  disease. 

Diagnosis. — The  symptoms  of  tetanus  are  so  peculiar  and  so  pronounced, 
that  the  diagnosis  rarely  presents  any  difficulty,  except  in  the  earliest  stage 
of  cases  that  commence  insidiously.  Under  such  circumstances,  the  stiffness 
of  the  neck  may  be  mistaken  for  muscular  rheumatism,  the  more  readily  if 
the  symptom  has  followed  exposure  to  cold.  But  the  existence  of  rigidity 
in  the  muscles  of  the  jaw,  never  present  in  simple  rheumatism  and  rarely 
absent  in  tetanus,  should  at  once  arouse  suspicion.  In  the  rare  cases  in 
which  difficulty  in  swallowing  precedes  trismus,  the  nature  of  the  case  can 
only  be  suspected  from  the  fact  that  there  is  no  local  affection  to  account  for 
the  symptom,  and  no  evidence  elsewhere  of  paralysis;  and  the  symptom  is 
the  more  suspicious  if  there  is  also  stiffness  in  the  movement  of  the  tongue. 

The  characters  of  the  developed  disease  resemble  those  of  strychnine 
poisoning  more  than  any  other  condition.  A  mistake  is  rare,  but  has  prob- 
ably been  made  in  one  or  two  recorded  instances.  In  strychnine  poisoning 
the  symptoms  never  commence  by  trismus ;  they  come  on  and  develop  in  a 
more  rapid  manner  than  has  ever  been  seen  except  in  traumatic  cases,  in  which 
there  is  the  wound  to  assist  the  diagnosis.  The  reflex  excitability  is  an  early 
symptom  in  strychnia  poisoning,  but  is  late  in  tetanus,  and  the  severe  epi- 
gastric pain  of  the  latter  is  absent  in  the  former,  in  which,  also,  there  are  often 
collateral  circumstances  to  suggest  poisoning. 

In  hydrophobia  there  is  no  initial  rigidity  in  the  jaw  or  elsewhere.  The 
first  paroxysms  are  of  respiratory  spasm,  excited  by  attempts  to  swallow. 
These  may  be  present,  however,  in  the  "hydrophobic"  form,  and  in  it  swal- 
lowing is  difficult,  but  the  wound  on  the  head  and  the  facial  palsy  should 
prevent  error.  Cases  of  hydrophobia  in  which  there  are  tetanoid  spasms  in 
the  later  stage  of  the  disease  have  been  confused  with  tetanus,  but  attention 
to  the  initial  symptoms  will  prevent  error.  These  spasms  are  merely  an 
excessive  development  of  those  that  are  frequently  met  with  in  hydrophobia, 
and  do  not  indicate  that  the  two  diseases  coexist,  as  has  sometimes  been 
erroneously  imagined. 

In  hysteria,  tetanoid  spasm  is  extremely  rare  except  as  part  of  a  convulsive 
attack,  and  then  its  nature  is  sufficiently  conspicuous.  But  trismus,  causing 
persistent  closure  of  the  jaws,  is  common  in  hysteria.     It  may  succeed  a  con- 
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vulsion,  and  last  until  another,  or  it  may  come  on  without  obvious  cause, 
continue  for  a  few  hours  or  days,  and  then  suddenly  vanish.  It  is  prone  to 
recur,  and  this  character,  the  suddenness  of  onset,  its  complete  degree,  the 
absence  of  rigidity  in  the  neck,  and  the  presence  of  other  symptoms  of  hys- 
teria, will  rarely  leave  any  doubt  as  to  its  nature.  It  should  be  remarked 
that  the  symptoms  of  tetanus,  coming  on  after  an  injury  or  exposure  to  cold, 
must  not  be  treated  lightly  because  they  occur  in  a  hysterical  person,  as  is 
illustrated  by  the  case  mentioned  in  the  note  on  p.  1028. 

In  tetany  there  is  widely-spread  tonic  spasm  with  paroxysmal  exacerba- 
tions, but  its  distribution  is  characteristically  different.  The  limbs  are  most 
affected  toward  the  extremities,  the  arms  more  than  the  legs,  the  hands  most 
of  all,  and  trismus  is  a  late  and  not  an  early  symptom.  In  each  of  these 
respects  the  condition  in  tetanus  is  the  reverse.  Even  in  the  most  acute  and 
violent  cases  of  tetany  a  mistake  can  hardly  be  made,  especially  if  attention 
is  paid  to  the  peculiar  posture  of  the  hands. 

In  many  cases  of  tetanus  there  is  considerable  difficulty  in  determining 
whether  it  is  to  be  regarded  as  traumatic  or  idiopathic.  They  are  the  cases  in 
which  tetanus  is  apparently  excited  by  cold  in  a  person  who  has  had  a  trifling 
injury,  perhaps  some  time  before.  The  question  is  fortunately  not  of  any 
great  practical  importance,  and  each  case  must  be  judged  on  its  own  merits. 
For  scientific  purposes  we  must  include  such  cases  in  the  traumatic  variety.* 

Prognosis. — The  statistics  of  the  mortality  in  tetanus  show  how  grave  the 
prognosis  is  in  every  case,  and  it  is  still  grave,  however  slight  the  initial 
symptoms  may  be,  or  trifling  the  injury  which  has  produced  it.  But  it  is 
distinctly  worse  if  the  injury  is  severe  than  if  slight.  After  the  compound 
fracture  of  a  limb,  for  instance,  or  after  labor,  recovery  is  extremely  rare. 
The  chance  of  recovery  is  also  less  if  the  first  symptoms  occur  before  the 
tenth  day  from  the  receipt  of  the  injury.  After  the  first  ten  days  the  prog- 
nosis is  better  the  longer  the  interval.  It  is  worse  when  the  spasm  quickly 
extends  to  the  trunk,  better  if  trismus  exists  alone  for  several  days.  After 
the  first  four  or  five  days  the  prognosis  improves  with  the  duration  of  the 
disease:  It  is  doubtful  whether  the  prospect  of  recovery  is  materially  influ- 
enced by  sex  or  age.f  Adequate  statistics  to  determine  this  point  are  not 
at  present  forthcoming.  Previous  intemperance  lessens  the  chance  of  recov- 
ery, and  so  also  does  inability  to  swallow,  and  considerable  elevation^of  tem- 
perature. The  concurrence  of  cold  with  injury  as  a  cause  does  not  influence 
the  prognosis.  Under  the  most  favorable  circumstances,  in  cases,  for  instance, 
which  occur  more  than  a  fortnight  after  the  receipt  of  a  trifling  injury,  the 
probability  of  recovery  is  not  more  than  equal  to  that  of  death.     On  the 


*  By  this  means  we  run  least  risk  of  error.  It  is  certain,  however,  that  some  proportion 
of  cases  of  idiopathic  tetanus  will  have  a  recent  scratch  or  cut  or  bruise,  without  this  being 
concerned  in  the  production  of  the  disease.  Cases  in  which  the  origin  is  thus  uncertain  have 
been  termed  both  "idiopathic  and  traumatic,"  an  incompatible  designation  which  would  be 
avoided  by  calling  them  "  rheumatic  and  traumatic." 

f  Regarding  sex,  compare  the  mortality  given  on  p.  1036. 
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other  hand,  no  case  of  traumatic  tetanus  is  absolutely  hopeless.     Cases  occa- 
sionally recover  under  all  conditions  of  cause  and  character. 

The  prognosis  in  idiopathic  tetanus  is,  in  temperate  climates,  a  little 
better  than  in  the  traumatic  form.  In  hot  climates  it  is  regarded  as  even 
more  grave.  In  tetanus  neonatorum  the  prognosis  is  nearly  the  same  as  in 
the  traumatic  form  in  adults  (provided  the  children  are  not  exposed  to  pow- 
erful insanitary  conditions),  and  here,  also,  the  prognosis  is  better  the  longer 
the  interval  after  birth  before  the  symptoms  appear.  After  abortion  and 
labor,  the  chance  of  recovery  is  only  appreciable  when  the  disease  is  dis- 
tinctly excited  by  cold. 

Treatment. — For  tetanus,  as  for  most  acute  diseases,  no  specific  remedy 
is  known.  But  it  is  a  disease  of  limited,  though  variable,  duration,  and  if 
the  patient  can  be  kept  alive  until  it  is  over,  he  recovers.  Moreover,  there 
is  reason  to  believe  that  the  intensity  of  the  disease  can  often  be  lessened  by 
treatment,  but  the  variable  severity  of  the  affection  renders  it  very  difficult 
to  assess  the  influence  of  the  remedies  employed.  There  are  three  elements 
in  the  treatment  of  tetanus  :  general  management,  operative  treatment  in 
traumatic  cases,  and  the  endeavor  to  relieve  the  symptoms  by  the  use  of 
drugs. 

In  general  management,  rest  and  food  are  the  two  essential  measures.  All 
possible  sources  of  peripheral  irritation  should  be  avoided.  The  patient 
should  be  kept  absolutely  still  and  the  room  darkened.  Liquid  nourishment 
should  alone  be  given,  even  if  the  trismus  is  not  complete.  In  most  cases, 
by  patience,  a  fair  quantity  can  be  taken  through  the  closed  teeth ;  some- 
times there  is  a  space  between  the  teeth,  and  a  tube  can  be  introduced 
through  which  the  food  may  be  sucked.  When  this  is  impossible,  sufficient 
relaxation  of  the  spasm  to  permit  of  food  being  given  may  be  obtained  by 
the  inhalation  of  chloroform,  or  liquids  may  be  injected  into  the  oesophagus 
by  a  long  catheter  passed  through  the  nose.  If  this  brings  on  spasm,  it  is 
better  to  employ  peptonized  injections  into  the  rectum.  A  tooth  has  been 
extracted  to  permit  feeding  through  a  tube,  but  the  desirability  of  this  is 
doubtful,  for  the  reason  to  be  mentioned  immediately.  In  infants  the  catheter 
passed  through  the  nose  has  usually  been  employed. 

The  surgical  measures  which  have  been  adopted  in  traumatic  cases  com- 
prehend amputation.,  excision  of  a  cicatrix  or  wound,  neurotomy,  and  nerve 
stretching.  Of  all  these  it  may  be  said  that  in  most  cases  in  which  they  have 
been  employed  they  have  apparently  exerted  no  beneficial  influence  on  the 
course  of  the  disease.  Indian  experience  of  these  measures  is  at  least  as 
unfavorable  as  that  of  England.*  A  curious  case  has  been  described  by 
Reichert,  in  which  stretching  of  both  sciatic  nerves  was  followed  by  improve- 
ment and  ultimate  recovery.  The  cause  of  the  tetanus  was  a  bite  on  the 
back  by  a  horse,  but  the  patient  was  an  epileptic.  The  modus  operandi  of 
the  operation  is  difficult  to  understand. f 

Whatever  influence  the  local  nerve  irritation  has  in  causing  the  disease, 

*  Wallace,  loc  cit.  f  Bayer.  Aerztl.  Intell.-bl.,  1883,  No.  5. 
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the  latter,  once  set  up,  appears  to  run  an  independent  course,  unmodified 
by  the  removal  of  the  former.  It  must  also  be  remembered  that  the  opera- 
tion for  the  removal  of  the  old  irritation,  in  itself  constitutes  a  new  traumatic 
influence,  considerable  in  the  case  of  an  amputation,  slighter  but  still  present 
in  the  operation  on  nerves.  The  possible  prejudicial  influence  of  a  new 
irritation  is  illustrated  by  the  case  quoted  on  p.  1042.  Hence  it  is  reasonable 
to  conclude  that  surgical  measures  are  only  justifiable  where  there  is  evidence 
of  a  considerable  degree  of  local  irritation,  so  that  it  is  probable  that  the 
new  irritation  will  be  less  than  that  which  it  removes.  It  may  be  said  gen- 
erally, however,  that  when  the  spasms  start  from  the  wounded  limb,  local 
treatment  should  be  adopted.  Most  of  the  cases  in  which  local  surgical 
treatment  has  had  a  distinct  and  immediate  effect  have  been  of  this  character. 
Amputation  is  the  only  measure  when  the  wound  is  in  a  very  unhealthy  state, 
with  much  irritation  of  the  structures,  and  when  the  nerves  from  it  are  not 
accessible.  Neurotomy  and  nerve  stretching  should  be  employed  only  when 
there  is  evidence  of  irritation  of  nerves  that  are  accessible  above  the  wound. 
In  one  case,  for  instance,  a  small  nerve  in  a  wound  was  tender,  and  pressure 
upon  it  brought  on  severe  tetanic  spasms.  The  nerve  was  excised,  and  the 
spasm  ceased.  In  another  case  tetanus  came  on  after  a  wound  was  healed  ; 
the  cicatrix  was  tender,  and  pressure  on  it  excited  the  spasm,  which  ceased 
after  the  cicatrix  had  been  excised.  For  the  reasons  mentioned  above,  it 
seems  desirable  to  avoid,  as  much  as  possible,  all  treatment  which  may 
involve  local  irritation,  such  as  the  extraction  of  a  tooth  for  the  purpose  of 
feeding.  If  hypodermic  injections  are  employed,  a  fine,  sharp,  steel  needle 
should  be  used,  and  the  injections  made  into  the  back  of  the  forearm,  where 
the  skin  is  thin,  so  as  to  cause  as  little  nerve  irritation  as  possible. 

There  are  few  diseases  for  which  so  many  and  such  varied  drugs  have  been 
employed  as  in  the  treatment  of  tetanus,  but  hitherto  not  one  has  been  found 
to  exert  a  powerful  influence  on  the  disease,  not  one  that  does  not  usually 
fail  when  the  disease  is  severe,  and  frequently  when  it  is  moderate  in  inten- 
sity. Recovery  has,  in  most  cases,  been  due  to  the  character  of  the  attack, 
not  to  the  treatment  employed.  Nevertheless,  there  is  reason  to  believe 
that  drugs  have,  in  many  instances,  helped  recovery,  and  in  some  cases  have 
actually  turned  the  scale  and  saved  the  patient's  life. 

Of  the  agents  employed  there  are  some  that  give  temporary  relief  to  the 
spasm,  and  are  used  to  give  rest  or  avert  death,  but  which  do  not  influence 
the  course  of  the  disease.  The  most  efficient  is  the  inhalation  of  chloro- 
form. With  complete  narcosis  the  spasm  passes  off,  but  it  returns  when  the 
influence  of  the  chloroform  is  over.  Ether  has  a  similar  action,  but  is  less 
convenient.  Nitrite  of  amyl  has  been  said  to  relieve  spasm  more  speedily 
than  chloroform,  and  H.  C.  Wood  has  recommended  it  as  a  most  valuable 
agent  for  averting  death  during  a  paroxysm,  but  at  Guy's  Hospital,  when 
employed  in  quantities  of  "liij  to  "lv,  it  was  found  that  the  spasm  became 
more  intense  at  first,  although  slighter  afterward.  The  continuous  inhala- 
tion of  chloroform  does  not  modify  the  course  of  the  disease,  nor  has  any 
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benefit  resulted  from  attempts  to  charge  the  air  of  the  room  with  the  vapor 
of  chloroform.* 

Sedative  drugs  have  been  employed  in  the  treatment  of  tetanus  in  two 
ways,  occasionally  to  procure  sleep,  and  continuously  to  lessen  the  severity 
of  the  spasm.  In  severe  cases  it  is  rare  that  a  marked  effect  is  produced  by 
any  drug,  but  in  cases  of  moderate  severity  distinct  amelioration  has  been 
obtained  by  many  agents.  Bromide  of  potassium,  given  at  frequent  inter- 
vals in  large  doses,  sometimes  has  a  distinct  influence,  since  the  spasm  has 
been  observed  to  increase  when  it  is  discontinued,  and  lessen  when  it  is 
resumed  (Southey).  It  may  be  given  every  one,  two,  or  three  hours,  but  the 
daily  quantity  should  not  be  less  for  an  adult  than  four  or  six  drachms.  It 
may,  perhaps  with  advantage,  be -injected  into  the  rectum  with  food.  Noth- 
nagel  has  found  that  it  tends  to  cause  ascending  contractions,  and  thus  an 
injection  is  carried  higher  up  and  is  more  rapidly  and  more  completely 
absorbed. 

Chloral  hydrate  has  been  largely  substituted  for  the  administration  of 
chloroform  by  the  mouth,  although  it  does  not  remove  severe  spasm  so  com- 
pletely as  the  inhalation  of  chloroform.  It  maybe  given  at  night  to  procure 
sleep,  and  frequently  succeeds,  or  it  may  be  given  continuously,  and  has 
thus,  in  many  cases,  appeared  distinctly  beneficial.  Indeed,  it  has  been 
held  to  have  more  influence  on  the  disease  than  any  other  drug,  by  a  very 
large  number  of  observers,  f  Large  doses  must  be  employed.  Verneuil, 
for  instance,  who  is  a  strong  advocate  of  its  use,  would  never  give,  to  an 
adult,  a  smaller  dose  than  3j  nor  less,  in  the  day,  than  3iv,  and  he  has 
sometimes  given  3iij  at  a  dose  and  3vij  in  the  day.  It  needs  to  be  con- 
tinued for  a  considerable  time.  In  two  cases  which  recovered,"  i  viij  were 
given  in  the  course  of  a  month.  Chloral  has  been  injected  into  the  veins  by 
Ore,  but  this  is  a  dangerous  proceeding,  since  it  has  caused  extensive  throm- 
bosis in  several  cases  (Lannelongue  and  others).  In  tetanus  neonatorum,  it 
has  usually  been  given  in  doses  of  one  grain,  but  this  is  probably  too  small. 
Opium  and  morphia  have  been  largely  used,  the  latter  by  subcutaneous 
injection.  It  is  useful  for  the  purpose  of  procuring  sleep,  in  doses  of  a 
quarter  or  half  a  grain,  which  may  be  employed  in  addition  to  the  continu- 
ous administration  of  bromide  and  chloral.  The  continuous  use  of  morphia 
has  not,  on  the  whole,  been  distinctly  useful  so  frequently  as  that  of  other 
sedatives. 

Belladonna,  atropine,  Indian  hemp  and  aconite  have  also  been  frequently 
employed.  Under  their  use  (as  under  that  of  all  other  drugs)  recoveries 
have  been  occasionally  observed,  but  on  the  whole  their  utility  has  been  even 
less  frequently  recognizable  than  that  of  other  sedatives.     The  same  may  be 


*  Simonin  used  in  this  way  22  kilogrammes  of  chloroform,  without  effect. 

f  Schmidt  [Bayer  Intell.-bL,  /88j,  p.  329)  records  the  recovery  of  four  out  of  five  cases 
treated  with  chloral,  but  so  favorable  an  experience  must  be  re,jarded  as  altogether  excep- 
tional and  perhaps  open  to  suspicion. 
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said  of  conium,  lobelia,  nicotin  and  tobacco,  veratrum  viride  and  gelse- 
mium.* 

Next  to  bromide  and  chloral,  Calabar  bean  has  received  most  praise.  The 
extractum  physostigmatis  has  been  usually  employed  subcutaneously,  in 
doses  of  from  one-third  of  a  grain  to  one  or  two  grains,  or  by  the  mouth 
one  to  four  grains.  Still  larger  doses  have  been  sometimes  given  by  the 
mouth,  e.g.,  seventy-two  grains  in  twenty-four  hours,  and  1026  grains  in 
forty-three  days,  in  a  case  that  recovered,  f  Toxic  effects  are  not  easily  pro- 
duced, and  the  pupil  does  not  contract  as  it  does  in  health,  even  when 
nausea  and  feebleness  of  pulse  have  been  produced.  Eilert  has  suggested 
that  local  effects  may  be  lessened  by  the  simultaneous  injection  of  atropine. 
In  infants  from  one-thirtieth  to  one-third  .of  a  grain  has  been  given  under 
the  skin.  Although  a  considerable  number  of  recoveries  have  been  recorded, 
a  distinct  effect  on  the  severity  of  the  symptom  has  not  often  been  traced. 
Jaborandi  and  pilocarpine  have  been  used  in  some  cases,  but  their  value  is 
doubtful. 

The  alleged  success  of  curara  in  hydrophobia  has  led  to  its  use  in  tetanus, 
but  seldom  with  success.  Small  doses  -j-J-j-  grain  do  not  influence  the  disease. 
In  large  doses,  up  to  half  a  grain  every  hour,  the  muscular  spasms  become 
slighter,  but  life  has  rarely  been  saved.  In  one  case  it  was  pushed  until 
the  patient  passed  into  a  state  of  collapse  and  respiration  ceased.  Pro- 
longed artificial  respiration,  with  faradization  of  the  phrenic  nerve,  revived 
the  patient ;  the  spasms  remained  absent  for  several  hours,  and  then  returned 
in  slighter  form,  and  the  patient  recovered.  Spasm  is  probably  lessened  by 
the  influence  of  curara  on  the  intramuscular  nerve  endings,  as  it  is  not  known 
to  have  any  influence  on  the  spinal  cord.  It  appears  only  to  avert  death 
from  spasm  by  bringing  the  patient  equally  near  to  death  from  paralysis.J 
Among  other  drugs  which  have  been  used,  are  iodide  of  potassium,  carbon- 
ate of  iron,  arsenic,  antimony,  mercury,  and  strychnine.  Cases  have  recov- 
ered in  which  each  has  been  used,  even,  strange  to  say,  the  last,  which  dis- 
tinctly increases  the  spasm. 

External  applications,  chloroform,  aconite,  etc.,  to  the  affected  part  appear 
useless,  but  applied  to  the  epigastrium  they  sometimes  give  relief  to  the  severe 

*  Four  cases  are  said  to  have  been  successfully  treated  by  veratrum  viride  and  gelsemium, 
by  R.  B.  Harris  (New  York  Med.  Record,  1S84,  July  12th). 

f  Watson,  Practitioner,  April,  1870.  For  another  successful  case,  see  Dougall,  Glasgow 
Med.  Journ.,  March,  1885. 

\  Karg  (Arch.  f.  klin.  Chirurg.,  xxix,  p.  338)  relates  four  cases  in  which  the  transient 
amelioration  of  the  symptoms  did  not  prevent  death.  He  advises  the  simultaneous  use  of 
morphia.  One  noteworthy  lesson  from  his  cases  is  that  if  artificial  respiration  becomes  neces- 
sary it  is  not  facilitated  by  tracheotomy.  Cases  successfully  treated  have  been  recorded  by 
Berckham  (Bert.  kl.  Wochemchr.,  1884,  No.  48)  and  Gonfermann  [it.,  1883,  No.  44).  In 
the  latter  case  the  tetanus  followed  an  injury  to  the  head.  Nine  injections  were  given  in  the 
course  of  a  few  days,  each  consisting  of  \-\  grain  of  curara,  dissolved  in  40  parts  of  water 
and  2  of  spirit.  He  makes  the  reasonable  suggestion  that  the  activity  of  the  specimen 
employed  should  always  be  proved  by  an  injection  in  an  animal. 
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epigastric  pain.  Cold  to  the  spine  (ice,  ether  spray)  has  been  used  without 
distinct  influence  oh  the  spasm.  Electricity  (the  voltaic  current  from  the 
spine  to  the  muscles)  has  been  observed  to  lessen  the  spasm  in  trifling  cases, 
but  probably  did  not  influence  the  course  of  the  disease.  Continuous  warm 
baths  have  been  occasionally  employed  since  the  time  of  Ambrose  Pare. 
Zechmeister  kept  one  patient  in  a  bath  for  a  fortnight,  but  the  treatment, 
used  in  eight  cases,  did  not  influence  the  mortality,  since  seven  of  the 
patients  died.  It  seemed,  however,  to  moderate  a  little  the  intensity  of  the 
spasm.  Bleeding  was  formerly  largely  used,  and,  opposed  as  the  measure  is 
to  the  therapeutic  principles  of  the  present  day,  it  must  be  confessed  that 
cases  recovered  and  the  flow  of  blood  appeared  in  some  instances  to  have  a 
marked  effect  on  the  spasm.  It  has  gone  out  of  use  too  completely  for  its 
utility  to  be  assessed.  Transfusion  of  blood  has  been  once  employed,  but 
without  success  (Sakler). 

On  the  whole,  the  drugs  that  seem  to  deserve  most  confidence  in  the  treat- 
ment of  tetanus  are  bromide  of  potassium  and  chloral.  They  may,  with 
advantage,  be  combined,  the  influence  of  both  being  kept  up  continuously, 
or  bromide  may  be  given  frequently  and  chloral  in  occasional  hypnotic  doses. 
If  the  violence  of  the  spasm  threatens  death  during  a  paroxysm,  this  should 
be,  if  possible,  averted  by  the  inhalation  of  chloroform  or  nitrite  of  amyl, 
but  on  the  value  of  the  latter  for  this  purpose  further  observations  are  neces- 
sary. Lastly,  it  is  of  great  importance,  in  the  event  of  apparent  death  dur- 
ing a  paroxysm,  that  an  attempt  should  be  made  to  restore  the  patient  by 
artificial  respiration.  It  is  surprising  that  this  measure  has  been  so  rarely 
adopted.  Its  importance  is  illustrated  by  a  case  recorded  by  Farrage.*  Dur- 
ing a  severe  paroxysm,  heart  and  respiration  stopped,  the  patient  was  appa- 
rently dead.  Artificial  respiration  was  employed  and  in  five  minutes  the 
heart's  pulsations  could  be  again  perceived.  For  two  days  the  spasm  was 
extremely  slight ;  a  most  violent  paroxysm  then  occurred,  during  which  the 
patient  died,  no  medical  assistance  being  at  hand.  The  remarkable  freedom 
from  spasm  in  this  case,  and  one  or  two  others  on  record,  after  revival  by 
artificial  respiration  from  apparent  death,  can  only  be  ascribed  to  the  influ- 
ence of  the  arrest  of  the  circulation  on  the  morbid  condition  of  the  centre. 
This  fact,  and  the  evidence  that  the  primary  disturbance  is  in  the  medulla 
oblongata,  suggests  the  desirability  of  trying  the  effect  of  ligature  of  the  ver- 
tebral arteries,  which  Alexander  has  introduced  for  the  treatment  of  epilepsy. 
The  operation  is  severe,  when  both  vertebrals  are  simultaneously  tied,  but 
in  a  case  in  which  the  danger  was  extreme,  it  might  be  justifiable. 

*  Lancet,  i860,  Sept.  18th. 
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TETANY. 

The  condition  designated  "tetany"  is  characterized  by  tonic  muscular 
spasm  or  "contracture,"  affecting  especially  the  extremities,  symmetrical  in 
distribution,  and  either  paroxysmal  or  continuous.  The  spasm  is  often  pre- 
ceded and  accompanied  by  sensory  symptoms,  tingling,  formication,  or  pain. 

The  affection  was  first  described  more  than  fifty  years  ago,  by  Steinheim 
in  Germany,  and  Dance  in  France,  but,  like  so  many  other  maladies,  it  was 
through  the  study  and  description  of  the  disease  by  Trousseau  that  it  became 
generally  known.  Trousseau  called  it  "  tetanilla,"  but  the  name  "  tetany," 
by  which  it  is  now  universally  known,  was  suggested  by  Lucien  Corvisart  in 
1852.* 

Causes. — Tetany  is  rather  more  frequent  in  males  than  in  females,  the 
proportion  being  as  seven  to  six,  but  this  relation  does  not  obtain  at  all  ages. 
It  occurs  at  all  periods  of  life,  from  infancy  to  old  age,  but  is  most  frequent 
in  early  childhood  and  in  early  adult  life.  Of  150  cases  that  I  have  col- 
lected from  various  sources  (including  eight  observed  by  myself)  142  are 
available  for  comparison  on  these  points  : — 


1-4 

5-9 

1-9 

10-19 

20-29 

3°-39 

40-49 

50-61 

26  . 

8  . 

••  5 
•  •  3 

31    • 
11    . 

••    23 
•■    13 

..    9     • 
..  is     ■ 

..     4     •■ 
..    19    . 

•      5    •■ 
.      8     . 

•      4  =  7< 
.      0  =  6( 

34. 

..  8 

42 

••    36 

..  24     . 

..    23    . 

•    >3     • 

.      4  =  1' 

Males 

Females.     8  ...  3         11    ...    13     ...  IS      ...    19     ...      8     ...      o  =  66  Females. 

Total . 

Thus  the  disease  is  most  frequent  in  infancy  and  in  the  second  decade  of 
life.  More  than  half  the  cases  occur  during  the  first  twenty  years.  In 
early  childhood  the  disease  is  far  more  frequent  in  males  than  in  females, 
but  between  the  ages  of  twenty  and  fifty  the  liability  of  the  sexes  is  reversed, 
and  females  suffer  twice  as  frequently  as  males.  Over  fifty,  on  the  other 
hand,  the  only  recorded  cases  have  been  in  males. 

A  neuropathic  heredity  can  be  traced  in  only  a  small  proportion  of  cases, 
but  that  a  family  predisposition  sometimes  exists,  is  shown  .by  instances 
recorded  by  Abercrombie,  in  which  there  occurred,  at  different  times,  in 
each  of  two  families  four  cases,  and  in  another  family  three  cases. 

Most  of  the  male  cases  have  occurred  in  the  lower  classes,  and  occupation 
is  influential  chiefly  as  involving  exposure  to  cold  and  fatigue. 

A  direct  exciting  cause  of  tetany  can  be  traced  in  at  least  three-quarters 
of  the  cases.  The  most  frequent  is  diarrhoea,  usually  long-continued  and 
exhausting,  but  sometimes  acute  and  brief.  It  often  coexists  with  other 
causes.  Next  in  frequency  are  exposure  to  cold,  especially  conjoined  with 
fatigue,  acute  disease,  and  lactation.  A  series  of  cases  in  women  who  were 
suckling  led  Trousseau  at  first  to  propose  for  the  disease  the  name  of  "  nurse's 
contracture."     The  comparative  frequency  of  the  disease  in  adult  women 

*  Trousseau's  account  of  the  disease  is  accessible  to  English  readers  in  the  volume  of  lee- 
tures  translated  by  Bazire.  Other  descriptions  have  been  given  by  Riegel  (Deut.  Arch.  f. 
kl.  Med.,  xii,  1863,  405)  ;  Weiss  (  Volkmann's  klin.  f»rt.,No.  169) ;  Buzzard  {Clin.  Lect.,?. 
411);  and  Abercrombie  ("On  Tetany  in  Young  Children,"  London,  1880). 
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is  almost  entirely  due  to  the  various  influences  of  maternity.  The  tetany 
may  also  come  on  during  pregnancy  (usually  during  the  second  half)  and 
after  confinement.  Other  occasional  causes  are  simple  anaemia,  prolonged 
muscular  effort  of  various  kinds,  alcoholism,  and  sexual  excess,  especially 
masturbation. 

In  young  children  the  indications  of  rickets  are  rarely  absent,  and  in 
them  tetany  is  evidently  allied  to  the  carpo-pedal  contractions  so  common 
in  that  disease,  and  it  is  often  associated  with  laryngismus  stridulus  and  con- 
vulsions. In  three  recorded  instances  the  disease  was  apparently  due  to 
intestinal  worms  (taeniae),  and  ceased  when  these  were  expelled.  It  very 
rarely  follows  a  fright,  and  seldom  an  injury,  but  there  is  one  operation 
after  which  it  is  singularly  frequent — excision  of  the  thyroid.  Weiss  has 
reported  thirteen  cases  of  tetany  due  to  this  cause.  Wolfler  observed  seven 
cases  in  seventy  patients  subjected  to  the  operation.  The  whole  thyroid 
was  removed  in  each  case.  All  the  patients  have  been  young  females,  still 
in  the  developmental  period  of  life.  The  symptoms  of  tetany  set  in  during, 
the  first  ten  days  after  the  operation.* 

In  well-marked  form,  tetany  is  less  frequently  associated  with  hysteria 
than  might  be  expected,  but  hysterical  contracture  sometimes  assumes  a 
similar  form,  and  it  may  indeed  be  difficult  to  say  whether  a  given-  case  is  to 
be  regarded  as  tetanoid  hysterical  contracture,  or  as  true  tetany  in  an  hys- 
terical subject.  The  acute  diseases,  during  or  after  which  tetany  has  been 
known  to  come  on,  are  typhoid  fever,  cholera,  smallpox,  rheumatic  fever, 
measles,  febricula,  catarrh,  and  pneumonia.  It  has  been  met  with  very  fre- 
quently in  some  epidemics  of  typhoid,  usually  during  the  latter  part  of  the 
disease,  after  the  sixteenth  day,  or  during  convalescence ;  in  rare  cases  dur- 
ing the  first  week.  It  has  also  been  met  with  in  Bright's  disease,  and  I  have 
seen  one  case  apparently  due  to  lead  poisoning. 

Lastly,  singular  epidemics  of  tetany  have  been  met  with  on  the  Conti- 
nent. Some  of  these  are  apparently  analogous  to  the  occasional  epidemics 
of  hysterical  convulsion.  For  instance,  in  a  girls'  school  in  France,  in 
1876,  an  epidemic  occurred  in  which  no  less  than  thirty  girls  were 
attacked. f  A  still  more  singular  epidemic  occurred  in  1846,  in  certain 
Belgian  prisons.  The  prevalence  of  the  disease  in  some  outbreaks  of 
typhoid  also  suggests  its  occasional  dependence  on  some  obscure  epidemic 
influence. 

Symptoms. — As  a  rule,  the  peculiar  symptoms  in  the  limbs  come  on  with- 
out premonitory  nervous  disturbance,  but  in  rare  cases  they  have  been  pre- 
ceded by  headache,  pain  in  the  spine,  and  malaise,  and  even  vomiting  not 
due  to  gastric  derangement.  The  muscular  spasm  may  be  the  first  symp- 
tom, but  is  usually  preceded  for  a  few  hours  or  days  by  sensory  disturbance 
in  the  extremities,  as  "  tingling  "  or  "burning"  sensations.     The  spasm 

*  Weiss,  Anzeig.   d.  Wiener  Gesellsch.  Aerzte,  1883,  No.  3 1 ;  Wolfler,  Verh.  der  Deut. 
Ges.  f.  Chir.,  1883,  p.  36. 
f  Simon  ;  Mattraits,  Thtee  de  Paris,  187J. 
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almost  always  sets  in  suddenly  in  the  hands,  occasionally  in  both  hands  and 
feet  at  the  same  time,  rarely  in  the  hands  only,  and  still  more  rarely  in  the 
trunk.  The  hands  feel  stiff  and  cramped,  and  then  become  fixed.  The 
usual  posture  is  with  the  fingers  flexed  at  the  metacarpo-phalangeal  joints, 
extended  at  the  others ;  the  thumb  is  adducted  and  in  contact  with  the 
index  finger  or  is  flexed  beneath  it,  while  the  spasm  in  the  thenar  and 
hypothenar  muscles  renders  the  palm  hollow.  The  fingers  are  sometimes 
pressed  together,  sometimes  inclined  toward  the  ulnar  side.  The  position 
of  the  fingers  is  mainly  due  to  spasm  in  the  interossei  muscles.  The  wrist  is 
usually  slightly  flexed.  The  elbow  may  be  free,  but  is  usually  in  slight 
flexion.  The  shoulder  muscles  are  rarely  involved,  but  occasionally  there 
is  spasm  adducting  the  arm.  In  a  few  cases  the  spasm  in  the  hand  muscles 
has  been  chiefly  in  the  long  flexor  of  the  fingers,  which  are  then  flexed  at  all 
joints,  and  the  fist  thus  closed.  Still  more  rarely  the  wrist  has  been 
extended,  and  in  two  recorded  cases  the  fingers  were  extended  at  all 
joints. 

The  feet  are  extended  at  the  ankle  joint,  and  are  inverted,  being  in  the 
position  of  talipes  equino -varus.  The  toes  are  strongly  flexed;  the  knees 
are  usually  extended,  rarely  flexed.  The  thighs  are  sometimes  adducted, 
rarely  flexed. 

In  cases  of  slight  or  moderate  severity  the  contracture  is  limited  to  the 
hands  and  feet,  not  infrequently  to  the  hands.  In  severe  cases  the  muscles 
of  the  trunk  and  head  share  in  the  spasm.  The  abdominal  muscles  become 
rigid,  and  there  may  be  spasmodic  retention  of  urine.  Those  of  the  back 
are  less  affected,  but  occasionally  there  is  a  slight  degree  of  opisthotonos. 
The  thorax  may  be  fixed  by  spasm,  which  may  even  involve  the  diaphragm, 
and  cause  some  difficulty  in  breathing,  cyanosis,  and  even  transient  loss  of 
consciousness.  Sometimes  the  sterno-mastoids  are  rigid,  and  the  head  may 
be  bent  forward.  More  frequently  the  jaws  are  closed  by  spasm  in  the  mas- 
seters,  the  angles  of  the  mouth  are  drawn  out,  and  the  eyelids  are  half  closed. 
Even  the  eyeball  muscles  may  be  involved,  causing  strabismus,  convergent 
or  divergent.  The  tongue  is  sometimes  stiff,  and  articulation  may  thus  be 
rendered  difficult.  The  affection  of  the  muscles  of  the  face  is  usually  only 
seen  in  severe  attacks,  but  has  been  occasionally  met  with  in  attacks  which 
were  very  slight. 

The  tonic  spasm  may  render  the  muscles  firm  and  hard,  and  fibrillary  con- 
tractions are  sometimes  visible  in  them.  Attempts  to  extend  them  usually 
cause  much  pain.  Movement  is  interfered  with  by  the  spasm  and  in  propor- 
tion to  it,  but  there  is  no  actual  paralysis.  When  the  contracture  is  slight, 
movements  are  merely  rendered  difficult  and  awkward ;  when  it  is  consider- 
able, all  voluntary  movement  may  be,  for  the  time,  impossible. 

Slight  contracture  may  be  painless,  but  when  the  spasm  is  considerable 
there  is  severe  cramp-like  pain  in  the  muscles,  and  sharp  pains  pass  up  the 
limbs,  especially  in  the  course  of  the  nerves.  When  the  spasm  is  continuous, 
the  pain  may  be  paroxysmal,  probably  in  consequence  of  slight  exacerba- 
tions of  the  spasm.     The  subjective  sensations  (tingling,  etc.)  which  precede 
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the  spasm,  may  persist  during  the  intervals,  and  may  be  accompanied  by 
actual  diminution  of  sensibility  to  touch  or  to  pain,  or  both. 

The  spasm  is  usually  paroxysmal.  After  continuing  for  a  time,  which 
varies  from  a  few  minutes  to  a  few  hours,  and  rarely  to  a  few  days,  the  con- 
tracture gradually  passes  off,  to  recur  after  a  variable  interval  of  hours  or 
days.  A  feeling  of  stiffness  may  continue  for  a  time.  In  some  cases  the 
spasm  continues  in  slighter  degree  in  the  arms,  rarely  in  the  legs,  in  the 
intervals  between  the  paroxysms.  In  other  cases,  again,  in  both  children 
and  adults,  the  spasm  may  continue  in  moderate  degree  for  several  days, 
without  exacerbations  or  with  merely  an  occasional  trifling  increase.  Attacks 
of  spasm  may  occur  and  even  commence  during  sleep,  and  if  there  is  con- 
tinuous contracture  this  may  persist  during  sleep,  although  usually  in  less 
degree.  Abercrombie  observed  no  change  in  the  continuous  spasm  during 
an  attack  of  measles  which  ended  fatally.  Attacks  are  sometimes  excited  by 
muscular  exertion. 

In  the  intervals  between  the  attacks  of  spasm  there  is  usually  a  remarkable 
increase  in  the  excitability  of  the  nerves  and  muscles  in  the  parts  in  which 
the  spasm  occurs  or  is  most  intense.  Percussion  of  the  muscles,  and  espe- 
cially of  the  nerves,  causes  a  conspicuous  contraction.  This  phenomenon 
may  be  well  observed  in  the  face,  where  a  tap  on  the  nerve  will  often  cause 
a  momentary  contraction  in  all  fhe  muscles  supplied  by  it.  It  is  also  marked 
in  the  limbs,  in  which  an  attack  of  characteristic  local  spasm  may  usually  be 
induced  by  compression  of  the  artery  and  nerves  of  the  limb,  as  Trousseau 
discovered.  The  spasm  conies  on  a  few  minutes  after  the  commencement 
of  the  pressure.  It  is  probable  that  the  effect  is  chiefly  produced  through 
the  nerves,  although  it  is  said  that  sometimes  compression  of  the  artery  is 
effective  when  that  of  the  nerve  is  not.  Sometimes  this  phenomenon  cannot 
be  obtained.  In  children  Abercrombie  found  the  increased  irritability 
invariably  present  in  the  face,  and  not  in  the  limbs,  in  cases  of  continuous 
tetany  of  young  children. 

There  is  also  a  greatly  increased  electrical  excitability  of  the  nerves  to 
both  faradaism  and  voltaism.  I  have  obtained  contraction  in  the  muscles  of 
the  face  by  applying  to  the  nerve  the  voltaic  current  from  a  single  cell.  The 
mode  of  reaction  to  voltaism  is  changed,  as  Erb  has  pointed  out.  The 
earliest  contraction  occurs  with  the  positive  pole  when  the  circuit  is  closed, 
and  sometimes  when  it  is  opened,  instead  of  at  the  negative  pole  when  the 
circuit  is  closed.  Moreover,  the  closing  and  opening  of  the  circuit  causes 
not  only  a  momentary  contraction,  as  in  health,  but  a  prolonged  contraction, 
"  tetanus,"  and  this  with  the  positive  pole  (anode)  as  well  as  with  the  nega- 
tive (kathode).  It  is  the  only  condition  in  which  anodal  opening  tetanus  has 
been  observed  in  man.  Thus,  instead  of  the  normal  reaction  (see  p.  67) 
1,  KC1C;  2,  AC1C,  KOC;  3,  AOC,  we  have  1,  AC1C,  2,  AOC;  3,  KC1C 
or  1,  AOC;  2,  AC1C,  KC1C,  AOTe.  This  increased  irritability,  electrical 
and  mechanical,  is  greatest  at  the  height  of  the  disease,  lessens  with  it,  but 
usually  persists  for  two  or  three  weeks  after  the  spasms  have  ceased  and  after 
pressure  has  ceased  to  be  effective. 
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During  severe  paroxysms  there  is  often  copious  perspiration,  and  some- 
times local  vasomotor  disturbance,  redness,  and  even  slight  oedema  in  the 
affected  parts ;  the  pulse  is  quickened,  and  in  some  cases  a  rise  in  tempera- 
ture has  been  observed,  rarely  exceeding  ioiu  F.  In  continuous  tetany  the 
temperature  is  usually  normal.  The  urine  is  usually  unchanged,  but  tran- 
sient albuminuria  has  been  twice  observed  (Kussmaul,  Nonchen),  and  in  one 
case  glycosuria  coincided  with  the  attack  (Stich).  Tetany  has  been  followed 
by  general  muscular  atrophy  and  also  by  local  atrophy  of  the  thenar  muscles 
spreading  to  the  forearm,  and  accompanied  by  slight  atrophy  in  one  leg. 
The  electrical  irritability  was  lowered  in  the  atrophied  muscles.* 

Varieties. — We  may  distinguish  three  varieties  of  tetany,  according  as  the 
spasm  is  intermittent,  remittent,  or  continuous,  but  cases  are  met  with  that 
present  every  gradation  between  these  varieties.  Although  the  spasm  is 
almost  always  symmetrical,  I  have  once  seen  it  so  much  greater  on  one  hand 
than  on  the  other  that  when  slight  in  degree  it  was  one  sided.  There  is 
little  relation  between  the  course  and  severity  of  the  spasm,  except  that  in  the 
continuous  form  the  spasm  is  never  so  violent  as  it  sometimes  is  in  the  par- 
oxysmal varieties.  In  young  children  tetany  is  usually  continuous,  but  the 
intermittent  form  is  not  unknown.  In  older  children  and  adults  the  contin- 
uous form  is  less  common  than  that  in  which  the  spasms  remit  or  intermit. 

It  has  been  said  that  not  only  does  continuous  tetany  persist  during 
sleep,  but  that  attacks  of  spasm  may  occur,  even  for  the  first  time,  during 
sleep. 

Slight  symptoms  of  this  character  are,  indeed,  very  common  during  sleep, 
especially  in  adult  women  who  are  in  somewhat  feeble  general  health.  The 
patient  is  waked  up  by  tingling  in  both  hands  accompanied  by  a  feeling 
of  stiffness,  and  sometimes  by  actual  rigidity,  which  may  prevent  all  move- 
ment and  last  for  a  few  minutes  or  longer,  even  for  an  hour  or  more.  The 
fingers  may  be  in  the  position  characteristic  of  tetany,  or  may  be  flexed  at 
all  joints,  but  never  strongly.  The  tingling  usually  lasts  longer  than  the 
spasm.  The  condition  is  bilateral  and  comes  on  irrespective  of  posture.t 
It  seems  to  be  a  sort  of  nocturnal  tetany.  Occasionally  the  patients  who 
suffer  from  this  nocturnal  tetany  have  similar  attacks  in  the  daytime.  Now 
and  then  the  attack  is  accompanied  by  some  pain  in  the  head. 

Course. — In  both  the  continuous  and  intermitting  form  of  tetany,  the  total 
duration  of  the  disease  varies  much.  Cases  of  either  variety  may  last  only 
a  few  days ;  but  the  continuous  form  very  seldom  presents  the  prolonged 
duration  which  is  not  uncommon  when  the  spasm  is  intermittent.  If  the 
spasm  presents  no  considerable  remission  it  is  rare  for  the  disease  to,  last 
more  than  a  few  weeks,  whereas  in  the  cases  of  intermittent  tetany  the  dis- 
ease often  lasts  for  several  months.     In  the  severe  cases  after  excision  of  the 


*  Weiss,  Wien  Allg.  vied.  Ztit.,  s88j,  No.  31. 

f  It  must  not  be  confounded  with  the  tingling  in  the  region  of  the  ulnar  nerve  that  is  dvie 
to  long  flexion  of  the  elbow,  or  in  all  the  fingers  that  is  caused  by  pressure  on  the  brachial 
plexus ;  in  these  cases  the  tingling  is  always  one  sided. 
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thyroid  the  duration  is  sometimes  prolonged ;  in  one  (recorded  by  Weiss) 
the  symptoms  still  continued  three  years  after  the  operation. 

Tetany  is  an  affection  prone  to  return  on  a  recurrence  of  its  exciting 
cause,  and  sometimes  without  appreciable  cause.  A  mother  suffered  from  it 
while  suckling  each  of  five  successive  children  (Maccall),  and  a  woman  had 
an  attack  in  each  of  ten  successive  winters  (Lussana).  In  other  cases,  years 
have  intervened  between  attacks ;  three,  six,  and  even  eleven  years 
(Chvostek).  I  have  seen  a  case  in  which  a  woman  became  subject  to 
attacks  at  the  age  of  twenty-two,  and  was  still  liable  to  them  at  thirty-four ; 
each  winter,  as  the  cold  weather  came  on,  she  suffered  from  rheumatic  pains 
in  the  limbs,  and  these  were  followed  by  attacks  of  tetany,  each  lasting  fif- 
teen or  twenty  minutes.  They  occurred  every  few  days  (but  several  times 
daily  at  the  menstrual  periods),  until  the  late  spring,  and  then  ceased  until 
the  winter. 

Termination. — Most  cases  of  tetany  end  in  recovery.  Very  rarely  some 
Weakness  of  the  legs  has  persisted  for  a  time.  When  death  has  occurred,  it  has 
been  usually  due  to  the  cause  of  the  tetany,  e.g.  to  diarrhoea.  In  a  few  instances 
the  spasms  have  caused  death  either  directly,  by  their  violence  producing 
fatal  exhaustion  (Trousseau),  or  indirectly,  by  the  repeated  interference 
with  respiration  causing  congestion  of  the  lungs,  and  a  low  form  of  pneu- 
monia. The  disease,  when  it  follows  excision  of  the  thyroid,  is  much 
more  fatal  than  it  is  under  other  circumstances.  Tetany  has  been  known  to 
be  immediately  followed  by  chorea  (Salomonsen),  and,  as  we  have  seen, 
muscular  atrophy  may  supervene,  either  slight  and  confined  to  the  hands,  or 
general  and  severe. 

Pathological  Anatomy. — In  the  few  cases  in  which  a  post-mortem  exam- 
ination has  been  made,  no  change  has  been  found  which  we  can  regard  as  the 
cause  of  the  disease.  The  minute  alterations  that  have  been  detected  in  the 
spinal  cord  in  some  cases  *  are  probably  secondary  to  its  functional  over- 
action.  Such,  for  instance,  are  capillary  hemorrhages,  accumulation  of 
lymphoid  cells  around  blood  vessels,  and  even  minute  foci  of  myelitis.  The 
ganglion  cells  have  been  found  somewhat  shrunken  in  aspect,  and  to  con- 
tain vacuoles,  f  Hyperaemia  of  the  upper  part  of  the  cord  has  been 
observed  in  some  cases,  but  was  absent  in  others.  Softening  in  the  cervi- 
cal region  (Trousseau),  and  hyperemia  of  the  membranes  in  the  same  part 
(Bouchut),  if  not  of  secondary  origin,  are  at  present  too  isolated  facts  to 
deserve  significance. 

Pathology. — The  great  increase  in  the  excitability  of  the  motor  nerves 
shows  that  there  is  an  alteration  in  the  function  (and  doubtless,  also,  in  the 
nutrition)  of  the  motor  nerve  fibres.  We  know  that  changes  in  the  nutri- 
tion of  these  fibres  are  usually  dependent  dn,  and  secondary  to,  a  similar 

*  By  Weiss,  Langhans,  Ferrario,  etc. 

f  The  significance  of  the  vacuoles  in  nerve  cells  has  been  much  discussed.  I  believe  that 
they  form  during  the  process  of  hardening,  but  only  when  the  cells  are  in  an  abnormal 
state. 
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change  in  motor  cells  of  the  spinal  cord,  of  which  the  axis  cylinders  of  the 
motor  nerves  are  the  prolonged  processes.  The  discovery  of  slight  changes 
in  these  cells  in  severe  cases,  and  the  fact  that  slight  spinal  weakness  may 
follow  tetany,  also  suggests  a  disturbance  of  function  of  the  cord,  while  the 
bilateral  symmetry  of  the  disease  and  the  peculiar  and  uniform  character  of 
the  spasm,  constitute  strong  evidence  of  its  central  origin.  The  fact  that 
muscular  atrophy  has  been  observed  to  succeed  it  is  also  some  evidence  of  a 
special  disturbance  of  the  motor  cells  of  the  cord,  including,  of  course,  the 
cells  from  which  the  motor  cranial  nerves  arise.  The  sensory  symptoms 
which  often  precede  the  spasm  indicate  that  the  disturbance  of  function  is 
not  confined  to  motor  structures,  but  involves,  also,  the  sensory  nerve  ele- 
ments. Beyond  this  we  are  not  at  present  justified  in  going.  There  is  in 
this  (as  Weiss  has  pointed  out)  nothing  inconsistent  with  the  possibility  that 
the  primary  disturbance  may  be  still  higher  up,  in  the  brain,  and  that  the 
derangement  of  the  cord  and  nerves  may  be  secondary,  although  there  is, 
at  present,  no  proof  of  this.  The  peculiar  form  of  spasm  ("  interosseal  " 
flexion  of  the  fingers)  is  seen  in  some  forms  of  spasm  of  brain  origin  (<r.  g. 
many  cases  of  epilepsy)  but  we  do  not  yet  know  what  is  its  precise  sig- 
nificance. 

Whatever  the  seat  of  the  disease,  the  morbid  process  must,  as  a  rule,  be 
limited  to  disturbance  of  function  and  underlying  nutrition,  and  the  occasional 
origin  of  the  disease  in  reflex  irritation  suggests  that  the  disturbance  of  func- 
tion may  be,  in  such  cases  at  least,  the  primary  change.  The  resemblance 
of  the  spasm  to  that  seen  in  ergotism  has  struck  many  observers,*  and  has 
suggested  its  dependence  on  some  toxic  influence,  but  the  majority  of  etio- 
logical facts  are  opposed  to  such  a  supposition.  To  explain  the  paroxysms, 
Weiss  has  suggested  the  occurrence  of  periodical  spasm  of  the  vessels  of  the 
gray  matter  of  the  cord,  but  intermission  in  functional  nerve  disturbance  is 
too  frequent  a  phenomena  to  need  the  hypothesis  of  a  vasomotor  mechanism 
to  account  for  it. 

The  frequent  occurrence  of  the  disease  after  excision  of  the  thyroid  is  a 
pathological  fact  of  great  importance,  and,  doubtless,  of  great  significance, 
if  we  could  only  discern  what  its  significance  is.  But  the  mystery  that  still 
surrounds  both  the  pathological  relations  of  the  thyroid,  and  also  the  occa- 
sional consequences  of  its  removal,  should  make  us  hesitate  in  drawing  any 
hasty  conclusion  as  to  the  mechanism  by  which  tetany  is  caused  in  these 
cases.  Weiss  has  suggested  that  the  ligature  of  the  inferior  thyroid  artery 
causes  a  hyperaemic  condition  of  the  medulla,  and  that  the  ligature  of  many 
arteries  during  the  operation,  irritating  the  sympathetic  fibres,  causes  an 
excitable  condition  of  the  gray  matter  of  the  cord.  But  this  assumption  is 
purely  hypothetical ;  there  is  rio  evidence  of  either  the  occurrence  of  the 
process  or  of  its  adequacy.  It  should  be  noted,  although  we  cannot  at 
present  connect  the  two  effects  of  excision  of  the  thyroid,  that  general 
myxoedema  sometimes  follows  the  operation  very  quickly.     In  the  monkey, 


*  Imbert-Goubeyre  (1844),  Hasse,  Moxon,  Eulenburg. 
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Horsley  has  observed  it  as  early  as  thirty-eight  days  after  the  excision,  and, 
what  is  perhaps  of  some  significance,  has  found  at  this  date  commencing 
atrophy  of  the  cortex  of  the  brain.* 

On  the  whole,  our  present  knowledge  of  the  pathology  of  the  disease  points 
to  the  nerve  cells  of  the  spinal  cord  and  medulla  as  the  parts  chiefly  deranged, 
and  the  way  in  which  the  cells  in  rare  cases  seem  to  undergo  subsequent 
atrophy  suggests  that  the  disturbance  is  a  primary  one  of  the  cells  themselves, 
and  is  not  produced  by  the  agency  of  any  vasomotor  mechanism.  It  is  dif- 
ficult to  conceive  that  symptoms  of  such  definite  and  uniform  character  can 
be  the  result  of  any  vascular  spasm.  The  occasional  wasting,  with  diminished 
irritability,  is  especially  important  as  suggesting  that  the  nutritional  changes 
in  the  motor  cells  and  fibres,  causing  the  increased  excitability,  may  some- 
times go  on  to  structural  degeneration. 

Diagnosis. — The  peculiar  character  of  the  spasm,  its  limitation  to  certain 
groups  of  muscles,  its  commencement  in  the  extremities,  and  its  bilateral 
symmetry,  are  usually  sufficient  indications  of  the  nature  of  the  case.  If 
present,  the  intermissions  in  the  spasm,  the  increased  irritability  of  the 
nerves,  and  the  excitation  of  the  spasm  by  their  compression,  corroborate 
the  diagnosis,  but  the  absence  of  these  symptoms  is  of  little  weight.  The 
presence  of  one  of  the  most  common  etiological  conditions  (exposure  to 
cold,  diarrhoea,  lactation,  or  pregnancy),  is  also,  in  some  cases,  of  diagnostic 
value.  It  is  important,  however,  to  remember  that  in  slight  cases  the  sensory 
symptoms  may  attract  more  attention  than  the  motor  spasm.  Whenever 
chronic  tingling  in  the  hands  and  feet  is  complained  of,  careful  inquiry  should 
be  made  for  attacks  of  spasm. 

From  tetanus  the  disease  is  distinguishes  by  the  commonly  intermitting 
character  of  the  spasm,  by  its  commencement  in  the  extremities,  by  the 
peculiar  posture  of  the  hands,  and  by  the  fact  that  the  earliest  symptom  in 
tetanus,  spasm  in  the  masseters,  is  the  latest  in  tetany.  In  organic  brain 
disease,  contracture  is  usually  permanent  and  often  unilateral ;  there  is 
paralysis  in  addition  to  spasm,  and  cerebral  symptoms  are  usually  present. 
Hysterical  contracture  may  closely  resemble  tetany  in  so  far  as  the  form  of 
spasm  is  concerned,  but  is  almost  invariably  unilateral,  while  tetany  never 
is.  When  such  contracture  is  bilateral,  the  case  should  be  regarded  as  one 
of  tetany.  In  the  tonic  form  of  epilepsy  bilateral  spasm  may  exist,  almost 
identical  with  tetany  in  its  character,  but  distinguished  by  the  extreme 
brevity  of  the  paroxysms,  and  by  the  occurrence  of  loss  of  consciousness. 

Prognosis. — Tetany  involves  little  danger  to  life;  almost  all  cases  recover. 
The  chief  danger  is  from  the  cause  of  the  tetany,  such  as  severe  diarrhoea. 
It  is  only  when  the  paroxysms  are  very  violent,  causing  considerable  and 
repeated  interference  with  respiration,  with  signs  of  oedema  of  the  lungs, 
that  there  is  any  ground  for  apprehension.  The  danger  to  life  is  much 
greater  in  tetany  after  thyroidectomy  than  in  the  common  form.  The 
duration  of  the  disease  is  difficult  to  foretell.     When  the  attacks  are  pro- 

*  Path.  Soc,  Nov.  4th,  1884;  Brit.Med.  Journ.,  1884,  ii,  p.  910. 
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longed,  lasting  several  days,  the  disease  is  not  likely  to  be  of  long  duration, 
and  continuous  tetany,  of  slight  intensity,  will  certainly  soon  be  over.  As 
long  as  the  irritability  of  the  nerves  is  increased,  the  paroxysms  are  likely  to 
recur.  It  must  be  remembered  that  the  subjects  of  tetany  are  very  liable  to 
future  attacks,  if  exposed  to  an  adequate  cause.  The  tetany  of  pregnancy 
sometimes  quickly  ceases,  but  often  it  continues  until  delivery. 

Treatment. — Whenever  the  cause  of  the  disease  can  be  traced,  the 
removal  of  this  is  the  first  and  most  important  element  in  treatment.  If 
resulting  from  exposure  to  cold,  warm  baths  or  free  diaphoresis  should  be 
employed.  The  state  of  the  bowels  must  be  carefully  regulated.  Lactation 
should  be  stopped  and  strength  restored  by  tonics,  especially  by  iron  and 
quinine. 

In  most  cases  the  spasm  may  be  relieved  most  effectually  by  free  doses  of 
bromide  of  potassium,  gss,  three  times  a  day.  Chloral,  Indian  hemp  and 
hypodermic  injections  of  morphia  have  also  been  found  useful  for  the  same 
purpose.  The  inhalation  of  chloroform  at  first  increases  the  spasm,  but  all 
contracture  usually  disappears  when  the  patient  is  fully  under  its  influence ; 
at  the  same  time  chloroform  has  no  influence  in  preventing  a  recurrence. 
Two  cases,  however  (recorded  by  Hauber),  which  had  resisted  other  treat- 
ment, were  quickly  cured  by  a  course  of  chloroform  inhalation,  with  energetic 
massage  during  the  narcosis.  The  local  application  of  stimulating  liniments 
(especially  chloroform)  and  of  cold  to  the  extremities,  also  sometimes 
arrests  the  spasm.  Trousseau  observed  benefit  from  the  application  of  ice 
to  the  spine.  Electrical  treatment  has  been  followed  by  improvement  in 
some  cases,  and  has  failed  in  others.  The  best  results  have  been  obtained 
with  the  voltaic  current,  the  negative  pole  to  the  spine,  the  positive  on  the 
irritable  nerves,  or  both  poles  on  the  spine.     Faradaism  is  contraindicated. 

In  France,  tetany  was  once  invariably  treated  by  bleeding  ;  the  symptoms 
rapidly  disappeared  in  some  cases,  especially  in  men,  occasionally,  also,  in 
weakly  women.  The  procedure  often  failed,  however,  when  tonics  quickly 
cured  the  patient. 

The  treatment  of  tetany  in  children,  is,  in  the  main,  similar  to  that  in 
adults.  Attention  to  the  underlying  diathesis  is  of  paramount  importance. 
In  young  children,  symptoms  of  rickets  are  rarely  absent,  and  cod-liver  oil 
and  iron  are  the  most  effectual  remedies,  the  continuous  tetany  of  early  life 
being  less  amenable  to  sedatives  than  the  intermittent  tetany  of  older  chil- 
dren and  adults.  Cheadle  found  bromide  and  chloral  useless  in  one  case,  in 
which  the  extract  of  Calabar  bean  succeeded,  in  doses  of  one  thirty-sixth  of 
a  grain  increased  gradually  to  a  third,  but  cod-liver  oil  and  iron  were  given 
at  the  same  time. 

For  noctural  tetany  I  have  found  no  remedy  so  useful  as  a  dose  of  digi- 
talis given  at  bedtime.  Bromide  also  often  removes  the  symptom,  but 
occasionally  fails.     Tonics  are  also  needed. 
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TETANOID  CHOREA. 
A  case  was  recently  under  my  care  that  presented  symptoms  intermediate 
between  those  of  chorea  and  of  tetany.  The  disease  was  fatal  and  no  lesion 
was  found  after  death.  The  patient  was  a  boy  aged  ten.  A  brother  was 
said  to  have  died  from  some  affection  similar  to  that  from  which  this  child 
was  suffering.  There  was  a  history  of  three  other  relations  having  suffered 
from  maladies  resembling  chorea.  In  the  patient  the  symptoms  commenced 
gradually,  seven  months  before  death.  They  consisted  of  tonic  spasm, 
which  was  continuous,  and  varied  by  paroxysmal  attacks  of  similar  but 
more  intense  spasm.  The  face  was  involved  on  both  sides,  so  as  to  cause  a 
constant  peculiar  smile.  The  tongue  was  pressed  back  against  the  palate  in 
such  a  manner  as  to  impede  swallowing  and  prevent  speech.  The  arms 
were  extended,  pronated  and  rotated  inward,  so  as  to  bring  the  back  of  the 
forearm  outward,  while  the  fingers  were  generally  slightly  flexed  at  all  joints, 
but  at  times  were  extended,  and  slowly  moved  in  the  irregular  way  charac- 
teristic of  athetosis.  The  legs  were  extended  at  all  the  joints,  the  feet  being 
over-extended  in  talipes  equino-varus,  and  the  toes  were  flexed.  At  times 
the  spasm  at  the  hip  became  flexor,  so  that  the  extended  legs  were  raised  off 
the  bed.  The  muscles  of  the  trunk  were  also  involved  in  the  spasm.  At 
first,  the  left  side  was  the  more  severely  affected,  but  afterward  the  spasm 
became  equal  on  the  two  sides.  The  electric  irritability  of  the  muscles  was 
normal,  and  there  was  no  mechanical  excitability  of  the  nerves.  There  was 
considerable  pyrexia  during  the  more  severe  stage  of  the  disease.  The  boy 
steadily  emaciated,  and  died  from  exhaustion.  The  whole  central  nervous 
system  appeared  normal  to  the  naked  eye,  and  no  distinct  morbid  appear- 
ances could  be  discovered  on  microscopical  examination.  I  have  not  been 
able  to  find  a  description  of  any  similar  case. 


OCCUPATION  NEUROSES. 
The  term  "  occupation  neuroses,"  adopted  from  the  German  ("  Beschafti- 
gungs-neurosen  "),  is  a  convenient  designation  for  a  group  of  maladies  in 
which  certain  symptoms  are  excited  by  the  attempt  to  perform  some  often- 
repeated  muscular  action,  commonly  one  that  is  involved  in  the  occupation 
of  the  sufferer.  The  symptoms  occur  in  the  part  by  which  the  action  is 
effected,  and  the  action  is  interfered  with  by  them.  Other  acts  (_at  least  in 
the  early  stage  of  the  affection)  do  not  excite  the  symptoms,  and  are  not 
interfered  with.  The  most  frequent  symptom  is  spasm  in  the  part,  which 
disturbs  or  prevents  the  due  performance  of  the  intended  action,  and  hence 
the  word  "cramp"  is  commonly  used  in  naming  them,  qualified  by  the 
special  action,  or  rather  occupation,  that  excites  the  disorder,  as  "writers' 
cramp,"  "pianoforte-players'  cramp,"  "telegraphists'  cramp,"  "seam- 
stresses' cramp."  The  term  "  cramp  "  sets  forth  the  muscular  spasm  which, 
in  most  cases,  is  the  chief,  but  rarely  the  sole  symptom.  There  is  usually 
not  only  spasm  but  pain,  which  is  not  the  direct  result  of  the  spasm,  and 
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may  be  the  only  obtrusive  symptom.  It  may  be  referred  to  the  muscles,  or 
to  the  bones  or  joints,  or  to  the  position  of  certain  nerves.  In  the  latter 
case,  it  resembles  neuralgia,  and  the  more  closely,  since  certain  foci  of  pain 
and  tender  points  may  be  developed,  as  in  ordinary  neuralgia,  from  which 
it  differs  in  being  at  first  not  spontaneous,  but  excited  only  by  the  special 
action.  Hence  we  must  distinguish  a  motor  and  a  sensory  form,  a  spas- 
modic and  a  neuralgic  variety  of  occupation  neurosis,  but  the  two  forms  are 
very  often  combined.  Although  the  disturbance  is  in  the  first  instance 
confined  to  the  special  action,  it  usually  extends,  after  a  time,  to  other 
actions,  in  varying  degree  and  in  proportion  as  the  muscular  contractions 
correspond  in  combination  and  character  to  that  of  the  movement  first 
disordered.  The  extension  may  ultimately  be  so  wide  that  spasm,  and  still 
more  often  pain,  occurs  on  any  movement.  I  have  even  met  with  cases  in 
which  a  spasm,  at  first  excited  only  by  a  special  act,  ultimately  extended  not 
only  to  all  acts,  but  occurred  spontaneously.  Thus,  in  their  ultimate  exten- 
sion, the  occupation  neuroses  are  not  so  well  defined  as  in  their  earlier  stages. 
Moreover,  they  are  not  always  well  defined  in  their  causation.  Local  disease 
or  injury  may  distinctly  cooperate  in  developing  the  morbid  state.  In  such 
cases  extreme  care  is  necessary  in  determining  the  nature  of  the  case,  because 
a  local  affection  is  often  first  revealed  by  the  interference  with  the  action 
performed  most  frequently  and  for  the  longest  time.  Many  forms  of  disease 
are  thus  erroneously  supposed  to  be  of  the  nature  of  occupation  neuroses, 
when  the  occupation  merely  manifests  and  does  not  cause  the  symptoms. 

The  most  common  form  of  occupation  neuroses  is  that  of  writing,  and 
since  this  is  not  only  the  most  common  but  is  typical  of  the  class,  it  will  be 
most  convenient  to  describe  it  at  length,  the  conclusions  regarding  it  being 
applicable  to  all  other  forms. 

WRITING  NEUROSES ;  WRITERS'  CRAMP. 

Writers'  cramp  was  first  described  by  Sir  Charles  Bell  in  the  year  1830. 
It  was  called  "  scriveners'  palsy  "  by  Solly,  a  term  still  sometimes  applied 
to  it* 

Etiology. — The  affection  is  very  much  more  common  in  males  than  in 
females,  especially  in  its  motor  form,  doubtless  because  comparatively  few 
women  are  engaged  in  occupations  that  involve  a  large  amount  of  writing. 
If  all  forms  are  included,  males  constitute  two-thirds  of  the  sufferers,  but  a 
still  larger  proportion,  at  least  five-sixths,  of  those  who  present  the  motor 
form.  It  is  a  disease  of  the  active  period  of  adult  life,  very  rarely  com- 
mencing under  twenty  or  after  fifty,  while  about  five-sixths  of  the  cases 
begin  during  the  intervening  thirty  years.  The  distribution  of  135  cases  f 
is  as  follows  :  — 

*  The  most  important  writings  on  the  disease  are  those  of  Berger  ("  Eulenburg's  Real 
Encyclopaedia,"  art.  Beschaftigungs-neurosen)  and  of  Poore  {Practitioner,  1878  ;  "  Text- 
Book  of  Electricity,''  and  Med.-Chir.  Trans.,  v.ol.  lxi).  The  latter  article  contains  a  large 
number  of  carefully  observed  facts. 

•f  33  cases  described  by  Poore  [Practitioner,  1878),  64  collected  by  Berger  (loc.  cit.),  and 
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io-  20-  30-  40-  50-  60- 

Cases         .         .  2        ...      48       ...       44       ...       27       ...        9        ...        5 

Thus,  about  one-third  of  the  cases  commence  in  each  of  the  third  and 
fourth  decades  of  life,  and  only  a  fifth  in  the  following  ten  years. 

An  hereditary  tendency  to  nervous  affections  can  often  be  traced.     One 
of  my  patients  had  an  epileptic  uncle  ;  another  lost  a  brother  from  general 
paralysis  of  the  insane  ;  three  others  had  each  an  insane  parent,  and  one  an 
epileptic  father.     In  some  instances  more  than  one  member  of  a  family  has 
suffered  from  the  special  affection.    Thus  Vance  relates  the  case  of  a  patient 
who,. to  rest  his  hand,  went  on  a  visit  to  a  distant  brother,  and  was  surprised 
to  find  that  he  also  had  given  up  writing  from  the  same  cause.     I  have  met 
with  a  very  characteristic  case  in  a  lady  whose  father  also  suffered  from 
writers'  cramp.     In  estimating  a  family  tendency  it  must  be  remembered 
that  writers'   camp  is  a  disease  that  is  easily  imagined,  especially  by  those 
who  have  witnessed  the  disorder.     The  malady  is  sometimes  met  with  in 
those  who  exhibit  no  other  symptom  or  tendency  to  nervous  derangement, 
but  more  frequently  the  subjects  are  of  distinctly  "nervous"  temperament, 
irritable,  sensitive,  bearing  overwork  and  anxiety  badly,  and  occasionally  the 
neuropathic    tendency  shows    itself  in  other   independent   disease.      For 
instance,  one  patient  with  characteristic  writers'  cramp  (spasm  absolutely 
confined  to  the  act  of  writing)  subsequently  presented  the  early  stage  of 
tabes.     Two  of  Berger's  patients  were  epileptic,  and  one  of  my  own   had 
some  fits  in  early  adult  life.  (  Another  had  suffered  from  infantile  paralysis  ( 
in  one  leg.  J  We  must  distinguish,  however,  between  such  cases  in  which  an) 
independent  disease  shows  the  existence  of  a  neuropathic  tendency,  and  the 
cases  to  be  presently  considered,  in  which  a  nervous  affection  of  the  part 
concerned  in  writing  is  one  of  the  causes  of  the  special  disease. 
/"Whatever  lowers  the  general  tone  of  the  nervous  system  may  doubtless  j 
fact  as  a  predisposing  cause,  but  no  influence  is  met  with  so  frequently  as  to  \ 
deserve    special    mention,  except   anxiety.  J  It    is  remarkable  how  many \ 
patients,  at   the  time  of  the  onset  of  the  affection,  were  enduring  anxiety 
from  family  trouble,  business  worry,  or  weighty  responsibilities.     As   an  | 
instance  of  the  potent  influence  of  anxiety  I  may  mention  the  case  of  a  ! 
clerk  in  a  Government  office  who  had  done  only  a  moderate   amount  of 
writing,  but  became  affected  with  writers'  cramp  during  an  anxious  lawsuit 
I    about  his  wife's  property.     He  took  six  months'  rest,'  and  at  the  end  of  two 

months  his  handwriting  was  as  good  and  free  as  ever.     Toward  the  close  of  ] 
)  his  holiday  his  wife  became  seriously  ill ;  while  nursing  her,  and  before  I 
resuming  his  work,  the  writing  cramp  returned.^ 

The  affection  sometimes  follows  local  disease  or  injury.  A  naval  officer 
sprained  his  thumb,  and  before  it  had  recovered,  had  to  do  a  considerable 
amount  of  writing  in  preparing  a  report  of  a  surveying  expedition,  and  char- 
acteristic writing  spasm  came  on.     In  many  recorded  instances  some  painful 

36  cases  of  my  own ;  all  being  rejected  in  which,  from  the  nature  of  the  symptoms,  there 
was  any  room  for  doubt  as  to  the  nature  of  the  case. 
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affection  of  a  finger  has  preceded  the  onset,  and  in  one  case  periostitis 
of  the  external  condyle  of  the  humerus  (from  which  some  of  the  forearm 
muscles  arise;  distinctly  cooperated  in  causing  the  cramp ;  pressure  on  the 
tender  part  excited  reflex  spasm  (Runge).  In  two  patients,  characteristic 
writers'  cramp  followed  recovery  from  a  slight  attack  of  right  hemiplegia 
(Vance,  Runge).  Primary  neuralgia  and  neuritis  in  the  arm  may  also  aid  in 
the  causation  of  the  disease,  but  nerve  tenderness,  which  is  common,  is  prob- 
ably, in  most  instances,  part  of  the  affection  and  not  its  cause,  and  does  not 
show  that  there  is  a  primary  disease  of  the  nerves. 

The  chief  agent  in  the  production  of  the  malady  is  the  act  of  writing, 
which  has  usually  been  excessive  in  degree.  Hence  the  affection  occurs 
chiefly  among  those  who  earn  their  living  by  writing,  and  by  writing  much, 
and  clerks  furnish  the  majority  of  the  cases.  /  But  it  now  and  then  occurs  in 

f  persons  who  have  not  done  an  excessive  amount  of  writing ;  and  in  such  cases 

:  a  powerful  predisposing  cause,  such  as  anxiety,  may  commonly  be  traced. 

)  The  occurrence  of  the  disease  is  influenced  less  by  the  amount  than  by  the 
manner  of  writing.     There  are,  in  writing,  two  chief  elements,  the  way  in 
which  the  pen  is  held,  and  the  way  in  which  the  movements  are  effected.  [ 
The  mode  in  which  the  pen  is  held  is  comparatively  unimportant ;  it  is  the 
mode  in  which  the  pen  is  moved  that  chiefly  determines  the  occurrence  of' 
the  disease.     The  movement  may  be  effected  either  by  the  muscles  moving 

;  the  fingers  and  hand,  or  by  the  muscles  of  the  upper  arm,  and  according  to 
the  mode  adopted  does  the  necessary  degree  of  muscular  contraction  vary. 
The  smaller  the  muscles  employed,  the  greater  must  be  the  relative  degree 

i  of  contraction  to  produce  a  given  movement  of  the  pen,  the  greater  is  the 

;  amount   of  fatigue  produced,  and   the   more    readily  does  cramp   occur. 

(  Writers'  cramp  is  almost  entirely  confined  to  those  who  write  in  the  first  two 
of  the  following  four  modes  :     (i)  The  worst  mode  of  writing  is  with  the 

j  little  finger  as  a  fixed  point  of  support.     The  pen  is  then  moved  up  and 

i  down  by  the  muscles  of  the  thumb  and  first  two  fingers,  which  are  constantly 
contracted  almost  to  their  maximum  ;  the  lateral  movement  is  effected  by  a 
slight  supination  of  the  hand  ;  only  a  few  letters  can  be  written  without  the 
movement  of  the  little  finger,  and  before  it  is  moved  a  considerable  strain  is 

'  necessary  to  prevent  the  pen  being  raised  from  the  paper  by  the  process  of 
supination.  Of  all  possible  modes  of  writing,  this  is  the  worst.  (2)  The 
most  common  mode  is  to  write  from  the  wrist  as  a  fixed  point.  In  this 
method,  the  up-and-down  strokes  are  made  chiefly  by  the  flexion  and  j 
extension  of  the  fingers  and  thumb  in  the  manner  above  described,  but  the  j 
lateral  movement  of  the  hand  is  effected  chiefly  by  the  ulnar  abductors  of 
the  wrist ;  as  these  are  also  flexors  and  extensors,  considerable  effort  is  neces-' 
sary  to  keep  the  pen  on  the  paper  during  the  left-to-right  movement.  (3)  A 
far  better  way  is  to  write  from  the  middle  of  the  forearm ;  the  wrist  moving 
with  the  hand  and  the  lateral  movement  being  effected  by  adduction  of  the 
humerus,  the  forearm  rotating  on  its  point  of  support  as  on  a  pivot.  Even 
in  this  method,  however,  since  the  tendency  of  the  hand  is  to  move  in  a 
curve,  effort  is  necessary  to  keep  the  words  in  a  straight  line,  and  this  has  to 
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be  effected  by  increasing  flexion  of  the  wrist,  which  interferes  with  the  action 
of  the  flexors  of  the  fingers  in  moving  the  phalanges.  (4)  The  best  and 
freest  method  is  to  write  from  the  upper  arm  and  shoulder,  with  no  fixation 
of  the  arm ;  the  forearm,  wrist,  and  little  finger  rest  on  the  table  so  as  to 
take  off  some  of  the  weight  of  the  limb  from  the  shoulder  muscles,  but  both 
wrist  and  forearm  move  along  the  table  as  the  writing  progresses  from  left  to 
right.  In  this  way  the  pen  is  held  very  lightly ;  scarcely  any  of  the  move- 
ment is  effected  by  the  small  muscles  of  the  hand ;  the  fingers  scarcely  alter 
their  position,  except  when  a  stroke  is  carried  far  above  or  below  the  line; 
and  even'  for  this  a  movement  of  the  fingers  is  not  always  necessary.*  No 
style  can  be  considered  free  unless  it  is  easy  to  write  a  whole  line  across  a 
page  of  foolscap  without  once  breaking  contact  between  the  pen  and  the 
paper. 

,  It  is  probable  that  the  practice  of  thickening  the  down-strokes  conduces  | 
J  to  the  occurrence  of  the  affection,  as  it  necessitates  frequent  increased  pres- 
i  sure  on  the  pen.^  Many  writers  have  suggested  that  the  use  of  steel  pens  is  i 
one  element  in  the  causation  of  the  disease,  and  it  seems  probable  that  this  J 
is  true,  since  steel  pens  have  to  be  grasped  more  firmly,  and  adjusted  more  I 
exactly,  than  a  quill,  and  also  because  the  disease  seems  to  have  become  more  ) 
frequent  since  the  use  of  steel  pens  has  become  almost  universal.  But  writers' 
cramp  occurred  when  quills  were  the  invariable  instruments  of  writing,  and  | 
is  still  seen  occasionally  among  those  who  never  use  a  steel  pen. 

Among  clerks  who  suffer,  lawyers'  clerks  constitute  an  undue  proportion. 
This  is  no  doubt  due  to  the  cramped  style  in  which  they  commonly  write. 
On  the  other  hand,  writers'  cramp  is  practically  unknown  among  those  who 
wrjte  more,  and  under  higher  pressure,  than  any  other  class,  shorthand  writers. 
The  speed  required  and  the  style  needed  for  forming  shorthand  characters 
compels  a  very  free  style  of  writing,  generally  from  the  shoulder,  and  this 
is  also  adopted  by  them  in  longhand  writing,  and  the  result  is  that  they  have 
an  almost  complete  immunity  from  the  disease,  f 

Symptoms. — The  precise  mode  in  which  the  act  of  writing  is  deranged 
varies  much  in  different  cases.  The  chief  disturbance  is  usually  from  spasm, 
but  sometimes  it  is  from  pain.  Occasionally  there  is  tremor  without  other 
spasm,  ceasing  when  the  attempt  to  write  is  relinquished.  More  rarely  still 
there  is  simple  inability  to  write,  from  apparent  weakness,  without  spasm, 
although  there  is  no  loss  of  power  for  other  movements.  Four  forms  may 
thus  be  distinguished,  the  spastic,  tremulous,  neuralgic  and  paralytic  forms, 
but  the  last  is  extremely  rare,  and  I  have  never  met  with  an  example  of  it. 
Motor  Symptoms. — The  spasmodic  form  is  the  most  frequent  and  the  most 

*  To  some  who  are  accustomed  to  write  with  the  fingers  chiefly,  the  statement  in  the  text 
may  seem  incredible,  but  I  have  verified  it  by  a  pencil  fixed  to  the  forearm,  which  produced 
the  same  characters  as  were  traced  by  the  pen  held  in  the  hand. 

t  I  have  indeed  seen  one  case  in  a  shorthand  writer,  but  it  was  not  quite  a  pure  case, 
and  at  the  meeting  of  the  recent  Shorthand  Congress  I  could  not  hear  of  any  writer  who  had 
ever  known  of  a  case  of  writers'  cramp  in  a  member  of  his  profession. 
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:haracteristic,  but  presents  considerable  variety  in  its  features,  depending 
>artly  on  the  mode  in  which  the  patient  is  accustomed  to  write,  and  the 
nuscles  which  he  accordingly  calls  into  chief  action.  The  commencement 
s  almost  always  gradual  (some  instances  of  sudden  onset  will  be  mentioned 
presently).  After  writing  for  some  time  the  patient  finds  something  unusual 
ibout  his  writing ;  the  pen  does  not  move  quite  as  he  intended  it  to  do  ;  a 
itroke  now  and  again  is  irregular,  extends  too  high  or  too  low ;  a  slight 
nvoluntary  movement  causes  an  unintended  mark.  He  finds  that  he  is 
jrasping  the  pen  too  tightly,  and  cannot  help  doing  so ;  that  the  fingers  do 
lot  keep  in  their  accustomed  place ;  and  the  first  finger  has  a  tendency  to 
ilip  off  the  pen,  so  that  this  gets  between  the  first  and  second  finger.  He 
;ndeavors  to  mend  matters  by  taking  a  firmer  hold,  but  this  seems  to  increase 
:he  difficulty,  and  he  finds  that  he  writes  slowly,  as  if  a  weight  were  attached 
:o  the  hand.  The  hand  feels  strangely  tired,  and  an  aching  pain  in  the 
finger  or  thumb  or  first  metacarpal  bone,  or  in  the  wrist  or  forearm,  makes  it 
still  more  difficult  for  him  to  go  on  writing.  The  symptoms  may  continue 
with  only  slight  impairment  of  the  power  of  writing,  for  weeks  or  months, 


Fig.  323. 


Fig.  334. 


Cramped  method  of  holding  pen,  habitual  to  a 
patient  who  suffered  from  writers'  cramp. 


Pen  held  between  first  and  second  fingers',  by  a 
patient  suffering  from  difficulty  in  writing. 


but  they  occur  after  writing  for  a  shorter  time ;  they  increase  in  degree ; 
and  now  and  then  there  is  distinct  spasm,  which  cannot  be  controlled.  The 
first  finger  or  the  thumb  tends  to  become  flexed  at  the  middle  joint,  so  that 
its  tip  moves  up  the  pen,  or,  less  commonly,  the  fingers  become  extended,  so 
that  the  pen  is  not  pressed  against  the  paper  with  sufficient  force,  and  may 
even  drop  from  the  hand.  The  characters  of  the  writing  become  still  more 
irregular,  the  down-strokes  are  too  thick,  the  point  of  the  pen  may  be  driven 
through  the  paper,  and  in  its  irregularity  of  form  and  force  the  writing 
"  resembles  that  done  in  a  jolting  carriage."  Rarely  the  chief  spasm  is  in 
the  fourth  finger,  or  in  the  third  and  fourth  fingers,  and  pain  may  be  felt  in 
the  long  flexor  of  these  fingers,  and  the  ulnar  flexor  of  the  wrist.  Sometimes 
the  whole  hand  seems  to  get  stiff.  As  the  spasm  increases  in  degree,  it 
sxtends  in  range,  and  involves  more  of  the  muscles  of  the  forearm.  There 
is  a  tendency  for  the  wrist  to  become  flexed,  or  extended,  or  supinated,  and 
in  the  effort  to  prevent  the  disturbing  movement,  the  opponents  contract 
strongly,  until  at  last  all  the  muscles  of  the  forearm  maybe  in  such  energetic 
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spasm  as  to  render  movement  of  the  pen  impossible.  Various  devices  are  at 
first  employed  to  counteract  the  spasm.  The  mode  of  holding  the  pen  is 
changed ;  it  is  held  between  the  first  two  fingers,  or  fixed  in  a  piece  of  cork, 
which  is  grasped  with  the  hand,  and  the  movements  in  writing  are  effected 
by  the  upper  arm ;  or  the  patient  fixes  the  right  hand  by  the  help  of  the 
other;  placing,  for  instance,  some  fingers  of  the  left  hand  between  the  last 
two  fingers  of  the  right.  For  a  time  these  devices  give  a  little  help,  but 
the  spasm  gradually  increases  in  degree,  and  overcomes  the  fixing  help,  or 
it  spreads  to  the  muscles  of  the  upper  arm. 

Although  the  onset  is  gradual  in  almost  all  cases,  in  very  rare  instances 
the  affection  comes  on  in  an  acute  manner.  In  the  cases  of  this  character, 
pain  has  generally  'been  a  permanent  symptom,  and  some  slight  symptoms 
have  usually  preceded  the  acute  onset.  One  patient,  who  had  noticed  a 
slight  "  crampy  "  feeling  in  his  fingers  after  writing  for  a  long  time,  one  day 
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Handwriting  of  a  patient  suffering  from  writers'  cramp,  and  after  recovery. 


wrote  rapidly  for  several  hours,  and  then  the  hand  suddenly  became  so  stiff 
that  he  could  scarcely  move  it.  He  gave  up,  but  next  day  was  no  better, 
and  when  I  saw  him,  ten  days  later,  he  could  only  write  two  words,  and  that 
with  extreme  slowness  and  effort,  and  the  attempt  caused  much  pain. 
Another  patient,  who  had  been  conscious  for  some  time  of  a  little  more 
fatigue  in  writing  than  was  usual,  sat  down  one  day  to  write  a  number  of 
letters  on  a  subject  that  vexed  her  much.  After  writing  for  about  two  hours, 
she  felt  a  sudden  pain  around  the  wrist,  passing  down  to  the  knuckles,  and 
up  the  forearm  to  the  elbow.  The  hand  then  slowly  closed  in  spasm.  She 
forced  the  fingers  back  and  went  on  writing  for  a  short  time  with  much  pain 
and  difficulty.  Subsequently,  for  some  years,  as  soon  as  she  attempted  to 
write  the  same  pain  came  on,  followed  by  spasm.  Other  acts,  after  a  time, 
also  excited  the  pain,  although  much  less  readily  than  writing. 

The  spasm  is  almost  always  tonic  in  character ;  and,  although  it  may  now 


1066  writers'  cramp. 

and  then  be  varied  by  a  slight  start  or  jerk,  there  is  very  seldom  actual  clonic 
spasm.  I  have  only  seen  one  case  with  such  clonic  spasm  ;  in  this,  as  soon 
as  the  patient  attempted  to  write,  the  first  finger  and  thumb  became  flexed 
at  all  joints  by  clonic  spasm,  and  slipped  off  the  pen.  The  affection  had 
existed  for  five  years,  and  was  at  first  limited  to  writing ;  afterward  any 
action  in  which  the  fingers  were  flexed  would  bring  on  the  spasm.  But 
tonic  spasm  is  often  accompanied  by  some  tremor,  and  occasionally  the 
tremor  is  the  most  conspicuous  symptom.  The  letters  are  "  shaky  "  and  the 
lines  are  varied  here  and  there  by  angular  zigzags.  As  soon  as  the  attempt 
to  write  is  relinquished,  the  tremor  usually  ceases.  It  is  rare  to  meet  with 
tremor  only  ;  in  most  cases  spasm  is  associated  with  it ;  there  may  be  at  first 
simple  spasm  and  afterward  some  tremor  in  addition,  or  tremor  may  at  first 
occur  alone  and  afterward  tonic  spasm  as  well  as  tremor.  Occasionally,  in 
old-standing  cases,  there  is  slight  tremor  in  the  hand  when  the  patient  is  not 
writing,  and  when  this  is  the  case  there  is  often  some  tremor  in  the  left  hand 
as  well  as  in  the  right. 

The  spasm  may  be  limited  to  the  act  of  writing,  and  other  actions,  even 
such  as  involve  delicate  muscular  coordination,  may  be  performed  without 
the  slightest  difficulty.  It  is  not  uncommon,  for  instance,  for  the  patient  to 
be  able  to  shave  himself  or  to  play  the  piano  with  perfect  facility.  In  slight 
cases  the  spasm  may  be  limited  even  to  the  act  of  writing  with  a  pen,  and 
the  patient  can  write  with  a  pencil  without  difficulty.*  I  have  known  a 
patient  to  be  able  to  paint  without  difficulty,  although  he  could  scarcely 
write.  A  still  more  curious  limitation  has  been  observed ;  printing  char- 
acters could  be  traced  with  a  pen,  although  an  attempt  to  write  in  the  ordi- 
nary manner  at  once  brought  on  a  spasm. 

But  absolute  limitation  to  the  act  of  writing  is  seldom  met  with,  except 
in  cases  of  very  slight  degree.  In  most  severe  cases  the  patient  experiences 
some  difficulty  in  actions  requiring  delicate  coordination  of  the  same  mus- 
cles. One  patient,  for  instance,  had  no  difficulty  in  any  other  action  except 
in  shaving  himself.  Another,  at  the  end  of  twelve  years,  could  do  every- 
thing except  draw  and  scratch  out  with  a  penknife.  The  extent  to  which 
the  spasm  spreads  to  other  actions  thus  varies  much  in  different  cases.  It  is 
greatest  in  cases  in  which  flexor  spasm  predominates.  Occasionally,  in  such 
cases,  the  spasm  comes  on  when  any  action  is  attempted,  and  I  have  known 
one  case  in  which  spasm,  at  first  confined  to  the  act  of  writing,  ultimately 
not  only  extended  to  all  other  actions  but  became  spontaneous,  so  that  when 
the  hand  was  at  rest  the  fingers  and  wrist  gradually  became  flexed. 

Power  in  the  hand  may  be  quite  unimpaired.  Sometimes  the  grasp  is  a 
little  weaker  than  it  should  be,  and  it  is  not  uncommon,  as  Poore  has  pointed 
out,  to  find  definite  slight  weakness  of  certain  muscles  of  the  hand.  Occa- 
sionally there  is  considerable  loss  of  power  and  inability  to  sustain  effort. 

*  Partly  because  he  can  press  more  firmly  on  the  pencil,  and  thus  steady  the  hand  (see 
Poore,  Med.-Chir.  Trans.,  vol.  lxi,  p.  127). 
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There  may  in  rare  cases  be  slight  wasting  of  certain  muscles,  but  this  is 
altogether  exceptional  in  cases  of  true  writers'  cramp. 

The  electric  irritability  of  the  nerves  and  muscles  may  be  perfectly  nor- 
mal, or  may  present  a  slight  change,  increase  or  diminution,  chiefly  in  cases 
that  have  lasted  for  some  time.  The  change  is  usually  the  same  to  faradaism 
and  voltaism,  and  the  degree  of  irritability  is  similar  in  both  muscles  and 
nerves.  It  is  often  found  in  all  the  nerves  which  are  accessible  to  examina- 
tion. It  is  thus  to  be  regarded  as  a  primary  change  in  nerve  irritability,  not 
of  muscle  irritability;  the  change  in  the  irritability  of  the  muscles  depends 
on  the  motor  nerve  endings  they  contain.*  It  may  be  remembered  that  all 
three  nerves  of  the  arm,  radial  (musculo-spiral),  ulnar,  and  median,  supply 
muscles  employed  in  writing.  Several  cases  I  have  seen  show  that  increased 
irritability  is  the  earlier  change  of  the  two  and  that  the  diminution  of  irrita- 
bility succeeds  it. 

Sensory  symptoms  are  seldom  entirely  absent,  and  are  often  very  prominent. 
The  tonic  spasm  is  accompanied  by  a  painful  sense  of  fatigue  in  the  muscles, 
and  by  definite.dull  pain, often  referred  to  the  bones  or  joints,  very  often  to  the 
metacarpal  bones  or  to  the  wrist,  soon  ceasing  when  the  effort  to  write  is 
relinquished.     Occasionally,  though  not  often,  a  tingling  sensation,  "  pins 
and  needles,"  is  felt  in  certain  fingers  during  the  attempt  to  write.     Now 
and  then  the  pain  is  more  severe,  and  may  then  be  referred  to  the  course  of 
the  nerves  so  as  to  be  distinctly  neuralgic  in  character.     At  first  it  occurs 
only  during  the  act  of  writing,  but  after  a  time  it  may  be  produced  by  any 
muscular  effort  in  the  part.     It  may  be  chiefly  localized  in  certain  foci  along 
the  course  of  the  nerve,  and  after  a  time  the  nerves  are  found  to  be  tender 
and  the  tenderness  is  greatest  at  the  foci  of  pain — these  tender  points  thus 
completing  the  resemblance   to  ordinary  neuralgia.     In  many  cases  some 
muscular  spasm  accompanies  the  pain  during  the  act  of  writing,  and  often 
has  preceded  the  pain  in  time.     I  may  briefly  relate  a  most  instructive  case 
of  this  character.     The  patient  was  a  young  woman,  a  lithographic  writer, 
producing  exquisite  copper-plate  writing  which  could  only  be  executed  in  a 
cramped  manner,  with  fixation  by  the  little  finger.     She  found  that  her  hand 
grasped  the  pen  with  undue  force,  and  now  and  then  a  stroke  did  not  go 
quite  in  the  intended  direction.    The  spasmodic  symptoms  slowly  increased, 
without  the  slightest  pain,  for  three  months,  the  pen  tending  to  slip  between 
the  first  and  second  finger  until  she  was  obliged  to  hold  it  thus.     Then  slight 
pain  was  felt  in  the  thumb  and  fingers  at  the  places  where  they  were  in  con- 
tact with  the  pen.     This  pain  gradually  extended  to  the  wrist,  and  then  up 
the  arm  to  the  axilla,  and  continued  until  she  came  under  my  care  two  years 
after  the  onset.     Then,  the  spasm  remained  about  the  same,  but  the  pain 

*  At  the  same  time  it  would  be  wrong  to  lay  much  weight  on  this  consideration,  because 
it  is  possible  that  an  abnormal  irritability  of  the  muscular  fibres  may  cause  them  to  respond 
more  readily  to  a  given  stimulation  of  the  nerve  fibres.  We  can  only  judge  of  the  stimula- 
tion of  the  motor  nerves  by  the  effect  on  the  muscular  fibres.  It  is,  however,  customary  to 
regard  a  change  in  muscular  effect  of  stimulation  of  the  nerves  as  evidence  of  a  change  in  the 
nerve  fibres  themselves. 
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was  so  great  as  alone  to  prevent  her  from  writing.  It  still  commenced  where 
the  pen  was  in  contact  with  the  thumb  and  with  the  contiguous  sides  of  the 
first  two  fingers,  being  felt  in  all  three,  and  darting  up  the  arm.  A  focus  of 
greater  pain  was  situated  in  front  of  the  wrist  over  the  median  jierve,  and 
another  a  little  below  the  elbow  ;  these  points  were  very  tender  to  pressure. 
There  was  also  some  general  tenderness  of  the  median  and  ulnar  nerves,  and 
another  tender  point  on  the  musculo-spiral.  The  pain  never  occurred  spon- 
taneously, but  was  now  excited  by  any  muscular  effort.  The  nerves  presented 
a  distinct  increase  of  electrical  excitability.  Thus,  the  prominent  trouble 
at  the  time  the  patient  came  under  observation  was  neuralgic  pain,  but  both 
the  history  and  the  characters  of  the  pain  showed  that  it  was  secondary  to 
writing  and  a  true  "occupation  neuralgia."  In  some  cases  the  pain  may 
become  altogether  independent  of  the  act  of  writing.  Thus,  in  one  patient 
it  was  associated  at  the  onset  with  well-marked  spasm ;  writing  was  entirely 
given  up,  and  the  spasm  ceased,  but  the  pain  continued  and  became  produced 
by  any  movement,  and  ultimately  it  was  felt  chiefly  in  the  upper  part  of  the 
arm  and  then  in  both  shoulders,  and  was  brought  on  by  any  emotion  as  well 
as  by  movements.  The  sensory  symptoms,  when  they  once  become  promi- 
nent, often  exhibit  a  strong  tendency  to  spread,  and  sometimes  acquire  a 
relative  independence,  as  in  the  case  just  mentioned.  The  feeling  of  "  ting- 
ling," or  "  pins  and  needles,"  already  mentioned  as  an  occasional  symptom, 
may  spread,  like  the  tremor,  to  the  other  arm. 

(Course.  —The  symptoms  continue  and  usually  increase  as  long  as  the 
patient  perseveres  in  the  attempt  to  write,  and  only  become  stationary  when 
prudence  or  sheer  inability  prevents  the  effort.  The  rate  of  increase  varies 
much  in  different  cases,  and  is  generally  rapid  in  proportion  to  the  badness 
of  the  original  method  of  writing.  The  tendency  for  the  affection  to  spread 
to  other  actions  also  varies  much,  and  is  generally  proportioned  to  the 
general  weakness  of  the  nervous  system.)  As  we  have  seen,  the  sensory 
symptoms  of  neuralgic  type  exhibit  a  greater  tendency  to  extension  than  do 
the  motor  symptoms. 

The  sufferer  who  finds  himself  unable  to  write  with  one  hand  often  learns 
to  write  with  the  other.  After  he  has  acquired  the  needful  facility,  and  has 
written  with  the  left  hand  for  a  time,  similar  symptoms  may  develop  in  this 
hand,  and  they  then  usually  progress  more  quickly  than  in  the  arm  firsl 
affected.)  When  sensory  symptoms  are  prominent,  the  left  hand  is  especiall) 
apt  to  suffer  early.  Fortunately  the  invasion  of  the  left  hand  is  not  invari- 
able ;  I  have  even  known  it  to  do  good  work  for  twelve  years,  although  the 
affection  continued  unchanged  in  the  right  hand.  Indeed,  if  we  exclude 
the  cases  of  neuralgic  type,  I  think  that  the  chances  are  nearly  equal  whethei 
the  left  hand  will  suffer  or  not.  If  perfect  rest  is  given  to  the  right  hand, 
either  by  abstinence  from  writing  or  by  the  exclusive  use  of  the  left  hand: 
the  symptoms  may  slowly  lessen,  and  ultimately  pass  away,  so  that  writing 
may  be  resumed,  without  any  return  of  the  affection.  This  was  the  cas< 
with  the  patient  whose  handwriting  is  shown  in  Fig.  325.  A  more  typica 
case  of  writers'  cramp  could  not  be,  and  yet  the  recovery,  during  two  years 
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use  of  the  left  hand,  was  so  complete  that  he  has  now  written,  and  written 
much,  with  the  right  hand  for  thirteen  years,  without  any  recurrence  of  the 
disease.  In  some  cases,  however,  the  symptoms  that  have  been  removed  by 
rest,  return  soon  after  the  attempt  to  write  is  made,  and  in  others,  even  rest 
fails  to  effect  much  improvement,  and  the  symptoms  may  continue  to  the 
end  of  life.  The  tendency  of  neuralgic  pain  to  spread  widely  has  been 
already  mentioned.  When  tingling  is  felt  in  the  fingers  it  is  occasionally 
also  felt  in  the  foot  of  the  same  side,  and  I  have  once  known  slight  cramp  in 
the  leg  to  accompany  such  tingling  and  severe  spasm  in  the  hand. 

Pathology. — No  anatomical  changes  are  known  in  writers'  cramp,  and 
none  could  be  found  in  one  case  which  I  had  an  opportunity  of  examining. 
The  pathology  of  the  disease  has  therefore  to  be  inferred  from  its  symptoms 
and  causation.  Three  chief  theories  have  been  held  regarding  its  nature. 
According  to  one,  it  is  essentially  a  local  disease,  a  weakness  in  some  mus- 
cles permits  the  over-action  of  their  antagonists,  which  increases  to  spasm.* 
A  second  theory  ascribes  the  spasm  to  reflex  action,  the  result  of  the  stimu- 
lation of  the  sensory  nerves  in  the  act  of  writing."}"  A  third  (held  by  most 
writers  on  the  subject)  regards  the  affection  as  primarily  and  essentially  cen- 
tral, the  result  of  a  deranged  action  in  the  centres  concerned  in  the  act  of 
writing.  The  first  two  theories  seem  inadequate,  by  themselves,  to  explain 
the  symptoms.  Most  observers  have  failed  to  find  in  the  early  stage  of  true 
writers'  cramp  any  evidence  of  primary  weakness.  The  initial  disturbance 
is  spasm  ;  the  slight  loss  of  power  which  may  be  found  in  certain  muscles 
after  the  disease  has  existed  for  some  time  does  not  explain  the  spasm,  first, 
because  this  is  far  wider  in  range  than  the  antagonists  of  the  feeble  muscle, 
secondly,  because  the  very  muscles  that  are  weak  are  often  involved  in  the 
spasm ;  thirdly,  because  local  muscular  weakness  does  not  excite  spasm  of 
the  character  presented  by  a  well-marked  case  of  writers'  cramp.  The  reflex 
theory  is  inadmissible  because,  in  the  majority  of  cases,  there  is  no  evidence 
that  abnormal  sensory  impressions  precede  the  spasm.  Even  in  the  case 
related  on  p.  1068,  in  which  pain  was  so  prominent,  it  was  distinctly  secondary 
in  time.  Both  weakness  and  pain  in  the  hand  are  very  common  without 
the  manifestation  of  the  slightest  tendency  to  the  occurrence  of  writers' 
cramp.  Although  neither  the  theory  of  local  weakness,  nor  that  of  reflex 
spasm,  can  be  regarded  as  explaining  the  phenomena  of  ordinary  cases,  it  is 
very  probable  that  each  influence  may  take  a  share,  in  some  instances,  in 
increasing  the  disease,  and  occasionally  may  help  to  excite  it.  But  the  mor- 
bid state  of  the  centre  may  be  developed  without  such  aid,  and  must  be 
regarded  as  the  chief  element  in  the  disease. 

All  forms  of  occupation  spasm  affect  movements  that  are  purely  acquired, 
and  of  all  these  movements  that  of  writing  is  the  most  complex  and  most 
delicate.  The  acquisition  of  the  power  of  performing  any  action  with  ease 
means  the   "education"   of  the  nervous  centres  concerned  in  it,  the  estab- 

*  Dzondi,  Meyer,  Haupt,  Zaradelli.     This  theory  has  been  ably  advocated  by  Poore. 
f  Fritz,  Romberg. 
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lishment  of  a  tendency  to  the  associated  action  of  nerve  cells,  in  perfect 
adjustment  of  varied  order  and  degree,  with  the  least  possible  voluntary 
efforts  of  excitation  and  control.  This,  in  the  language  of  modern  phy- 
siology, means  the  establishment  of  lines  of  lessened  resistance  in  centres, 
i.  e.  between  connected  cells,  and  doubtless,  also,  modifications  in  the  force 
and  readiness  with  which  nerve  energy  is  liberated  in  them.  This  education 
is  effected  by  the  repeated  functional  action  of  the  centres  under  the  stimulus 
of  the  will,  at  first  strong,  afterward  gradually  lessening,  as  the  desired  func- 
tional mechanism  is  developed  by  exercise,  and  established  by  the  resulting 
modifications  of  nutrition.  There,  in  health,  the  process  stops.  Readily  as 
nerve  energy  is  evolved,  it  is  always  under  a  voluntary  stimulus,  and  exactly 
in  the  degree  required.  The  clearest  conception  we  can  form  of  the  path- 
ology of  writers'  cramp  is  that  this  process  of  lowering  of  resistance  between 
nerve  cells  has  gone  too  far,  so  that  the  ■  energy  evolved  is  excessive  and 
irregular,  although,  when  the  same  cells  are  excited  in  a  different  order,  the 
resistance  is  normal  in  proportion  as  the  order  differs  from  that  involved  in 
the  act  of  writing,  and  hence,  in  that  degree,  other  movements  escape.  No 
doubt  the  impairment  of  function  is  attended  by  impairment  of  nutrition. 
In  some  cases  the  changes  go  so  far  that  all  attempts  at  movement  give  rise 
to  cramp,  and,  at  the  same  time,  the  total  power  that  can  be  exerted  is  con- 
siderably below  the  normal. 

The  mechanism  of  the  morbid  lowering  of  resistance  may  be  the  same  as 
that  by  which  the  resistance  was  lowered  in  the  education  of  the  centre, 
carried  in  this  case  to  excess.  The  degree  of  exertion  necessary  to  produce 
the  effect  varies  inversely  as  other  influences  cooperate  and  tend  to  degrade 
nutrition  or  to  disturb  the  centre.  Some  causes,  such  as  anxiety,  aid  in  the 
former  way,  by  impairing  nutrition ;  others,  such  as  local  disease  of  the 
limb,  in  the  latter,  by  deranging  the  centre.  The  influence  of  local  pain 
and  local  weakness  in  deranging  movement  is  too  familiar  to  need  illustra- 
tion, but  this  effect  is  probably  produced  through  the  centre,  and  can  only 
aid  in  the  production  of  writers'  cramp  by  disturbing  the  normal  relation 
of  the  force  evolved,  and  so  aiding  in  the  establishment  of  the  morbid  state 
just  described. 

The  condition  assumed  is  that  which  used  to  be  described  as  "  irritable 
weakness."  In  all  parts  of  the  nervous  system,  when  force  is  too  readily 
evolved,  the  total  amount  of  nerve  force  which  can  be  liberated  is  usually 
below  the  normal.  Thus  there  may  be  weakness  as  well  as  spasm,  and  as 
the  morbid  condition  may  progress  in  one  part  of  the  centre  more  than 
another,  the  weakness  may  be  distinct  only  in  certain  muscles.  The  fact 
that  the  affection  occurs  chiefly  in  those  who  write  by  means  of  small  mus- 
cles, is  quite  compatible  with  the  theory  that  the  disease  is  essentially  cen- 
tral. The  difference  between  the  method  of  writing  by  small  or  by  large 
muscles  is  that  in  the  one  case  there  is  extreme  activity  of  comparatively  few 
cells  of  the  cerebral  cortex,  in  the  other  case  there  is  slight  activity  of  many 
cells.  The  morbid  state  of  nutrition  which  accompanies  disturbed  function 
in  a  motor  centre  tends  to  descend  the  motor  fibres,  and  hence  we  can 
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understand  that  a  slight  change  in  the  electric  irritability  of  the  nerves 
should  sometimes  be  found,  just  as  in  chorea. 

It  has  been  objected  to  the  central  theory,  that  it  assumes  the  existence  of 
a  centre  for  the  coordination  of  writing,  and  therefore  of  every  separate 
action  which  any  one  part  of  the  body  can  perform,  and  that  we  know 
nothing  of  the  existence  of  such  centres.  The  objection  is  invalid  because 
no  such  assumption  is  made.  The  theory  does  not  assume  that  there  is  a 
separate  centre,  for  writing  or  other  movement,  but  only  that  there  are 
varying  lines  of  resistance  in  the  innumerable  connections  of  the  motor 
nerve  cells,  and  that,  as  each  movement  is  the  result  of  the  action  of  nerve 
cells  in  different  order  and  degree,  permanent  functional  relations  are  devel- 
oped and  may  be  separately  deranged.  No  separate  coordinating  centre  is 
assumed,  any  more  than  in  a  complex  piece  of  machinery,  in  which  the  bars 
and  bands  and  wheels  that  convey  the  force  coordinate  it  by  their  arrange- 
ment. It  must  also  be  remembered  that  the  conception  of  a  physiological 
centre  does  not  necessarily  involve  that  of  a  local  limitation.  Nerve  cells 
act  together  that  are  far  apart,  and  those  that  are  adjacent  are  often  inde- 
pendent. Diffused  through  a  mass  of  gray  matter  may  be  many  separate 
mechanisms,  not  necessarily  more  in  one  part  than  in  another,  and  if  we  call 
them  "centres"  we  must  not  allow  mathematical  conceptions  to  govern 
our  physiological  ideas. 

The  tendency,  often  seen,  for  the  other  hand  to  be  affected,  affords  addi- 
tional evidence  that  the  disease  is  essentially  central.  Many  facts  show  that 
there  is  a  close  functional  connection  between  the  similar  mechanisms  on  the 
two  sides.  Thus,  as  already  mentioned,  a  patient,  when  he  tried  to  write 
with  his  left  hand,  found  his  right  fingers  performing  slow  movements  of 
flexion  and  extension.  On  any  theory,  it  is  difficult  to  say  why  the  second 
side  should  suffer  in  some  cases  and  not  in  others. 

One  other  symptom  remains  to  be  discussed — the  neuralgic  pain,  which 
gives  to  some  cases  a  special  character.  The  act  of  writing  involves  afferent 
impulses,  and  sensory  impressions,  unnoticed  till  they  become  increased  in 
fatigue.  When  cramp  occurs,  these  become  excessive.  All  increased  sensa- 
tion means  increased  action  of  the  sensory  centres,  and  this  once  established 
may  assume  a  morbid  independence,  as  in  many  cases  of  ordinary  neuralgia 
(q.  v.),  and,  as  also  in  neuralgia,  nerve  tenderness  maybe  secondarily  devel- 
oped. There  is  no  justification  for  regarding  these  tender  points  as  evi- 
dence of  neuritis,  for  even  in  such  a  case  as  that  recorded  on  p.  1068  the 
symptoms  are  merely  such  as  are  met  with  in  many  cases  of  neuralgia  of  pri- 
marily central  origin.  This  case  is  especially  instructive  as  showing  how  the 
pain,  i.  e.  the  morbid  action  of  the  sensory  centre,  became  gradually  devel- 
oped from  the  increased  afferent  impressions  caused  by  the  spasm.  The  pain 
started  from  the  points  at  which  the  nerves  of  the  skin  were  unduly  stimu- 
lated by  too  firm  a  grasp  of  the  pen.  It  is  scarcely  necessary  to  point  out 
that  the  same  predisposing  influences  which  facilitate  the  occurrence  of  that 
state  of  motor  centres  which  shows  itself  in  spasm,  may  also  conduce  to 
the  development  of  a  like  state  in  a  sensory  centre,  felt  as  pain. 
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There  is,  at  present,  no  direct  evidence  as  to  the  part  of  the  nervous  sys- 
tem in  which  the  primary  derangement  occurs.  That  the  action  of  the 
motor  and  sensory  nerve  cells  of  the  spinal  cord  must  be  disordered  is  cer- 
tain, since  it  is  through  them  that  spasm  is  produced  and  pain  perceived. 
But  we  do  not  know  whether  their  derangement  is  primary  or  whether  it  is 
simply  the  effect  of  a  primary  disorder  in  those  cerebral  centres  in  which  the 
movements  are  arranged.  The  latter  is  the  more  probable,  and  the  central 
region  of  the  cortex  is  that  to  which  we  should  naturally  turn  as  the  seat  of 
the  primary  derangement,  since  it  is  from  this  part  of  the  brain  that  the 
spinal  cells  are  directly  excited.  Analogy  suggests  that  the  sensory  dis- 
turbance is  spinal  in  a  larger  degree  than  are  the  motor  symptoms. 

Diagnosis. — A  well-marked  case  of  writers'  neurosis  is  rarely  mistaken  for 
any  other  affection.  The  initial  limitation  of  the  symptoms,  whether  spasm 
or  pain,  to  the  act  of  writing,  sufficiently  indicates  the  nature  of  the  case. 
But  the  converse  error  is  often  made  ;  cases  are  supposed  to  be  examples  of 
writers'  cramp  which  are  of  a  different  nature.  Many  paralytic  and  painful 
affections  of  the  hand  are  first  discovered  by  the  interference  they  cause  with 
the  action  of  writing,  the  most  delicate  action  that  the  hand  is  called  on  to 
perform,  and  they  are  supposed  to  be  specially  connected  with  the  act,  when 
this  merely  first  reveals  their  existence.  I  have  many  times  known  hemi- 
plegia of  gradual  onset  to  be  at  first  mistaken  for  writers'  cramp,  and  in  one 
case  of  commencing  insular  sclerosis  a  similar  error  was  made.  I  have  even 
known  paralysis  of  the  musculo-spiral  nerve  to  be  ascribed  to  writing  because 
its  onset  (in  the  night)  was  unnoticed  until  the  patient  attempted  to  write. 
It  is  needless  to  enumerate  the  various  affections  that  may  be  thus  confused, 
because  the  simple  rule  above  given  suffices  for  their  distinction — from  the 
first,  the  symptoms  are  not  limited  to  the  act  of  writing.  In  the  case  of 
insular  sclerosis,  for  instance,  the  attempt  to  write  at  once  brought  on  clonic 
spasm  in  the  hand,  but  every  other  movement  did  so  likewise.  The  tremu- 
lous form  may  be  mistaken  for  commencing  paralysis  agitans,  but,  at  the 
onset,  the  tremor  is  confined  to  writing  in  the  former  case,  while  in  the  latter 
it  accompanies  all  movements,  and  usually  exists,  also,  when  the  hand  is  at 
rest. 

Writers'  cramp  is  a  disease  that  is  readily  imagined.  Most  persons  who 
have  to  write  much  experience  at  times  some  discomfort  in  the  hand  after 
writing,  and  since  such  discomfort  is  one  of  the  symptoms  of  writers'  cramp, 
they  are  apt  to  fancy  that  they  are  the  subjects  of  the  disease.  The  most 
important  diagnostic  indication  is  the  occurrence  of  actual  spasm,  since  this 
is  seldom  absent,  even  in  the  early  stage.  In  the  cases  in  which  sensory 
symptoms  are  ultimately  most  prominent  they  seldom  exist  alone.  If  they 
are  isolated,  the  diagnosis  rests  on  the  initial  relation  to  one  action.  In 
most  cases  of  the  fancied  disease,  when  the  patients  are  reassured,  the  discom- 
fort quickly  ceases  to  be  noticed. 

Prognosis. — The  disease,  when  well  developed,  is  one  in  which  the  prog- 
nosis is  always  uncertain,  and  often  unfavorable.  When  the  affection  occurs  in 
a  person  whose  daily  bread  depends  on  the  act  of  writing,  the  early  warnings 
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are  neglected,  either  through  ignorance  or  the  stern  compulsion  of  neces- 
sity, until  the  morbid  action  of  the  centre  has  become  fixed  by  nutritional 
alterations  almost  as  ineradicable  as  those  that  render  permanent  the  results 
of  its  early  education.  The  prognosis  is  especially  unfavorable  if  the  disease 
has  lasted  for  some  time,  and  has  reached  a  considerable  degree,  before  the 
patient  comes  under  treatment;  if  perfect  rest  from  writing  cannot  be 
secured ;  and,  also,  if  no  other  cause  than  the  act  of  writing  can  be  traced. 
It  is  better,  if  any  extraneous  and  removable  cause  cooperates,  such  as  de- 
fective general  health,  anxiety,  and  especially  if  local  causes,  such  as  injury, 
have  distinctly  aided  in  the  development  of  the  morbid  state.  Even,  how- 
ever, under  the  most  unfavorable  conditions  recovery  sometimes  occurs. 
The  writing  shown  in  Fig.  325  was  that  of  a  clerk,  aged  thirty-four,  in  whom 
no  cause  could  be  traced  but  excessive  writing.  He  had  averaged  ten  hours 
a  day  for  twenty  years,  and  the  affection  had  lasted  for  twelve  months  before 
he  came  under  treatment,  and  yet,  as  already  mentioned  (p.  1069),  recovery 
has  been  perfect.  The  prognosis  in  cases  in  which  the  sensory  trouble  pre- 
dominates, is  good  if  the  patient  can  take  a  long  and  perfect  rest,  but  unless 
this  can  be  secured,  the  neuralgic  pain,  at  first  produced  only  by  the  act  of 
writing,  is  likely  to  extend  and  become  spontaneous.  The  probability  that 
the  other  hand  will  be  affected  is  greater  in  these  cases  than  in  those  of  purely 
motor  spasm. 

Treatment. — Writers'  cramp  is  a  troublesome  and  difficult  disease  to 
treat,  and  the  question  of  its  prevention  is  therefore  of  corresponding 
importance.  The  disease  might  probably  be  prevented  to  a  very  large 
extent,  if  not  entirely.  We  have  seen  that  it  occurs  almost  exclusively 
among  those  who  write  in  a  cramped  manner,  in  the  first  or  second  of  the 
the  styles  mentioned  on  p.  1062,  scarcely  ever,  and  only  in  slight  degree, 
in  those  who  write  in  the  third,  and  never  in  those  who  write  in  the 
fourth.  If  all  persons  wrote  from  the  shoulder,  writers'  cramp  would 
practically  cease.  But  the  mode  of  writing  is  a  matter  of  education, 
and  prevention  of  the  disease  rests,  therefore,  not  with  doctors,  but 
with  teachers.  It  is  probably  impossible  to  teach  writing  in  the  first 
instance  in  a  free  manner,  but  before  a  boy  is  allowed  to  pass  from  school, 
he  should  be  got  out  of  the  cramped,  and  taught  the  free  method — taught, 
that  is,  to  write  from  the  shoulder.  It  is  also  desirable  that  those  who 
experience  any  difficulty  or  discomfort  in  writing  should  at  once  change 
their  style  for  the  freer  mode.  To  make  a  person  realize  the  characteristics 
of  the  free  method,  I  have  found  the  following  expedient  useful.  Let  him 
first  draw  a  line  across  a  sheet  of  paper ;  for  this,  the  arm  must  be  moved  as 
a  whole  from  the  shoulder.  Then  let  him  make  the  line  wavy,  next  increase 
the  wavy  character,  and  then  slightly  slope  the  waves,  so  as  at  last  to  make 
the  line  a  series  of  m's — mmmmmm.  These  are  letters,  and  the  transition 
to  other  letters  will  then  be  easy.  As  I  have  already  said,  the  object  to  be 
aimed  at  is  to  write  in  such  a  manner  that  it  shall  be  easy  to  form  an  entire 
line  of  words  without  once  lifting  the  pen  from  the  paper.  The  hand 
67 
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should  grasp  the  pen  lightly,  and  move  it  as  a  whole.  The  comfort  and  ease 
experienced  when  this  method  is  acquired  is  very  remarkable. 

For  the  affection  itself,  treatment,  to  be  effective,  should  be  early.  The 
commencing  symptoms  often  pass  away  with  a  brief  rest ;  a  month's  absti- 
nence from  writing  at  the  onset  will  do  more  than  a  year's  rest  if  the  disease 
has  continued  for  six  months.  When  writing  is  resumed  in  such  a  case,  it 
is  important  that  its  style  should  be  changed  as  just  described.  The 
amount  of  writing  should,  if  possible,  also  be  reduced.  It  is  desirable 
that  a  soft  quill  should  be  substituted  for  a  steel  pen,  and  that  a  holder 
should  be  employed  that  is  of  good  size  and  not  smooth  on  the  surface.* 
Slight  symptoms  of  cramp  often  pass  away  at  once  when  this  change  is 
made. 

In  cases  in  which  the  disease  has  become  established,  rest  is  still  incom- 
parably the  most  important  element  in  treatment.  If  writing  is  continued, 
every  method  of  treatment  fails  even  to  check  the  progress  of  the  disease. 
The  various  mechanical  devices  which,  for  a  time,  aid  handwriting  are  not 
to  be  recommended,  since  they  only  stave  off  the  impending  disability, 
while  the  malady  is  really  getting  worse,  and  they  thus  increase  the  difficulty 
of  treatment.  If,  however,  prolonged  and  complete  rest  from  writing  is 
impossible,  the  patient  should  learn  to  write  with  the  left  hand.  Facility  in 
sinistral  writing  is  acquired  with  a  little  perseverance,  more  readily  if  the 
letters  are  made  upright,  or  if  the  customary  inclination  is  reversed.  In 
this  way  complete  rest  may  be  given  to  the  affected  hand.  It  is  true  the  left 
hand  may,  after  a  time,  suffer  in  the  same  way,  but  the  tendency  to  this  has 
been  exaggerated  by  some  writers.  If  it  does,  the  patient  is  no  worse  off 
than  if  he  had  not  learned  to  write  with  the  left  hand,  while  if  it  does  not, 
he  may  be  able  to  continue  to  earn  his  living,  and  may  afford  his  right  hand 
a  fair  chance  of  recovery.  The  Government  clerk  mentioned  on  p.  1061, 
fulfilled  the  duties  of  his  office  for  twelve  years  with  his  left  hand,  and, 
although  the  cramp  continued  in  the  right,  the  left  showed  no  indication  of 
the  disease,  and  at  the  end  of  the  twelve  years  he  was  able  to  retire  on  a 
pension.  Besides  the  case  illustrated  in  Fig.  325,  I  have  met  with  several 
others  in  which  practical  recovery  occurred  during  the  use  of  the  left  hand. 

For  many  persons  the  use  of  a  type-writer  offers  the  means  of  abstaining 
from  all  the  use  of  the  hand  that  has  brought  on  the  disease.  The  depres- 
sion of  the  keys  of  a  good  type- writer  resembles  the  movement  of  the 
fingers  in  playing  on  the  piano,  but  is  less  fatiguing,  and  most  sufferers  from 
writers'  cramp  are  able  to  use  such  an  instrument,  even  with  the  affected  hand, 
without  any  unpleasant  symptoms,  while  the  facility  with  which  some  instru- 
ments can  be  worked  with  the  left  hand  enables  the  right  hand,  if  necessary, 
to  have  absolute  rest.     Unfortunately,  a  type-writer  cannot  often  be  available 

*  Quills  are  too  small  and  too  smooth  to  be  held  with  facility ;  a  quill  nib  should  be  used 
in  a  holder.  The  best  steel  pens  are  those  with  turned-up  points.  A  good  holder  is  one 
that  is  larger  than  the  average  size,  and  is  covered  with  soft  india  rubber  for  about  two  inches, 
where  the  pen  is  held.  Large  cork  holders  are  also  good.  The  best  small  holder  is  one 
made  by  Brandauer,  of  Birmingham,  in  which  the  metal  part  is  roughened. 
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for  the  work  of  the  ordinary  clerk,  who  is  so  frequently  a  sufferer.  For 
most  others  it  offers  a  great  advantage ;  in  those  who  surfer  from  the  neural- 
gic form,  however,  the  pain  is  often  excited  by  any  movement  of  the  arm, 
and  they  may  then  be  unable  to  use  a  type-writer.* 

When  impaired  nutrition  of  the  nervous  system  cooperates  as  a  cause  of 
writers'  cramp,  nervine  tonics,  especially  small  doses  of  strychnia,  increase  a 
tendency  to  recovery,  and  in  all  cases  may  be  given  as  having  an  influence 
in  the  right  direction.  Sedatives  internally,  as.  a  rule,  effect  little  in  cases 
of  pure  cramp,  although  hypodermic  injections  of  atropine  (one-sixtieth  of 
a  grain  three  times  a  week)  have  been  strongly  recommended  by  Vance. 
In  the  neuralgic  form  sedatives  internally  and  locally  are  certainly  of  service. 
Indian  hemp  by  the  mouth,  morphia  beneath  the  skin,  or  inunctions  of 
extract  of  belladonna  and  glycerine,  or  aconite  ointment,  are  the  most  use- 
ful. Probably  cocain  would  also  be  useful  in  some  cases.  When  tenderness 
of  the  nerves  exists,  counter-irritation  by  blisters  over  the  tender  points 
often  does  considerable  good. 

Electricity  has  been  extensively  used,  and  strongly  recommended,  in  the 
treatment  of  writers'  cramp.  Faradaism  is  of  no  value  when  there  is  spasm, 
although  it  seems  to  have  been  useful  occasionally  in  the  rare  cases  of  the 
paralytic  form  (Duchenne).  In  the  neuralgic  variety  it  is  harmful,  while 
voltaic  electricity  sometimes  gives  marked  relief,  as  in  other  forms  of  neural- 
gia. In  the  spasmodic  form  Erb  recommends  the  passage  of  the  voltaic 
current  up  and  down  the  cervical  spine,  and  from  the  spine  to  the  muscles. 
Poore  advises  the  combination  of  the  latter  method  with  gymnastic  move- 
ments of  the  hand,  and  has  observed  great  improvement  in  some  cases  from 
this  treatment. f  My  own  experience  has  led  me  to  assign  a  low  position  to 
electricity  in  the  treatment  of  the  spasmodic  form)  although  I  have  given  it 
a  thorough  trial  in  many  cases.     Certainly,  if  the  patient  goes  on  writing, 


*  I  have  given  some  attention  to  the  relative  characteristics  of  the  various  forms  of  type- 
writer in  regard  to  their  usefulness  in  cases  of  disease.  They  may  be  divided  into  two 
classes,  the  high-priced  key  machines,  which  cost  twenty  guineas,  and  the  lower  priced 
machines,  of  different  construction,  that  cost  five  guineas.  The  key  machines  are  the  well- 
known  "  Remington,"  the  "  Calhgraph,"  and  the  "  Hammond."  The  two  first  are  similar 
in  construction,  but  the  "  Calligraph"  is  distinctly  the  better  for  medical  purposes,  because 
there  is  a  separate  key  for  each  sign,  whereas  in  the  "  Remington,"  the  use  of  "  controlling 
keys "  is  necessary  in  the  case  of  figures  and  capitals,  which  diminishes  the  convenience 
and  speed  with  which  the  instrument  can  be  worked  with  one  hand.  The  same  characteris- 
tic lessens  the  suitability  of  the  "  Hammond,"  and  in  it,  moreover,  the  arrangement  of  the 
keys  over  a  very  wide  space,  and  the  greater  force  needed  to  depress  them,  make  it  less  suit- 
able for  cases  of  disease.  The  cheaper  machines-  are  the  "  Hall,"  and  the  "  Columbia." 
Each  can  be  worked  with  either  hand,  but  the  speed  attainable  is  not  half  that  of  the  key 
machines.  The  "  Hall "  is  easy  to  use,  but  does  not  turn  out  very  satisfactory  work.  The 
"  Columbia  "  is  certainly  the  best  of  the  cheaper  machines,  but  at  first  it  fatigues  the  fingers. 
The  fatigue  soon  ceases  to  be  felt,  and  it  can  be  worked  with  various  muscular  actions  of  the 
fingers  or  wrist,  but  it  is  scarcely  suitable  for  a  case  in  which  the  tendency  to  pain  is  con- 
siderable, or  in  which  there  is  a  tendency  to  spasm  in  the  left  hand. 

f  "  Handbook  of  Electricity." 
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it  has  not  the  slightest  influence  on  the  disease.  With  rest  from  writing, 
there  is,  in  many  cases,  a  tendency  to  recovery  which  has  not  appeared  to 
me  to  be  expedited  by  galvanism.  Gymnastic  exercises  are  often  distinctly 
useful,  regular  flexion  and  extension  movements  of  the  fingers  and  hand, 
for  which  with  advantage  a  "dumb  piano"  maybe  used.  Rubbing,  and 
the  combination  of  rubbing  and  kneading  that  is  called  massage,  often  gives 
considerable  relief  to  discomfort,  and  sometimes  lessens  the  tendency  to 
spasm.  It  has  been  recently  made  the  subject  of  public  attention,  and  has 
been  said  to  give  remarkable  results,  but  it  is  probable  that  some  of  these 
were  obtained  in  cases  of  the  imaginary  disorder.  While  there  is  no  doubt 
that  the  treatment  often  lessens  discomfort,  in  the  cases  of  undoubted 
writers'  cramp  that  I  have  known  to  be  treated  in  this  manner  the  symptoms 
have  not  been  appreciably  influenced. 

Among  other  means  of  treatment  which  has  been  recommended  is 
tenotomy  (Stromeyer).  In  one  case  (Truppert)  no  less  than  fifty  tendons 
were  successfully  divided,  and  it  is  said  that  the  patient  at  the  end  of  the 
treatment  was  slightly  improved.  I  have  found  no  good  result  from  render- 
ing the  arm  for  a  time  immobile  by  a  plaster-of-Paris  bandage. 

OTHER  OCCUPATION  NEUROSES. 

The  general  considerations  regarding  the  pathology,  causation  and  treat- 
ment of  writers'  cramp,  are  applicable,  mutatis  mutandis,  to  all  the  other 
forms  of  occupation  neurosis.  In  each,  pain  and  spasm  may  be  variously 
combined,  and  are  at  first  related  solely  to  the  special  act. 

Pianoforte  players'  Cramp  occurs  chiefly  among  professionals,  and  more 
frequently  among  women  than  among  men.  Both  the  spasmodic  and  neural- 
gic varieties  are  met  with.  In  the  former  a  finger  or  the  thumb  does  not 
move  with  the  necessary  precision,  and  may  remain  extended  for  a  few 
seconds  instead  of  striking  the  required  note.  In  the  neuralgic  form,  pain 
comes  on  after  playing  for  a  short  time,  and  compels  the  sufferer  to  desist. 
Sometimes  the  pain  extends  up  the  arm.  Erb  has  several  times  met  with 
pain  between  the  scapula  and  the  spine.  I  have  seen  one  case  in  which  the 
pain  was  symmetrical  in  the  outer  border  of  each  hand,  sometimes  extending 
down  the  little  finger,  but  never  accompanied  by  cramp,  although  the 
patient  was  liable  to  the  nocturnal  cramp  in  the  hands  described  at  p.  1054. 

Violin  players  are  liable  to  a  similar  affection  in  either  hand,  that  which 
fingers  the  strings  or  that  which  moves  the  bow,  and  occasionally  in  both. 

Seamstresses'  Cramp. — The  act  of  sewing  frequently  leads  to  a  similar 
affection  in  seamstresses  and  tailors,*  usually  characterized  by  rigidity  and 

*  The  disease  known  as  tetany  was  in  Germany  mistaken  for  an  occupation  neurosis  of 
tailors  and  cobblers,  and  called  "  Schusterkrampf."  It  seems  to  be  rather  more  frequent  in 
Germany  among  these  workers,  although  the  reason  is  not  clear,  since  it  is  very  different,  in 
the  bilateral  distribution  and  spontaneous  onset  of  the  spasm,  from  any  occupation  neurosis. 
A  case  which  is  clearly  one  of  tetany  is  described  by  Romberg  in  his  account  of  writers' 
cramp ;  every  attempt  to  write  brought  on  the  bilateral  spasm,  but  attacks  also  occurred 
apart  from  movement.     The  patient  was  a  boy,  eight  years  old. 
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cramped  flexion  of  the  fingers  of  the  right  hand,  often  greatest  in  the 
thimble  finger.  Tingling  in  the  fingers  may  accompany  it,  and  may  cease 
as  soon  as  the  attempt  to  sew  is  relinquished.  I  have  met  with  the  same 
trouble  in  a  sailmaker.  In  this  occupation  the  needle  is  held  between  the 
finger  and  thumb,  and  is  pressed  through  the  canvas  by  a  metal  plate  fixed 
on  the  ball  of  the  thumb.  The  spasm  in  the  fingers  caused  the  needle  to 
slip  off  the  plate,  and  the  attempt  to  work  occasioned  pain  in  the  fingers, 
and  in  the  metacarpo-phalangeal  joints. 

Telegraphists'  cramp  (first  described  by  Onimus)  affects  exclusively  those 
who  use  the  Morse  machine,  which  is  worked  by  pressing  down  a  stop  with 
the  finger,  so  as  to  make  a  dot  or  a  dash  according  to  the  duration  of  the 
pressure.  The  pressure  has  to  be  repeated  for  each  sign,  and  telegraphists 
have  often  to  send  50,000  separate  signs  a  day.  Spasm  is  set  up,  which 
causes  the  pressure  to  be  too  long  maintained,  and  hence  dots  become  trans- 
formed to  dashes.  One  patient  managed  to  go  on  for  two  years  by  substituting 
his  thumb  for  the  finger,  and  then  this  became  unmanageable  ;  afterward  he 
used  the  middle  finger  and  then  the  closed  fist,  but  the  spasm  followed,  and 
he  had  to  give  up  his  occupation.  The  neuralgic  variety  is  sometimes  met 
with,  and  I  have  seen  one  case  in  which  the  pain,  for  six  months  excited 
only  by  the  special  work,  afterward  occurred  on  other  movements.  After 
six  months'  rest  the  patient  resumed  work  as  a  writing  clerk,  and  wrote  in 
comfort  for  two  months.  Then  the  pain  returned  in  connection  with  writ- 
ing, rapidly  increased,  and  became  independent  of  muscular  action  and 
spontaneous. 

Smiths  are  also,  although  rarely,  liable  to  cramp.  In  one  case,  an  arti- 
san who  was  accustomed  to  work  metal  with  a  hammer  and  chisel,  found 
that  his  left  hand,  grasping  the  chisel,  gradually  passed  into  a  state  of  trem- 
ulous cramp,  and  became  supinated  in  spite  of  his  effort  to  prevent  it. 
The  spasm  was  worst  when  the  elbow  was  flexed,  and  for  a  time  he  was  able 
to  work  with  the  elbow  extended,  but  at  last  he  had  to  relinquish  his  occu- 
pation. In  another  case,  a  metal-chaser,  who  worked  with  a  four-pound 
hammer,  found  that,  after  using  it  for  about  an  hour,  clonic  spasm  came  on 
in  the  biceps,  and  interfered  with  his  work.* 

Among  other  occupations  which  have  been  known  to  lead  to  the  develop- 
ment of  cramp  and  have  given  names  to  special  varieties,  are  those  of 
painters,  harpists,  artificial  flower  makers,  turners,  watchmakers,  knitters,, 
engravers  (in  using  the  burin,  Hammond),  masons  (in  using  the  trowel), 
compositors,  enamellers,  cigarette  makers,  shoemakers,  milkers,  money 
counters  (Beard),  and  zither  players. 


*  Some  cases  of  hemiplegia  among  Sheffield  smiths  were  described  by  the  late  Dr.  Frank- 
Smith  as  due  to  the  use  of  the  hammer,  and  termed  by  him  "  hephsestic  hemiplegia"  {Lancet, 
i86g,  i,  p.  427).  But  it  is  quite  certain  that  most  of  the  cases  he  records  were  merely  cases  of 
organic  disease  of  the  left  hemisphere  occurring  in  smiths,  and  it  is  doubtful  whether  any 
one  of  his  cases  have  any  real  relation  to  the  use  of  the  hammer.  "  Hephsestic  hemiplegia  " 
is  probably  a  purely  fictitious  disease. 
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In  rare  cases  two  actions  are  simultaneously  and  equally  affected — writing 
and  some  other.  The  most  common  combination  is  writing  and  piano 
playing  in  ardent  amateur  musicians ;  occasionally  writing  and  sewing  are 
both  equally  deranged. 

EPILEPSY. 
The  term  "  epilepsy  "  is  applied  to  a  disease  in  which  there  are  convul- 
sions of  a  certain  type,  or  sudden  loss  or  impairment  of  consciousness,  but 
in  which  the  convulsions  are  not  directly  due  to  active  organic  brain  disease, 
to  reflex  irritation,  or  to  abnormal  blood  states,  and  in  which  the  loss  of 
consciousness  is  not  due  to   primary  failure  of  the  heart's  action.     In  most 
cases  the  change  in  the  brain  that  causes  the  convulsions  is  not  visible  to  the 
naked  eye,  and  hence  the  condition  is  often  termed  "  idiopathic  epilepsy." 
There  are  cases,  however,  in  which  similar  convulsions  occur  as  the^result  of 
old  brain  disease,  such  as  a  spot  of  softening  which  has  long  ceased  to  cause 
active  irritation.     These  cases  may  resemble  epilepsy  in  their  course,  and 
sometimes  in  their  symptoms,  but  they  commonly  succeed  a  distinct  attack 
of  hemiplegia.     Hence  they  are  often  termed  "  post-hemiplegic  epilepsy," 
and  are  described  in  a  separate  section. 

The  convulsions  in  epilepsy  may  consist  of  tonic  or  of  clonic  spasm,  or, 
commonly,  of  both,  but  the  attitude  of  movement  which  results  always 
differs  from  that  which  occurs  in  voluntary  movement.  On  the  other  hand, 
in  the  convulsions  of  hysteria,  the  muscular  spasm  is  so  arranged  as  to 
resemble  that  which  may  result  from  a  voluntary  action. 

Etiology. — After  one  attack  of  epilepsy,  others  usually  occur  without  any 
immediate  discoverable  cause.  Each  fit  apparently  leaves  a  change  in  the 
nerve  centres,  facilitating  the  occurrence  of  other  fits.  The  immediate  or 
exciting  cause  of  the  disease  must  be  sought,  therefore,  in  the  cause  of  the 
first  fit.  But  when  such  a  cause  can  be  discovered,  it  is  usually  manifestly 
inadequate  to  produce  a  convulsion  by  itself,  and  can  only  be  effective  in 
consequence  of  a  powerful  predisposition.  The  remote  influences  to  which 
the  disease  is  due  are,  therefore,  its  chief  causes.  The  excitant  is  no  more  than 
the  spark  which  causes  a  conflagration,  rendered  possible  only  by  the  chem- 
ical constitution  of  the  materials  ignited. 

Remote  Causes. — Sex. — 'Females  suffer  from  epilepsy  rather  more  fre- 
quently than  males,  in  the  proportion  of  about  six  to  five.*  An  inherited 
tendency  (indicated  by  the  presence  in  ancestors  or  collateral  relations  of 
epilepsy  itself,  or  of  insanity)  is  traceable  in  rather  more  than  a  third  of  the 
cases  (35  per  cent.),  and  rather  less  frequently  in  males  than  in  females  (33 
per  cent,  males,  37  per  cent,  females).  There  is  a  family  history  of  epilepsy 
in  two-thirds  of  the  inherited  cases ;  of  insanity  in  one-third ;  of  both  in  a 
tenth.  When  there  is  an  inherited  tendency,  the  females  of  a  family  are 
rather  more  likely  to  suffer  than  the  males.     This  is  due  to  two  circum- 

*  These  statements  are  based  on  1450  cases,  the  detailed  analysis  of  which  is  given  in  a 
separate  work  ("Epilepsy  and  other  Chronic  Convulsive  Diseases,"  London,  1881). 
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stances ;  the  inheritance  is  rather  more  frequently  from  the  mother's  side 
than  from  the  father's,  and  more  females  suffer  when  the  heredity  is  mater- 
nal, more  males  when  it  is  paternal.  The  inheritance  is  less  frequently  from 
the  mother  personally  than  from  the  father,  but  this  is  due  to  the  fact  that 
insanity  is  much  less  common  in  the  mother  than  in  the  father ;  epilepsy  is 
equally  common  in  the  two.  Occasionally  many  members  of  a  family 
suffer ;  in  one  instance  no  less  than  fourteen  were  epileptic,  the  cases  being 
distributed  through  four  generations.  It  is  very  doubtful  whether  any 
inherited  morbid  state,  outside  the  nervous  system,  predisposes  to  epilepsy. 
A  proclivity  to  phthisis  has  been  thought  to  do  so,  but  the  evidence  of  sta- 
tistics shows  that  this  is  an  erroneous  inference,  due  merely  to  the  great  fre- 
quency of  consumption  in  the  community.  Idiopathic  epilepsy,  however, 
sometimes  occurs  in  the  subjects  of  inherited  syphilis,  without  other  cause 
being  traceable. 

Age. — Three-quarters  of  the  cases  of  epilepsy  begin  under  twenty  years, 
and  nearly  half  (46  per  cent.)  between  ten  and  twenty,  the  maximum  being 
at  fourteen,  fifteen  and  sixteen.  One-eighth  of  all  cases  commence  during 
the  first  three  years  of  life.  After  twenty,  the  annual  number  gradually 
falls,  but  cases  commence  even  in  old  age  (over  seventy).  In  the  cases 
which  commence  under  thirty,  females  exceed  males,  in  the  first  ten  years 
by  6  per  cent.,  in  the  second  by  18,  and  in  the  third  by  12.  After  thirty 
the  relation  is  reversed,  and  the  excess  of  males  gradually  increases,  until 
after  sixty  the  malady  practically  begins  in  males  only.  It  has  been 
said  that  heredity  can  be  traced  only  in  the  cases  which  commence  under 
twenty  years,  but  this  is  altogether  erroneous.  Most  cases  of  hereditary  epi- 
lepsy begin  before  twenty,  chiefly  because  most  cases  of  all  kinds  commence 
in  triis  period ;  the  proportion  borne  by  the  inherited  to  the  non-inherited 
cases  is  considerable  throughout  life.  In  the  first  twenty  years  of  life  it  is 
nearly  38  per  cent.,  in  .the  second  34  per  cent.,  and  in  the  cases  which  com- 
mence after  forty  it  is  26  per  cent.  I  have  known  inherited  epilepsy  to 
commence  at  sixty-five  and  seventy-one. 

Immediate  Causes. — We  must  regard,  as  the  exciting  cause  of  epilepsy, 
that  to  which  the  first  fit  was  apparently  due ;  and  its  influence,  as  already 
stated,  is  no  doubt  incomparably  smaller  than  that  of  the  predisposition  due 
to  conditions  involved  in  age  and  heredity.  The  statements  of  patients 
regarding  exciting  causes  have  to  be  received  with  caution.  Excluding  the 
cases  in  which  the  relation  of  the  supposed  excitant  was  doubtful,  and 
excluding,  also,  the  cases  originating  in  infantile  "dentition  convulsions," 
some  exciting  cause  can  be  traced  in  only  37  per  cent,  of  the  cases.  In 
males  it  is  met  with  more  frequently  than  in  females,  and  the  difference 
between  the  sexes  in  this  respect  is  least  in  childhood,  and  is  greatest  in  the 
second  decade  and  in  the  decline  of  life.  In  women  between  ten  and  forty, 
exciting  causes  are  relatively  infrequent. 

Of  the  cases  that  commence  in  infancy,  at  least  three-quarters  date  from 
infantile  convulsions,  ascribed  to  teething.  Such  convulsions  are  known  to 
be  the  result,  in  most  instances,  of  the  condition  of  defective  development 
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ermed  rickets.  Whether  this  condition  is  entirely  preventable  or  not,  it 
rould  certainly  not  attain  the  degree  in  which  it  causes  convulsions,  if 
hildren  were  properly  fed,  and  thus  a  considerable  number  of  cases  of  epi- 
epsy  might,  without  doubt,  be  prevented. 

Mental  emotion,  fright,  excitement,  anxiety,  is  the  most  potent  exciting 
ause  of  epilepsy.  The  most  frequent  form  is  fright,  which  is  powerful 
hiefly  in  childhood,  and  at  the  transition  to  adult  life,  while  it  is  very  rare 
fter  middle  life.  As  might  be  anticipated,  in  childhood  it  is  equally  effective 
n  each  sex,  at  puberty  it  is  most  effective  in  females,  and  after  twenty  it  is 
eldom  traceable  in  men,  but  is  still  a  relatively  frequent  cause  in  women. 
The  profoundly  disturbing  effect  of  alarm  on  the  nervous  system,  deranging, 
s  it  does,  almost  every  function,  enables  us  to  understand  its  frequency  as 
.n  excitant  of  epilepsy.  There  is  usually  an  interval  between  the  fright  and 
he  first  fit.  Fright  excites  hysteroid  as  well  as  epileptic  fits,  and  in  most 
if  the  cases  in  which  a  person  is  immediately  "frightened  into  a  fit,"  the 
ttacks  are  hysteroid.  The  longer  the  interval,  the  larger  is  the  proportion 
if  cases  in  which  the  attacks  are  distinctly  epileptic.  Other  forms  of  mental 
ixcitement  occasionally  excite  the  first  fit,  and  most  commonly  at  the  period 
if  life,  and  in  the  sex,  in  which  fright  is  chiefly  influential,  but  one  emo- 
ional  cause,  prolonged  mental  anxiety,  is  effective  chiefly  in  men,  and  late 
n  life. 

Blows  and  falls  on  the  head,  which  cause  no  symptoms  of  coarse  cerebral 
njury,  are  sometimes  followed  by  recurring  convulsions  having  all  the 
:haracters  of  idiopathic  epilepsy.  Such  cases  are  met  with  at  all  ages, 
n  childhood  equally  in  the  two  sexes ;  but  in  adult  life  most  frequently  in 
nales,  doubtless  from  the  risks  of  occupation.  Exposure  to  the  heat  of  the 
un  is  frequently  assigned  as  the  cause  of  the  first  fit,  but  often  merely 
lecause  the  fit  occurred  in  summer  sunshine,  and  without  adequate  evidence 
hat  the  attack  was  thus  caused.  In  some  cases,  chiefly  males,  its  influence 
s  probable,  especially  when  the  fits  follow  other  distinct  symptoms  of  sun- 
troke. 

Acute  disease  is  an  occasional  cause  of  idiopathic  epilepsy,  but  the  cases 
.scribed  to  this  influence  need  careful  scrutiny,  because  "  post-hemiplegic 
pilepsy"  often  results  from  a  sudden  lesion  of  the  brain  during  an  acute 
pecific  disease,  probably  thrombosis  in  a  surface  vein,  or  of  embolism  con- 
equent  on  endocarditis  (see  p.  840).  Excluding  such  cases,  epilepsy  is  a 
equel  especially  to  scarlet  fever,  measles  and  typhoid  fever,  in  that  order  of 
requency,  and  more  cases  are  consecutive  to  scarlet  fever  (apart  from  the 
nfluence  of  nephritis)  than  to  all  the  other  acute  diseases  put  together. 
This,  together  with  the  fact  that  optic  neuritis  may  follow  scarlet  fever, 
without  any  organic  change  in  the  brain  to  cause  it,  seems  to  show  that  the 
carlet-fever  poison  has  a  special  action  on  the  nervous  system. 

Intestinal  worms  are  a  cause  of  reflex  convulsions,  and  these  do  not  always 
ease  when  the  worms  are  expelled.  They  may  continue  as  idiopathic 
pilepsy,  apparently  as  a  result  of  a  change  in  the  nervous  system  consequent 
m  the  primary  convulsions.     Among  other  rare  causes  of  the  first  fit   are 
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severe  digestive  derangement,  asphyxia,  chronic  alcoholism  and  chronic  lead 
poisoning.  In  the  two  latter,  the  convulsions  are  primarily  due  to  the  toxic 
influence,  but  may  persist  when  the  latter  is  lessened  or  removed  by  treat- 
ment. Analogous  convulsions  are  sometimes  met  with  in  chronic  renal 
disease,  apart  from  any  acute  symptoms  of  uraemia. 

Disturbed  or  delayed  menstruation,  at  the  time  of  puberty,  often  coincides 
with  the  onset  of  epilepsy,  but  it  is  very  difficult  to  determine  the  exact 
relationship  between  the  two.  As  a  rule,  when  epilepsy  is  once  set  up,  the 
establishment  of  regular  menstruation  appears  to  exert  no  influence  on  the 
disease.  The  fact  that  so  many  cases  commence  at  the  time  of  puberty  seems 
due  rather  to  the  developmental  changes  in  the  nervous  system  at  this  epoch 
than  to  any  direct  influence  exerted  by  the  organs  of  generation.  No  case 
has  come  under  my  notice  suggesting  that  uterine  or  ovarian  disease  can  be 
regarded  as  a  cause  of  epilepsy.  Occasionally,  the  first  fit  occurs  during 
pregnancy,  or  after  parturition,  without  any  secondary  cause  to  which  it 
could  be  ascribed. 

Masturbation  in  boys  is  undoubtedly  an  occasional  cause,  but  the  attacks 
which  result  from  this  influence  are  more  frequently  hysteroid  than  epileptic, 
or  present  a  hybrid  character,  so  that  it  is  difficult  to  say  in  which  category 
they  are  to  be  placed. 

Syphilis  is  a  frequent  cause  of  chronic  convulsions,  but  these  are  usually 
due  to  organic  disease,  a  meningeal  growth  or  chronic  inflammation. 
Fournier  believes  that  the  syphilitic  poison,  during  the  secondary  period, 
has  a  direct  action  on  the  nervous  system,  and  may  cause  pure  neuroses, 
epilepsy  among  the  number.  Evidence  of  this,  that  will  bear  a  close  scrutiny, 
is  scanty.  Convulsions  may  be  the  only  sign  of  organic  changes,  which 
sometimes  occur  early  in  the  course  of  syphilis.  The  occurrence  of  epilepsy, 
apparently  idiopathic,  in  the  subjects  of  inherited  syphilis,  has  been  already 
mentioned. 

Symptoms. — Epileptic  attacks  are  commonly  divided  into  two  classes, 
"  major,",  or  severe,  and  "minor"  or  slight.  These  two  forms,  although 
clearly  distinguished  in  their  general  characters,  are  not  separated  by  any 
sharp  demarcation.  In  the  major  attacks  {grand  mat)  there  is  loss  of  con- 
sciousness and  severe  muscular  spasm.  In  the  minor  attacks  {petit  ma/)  there 
is  usually  brief  loss  of  consciousness,  often  without  any  muscular  spasm, 
sometimes  with  slight  spasm,  and  very  rarely  there  is  slight  spasm'  or  some 
sudden  sensation  without  loss  of  consciousness.  In  severe  attacks  the  patient, 
if  standing,  falls  to  the  ground  (hence  the  old  English  name,  "  falling  sick- 
ness ;  ")  in  slight  attacks  he  may  or  may  not  fall.  In  very  severe  fits,  muscu- 
lar spasm  and  loss  of  consciousness  are  simultaneous  in  onset,  but  in  less 
severe  fits  the  muscular  spasm  may  commence  before  consciousness  is  lost ; 
the  patient  is  then  aware  of  the  onset.  Still  more  frequently  the  spasm  and 
loss  of  consciousness  are  preceded  by  some  sensation.  The  sensation,  or 
commencing  spasm,  which  informs  the  patient  of  the  oncoming  attack, 
constitutes  the  "  warning  "  or  "  aura  "  of  the  fit. 

Major  Fits. — At  the  onset  of  the  severe  fit  the  spasm  is  tonic  in  character, 
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rigid,  violent,  muscular  contraction  fixing  the  limbs  in  some  strained 
position.  There  is  usually  deviation  of  the  eyes  and  rotation  of  the  head 
toward  one  side,  and  this  rotation  may  involve  the  whole  body,  and  even 
cause  the  patient  to  turn  round,  sometimes  two  or  three  times.  The  features 
are  distorted ;  the  color  of  the  face,  unchanged  at  first,  rapidly  becomes 
pale,  then  flushed,  and  ultimately  livid,  as  the  fixation  of  the  chest  by  the 
spasm  stops  the  movements  of  respiration.  The  eyes  are  open  or  closed ; 
the  conjunctiva  is  insensitive  ;  the  pupils  dilate  widely,  as  cyanosis  comes  on. 
As  the  spasm  continues,  it  commonly  changes  in  its  relative  intensity  in 
different  parts,  causing  slight  changes  in  the  position  of  the  limbs.  When 
the  cyanosis  has  become  intense,  the  fixed  tetanic  contractions  of  the  mus- 
cles can  be  felt  to  be  vibratory,  and  the  vibrations  gradually  increase  until 
they  amount  to  slight  visible  remissions.  As  these  become  deeper,  the 
muscular  contractions  become  more  shock-like  in  character,  and  the  stage 
of  clonic  spasm  is  reached,  in  which  the  limbs,  head,  face  and  trunk  are 
jerked  with  violence.  The  shocks  of  spasm  effect  slight  movements  of  the 
thorax,  so  that  air  is  expelled,  and  saliva  is  frothed  out  between  the  lips. 
The  air  that  enters  the  lungs  is  at  first  insufficient  to  lessen  the  lividity,  and 
the  patient  may  seem  to  be  at  the  point  of  death,  but  as  the  remissions 
become  deeper,  more  air  enters  the  chest,  and  the  lividity  gradually  lessens. 
In  becoming  less  frequent,  the  contractions  do  not  become  less  strong,  and 
the  last  jerk  is  often  as  violent  as  those  which  have  preceded  it.  At  last  the 
spasm  is  at  an  end,  and  the  patient  lies  senseless  and  prostrate,  sleeps  heavily 
for  a  time,  and  then  can  be  roused.  Urine  frequently,  and  faeces  occasionally, 
are  passed  during  the  fit. 

In  some  cases  the  spasm  is  more  deliberate  in  its  onset.  Instead  of  com- 
mencing simultaneously  in  all  the  muscles  of  the  body,  it  begins  in  one 
region,  as  the  face  or  arm,  and  thence  spreads,  first  to  the  limbs  on  the  same 
side,  the  head  and  eyes  being  turned  toward  that  side,  and  then,  lessening 
on  the  side  first  affected,  it  invades  the  limbs  on  the  opposite  side,  with  a 
corresponding  rotation  of  the  head.  Such  attacks  may  commence  with  tonic 
spasm,  or  they  may  commence  by,  and  sometimes  consist  only  of,  clonic 
spasm.  This  form  of  convulsion  is  that  which  (as  we  have  already  seen,  p. 
524)  is  most  common  in  organic  cerebral  disease,  such  as  tumor,  but  it  is 
also  occasionally  met  with  in  idiopathic  epilepsy.  In  such  cases  conscious- 
ness is  often  lost  late,  so  that  the  patient  is  aware  of  the  commencing  spasm. 

Minor  Attacks. — The  slight  attacks  of  epilepsy  maybe  characterized  only 
by  loss  of  consciousness.  The  individual  suddenly  stops  in  his  occupation, 
looks  strange  for  a  moment,  and  then  goes  on  with  what  he  is  doing,  may 
even  finish  a  sentence  that  he  had  commenced,  and  be  aware  of  what  has 
happened  only  by  finding  that  he  has  dropped  something  which  was  in  his 
hands,  or  that  he  is  the  object  of  anxious  observation.  Sometimes  there  is 
pallor  at  the  moment  of  the  attack,  more  frequently  immediately  after  it, 
and  very  commonly  the  face  subsequently  becomes  flushed.  Very  often, 
moreover,  the  slight  seizure  is  heralded  by  some  sensory  warning  or  aura, 
such  as  precedes  the  severe  attacks.     There  may  also  be  slight  visible  spasm, 
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such  as  putting  the  arms  forward  and  bending  the  head  down,  or  there  may- 
be slight  convulsion  in  the  part  in  which  the  spasm  commences  in  the  severe 
attacks,  and,  in  some  cases,  the  minor  attack  may  consist  only  of  such  spasm, 
without  loss  of  consciousness.  After  a  slight  attack  is  over,  the  patient  may 
be  at  once  quite  well.  Often  he  is  stupid  and  dull  for  a  little  time,  and 
sometimes  proceeds  to  perform  some  action"  in  a  dream-like,  automatic  man- 
ner, such  as  undressing  himself,  retaining  afterward  no  recollection  of  what 
he  has  done.  Occasionally  this  stage  is  attended  by  passion  and  violence,  a 
brief  maniacal  condition  constituting  one  form  of  epileptic  mania.  After 
an  attack,  severe,  or  more  frequently  slight,  the  patient  may  pass  into  a  state 
of  actual  hysteroid  convulsion,  and  in  such  cases  the  minor  epileptic  seizure 
may  be  unnoticed,  all  the  obtrusive  phenomena  of  the  attack  being  of  a 
hysteroid  character. 

SYMPTOMS  IN  DETAIL. 

Precursory  symptoms  occasionally  precede  a  fit  for  some  hours  or  days,  and 
indicate  to  the  patient  or  his  friends  that  an  attack  is  impending.  The  most 
frequent  of  these  indications  are  sudden  jerks  of  the  body  or  limbs,  persist- 
ent giddiness,  flashes  of  light  before  the  eyes,  irritability  of  temper,  or  an 
unnatural  degree  of  appetite. 

Mode  of  Onset;  Warning;  Aura. — The  word  aura  (vapor)  originated 
with  the  old  Greek  theory  that  the  fit  began  by  the  ascent  of  a  vapor  up  the 
vessels  of  the  limb.  In  later  times  it  was  thought  that  the  sensation  felt  in 
the  periphery  does  begin  there,  as  a  disturbance  ascending  the  nerves,  and 
the  opinion  was  thought  to  be  confirmed  by  the  fact  that  a  ligature  around 
the  limb  would  arrest  the  ascending  aura.  But  the  fact  (observed  first  in  the 
beginning  of  this  century)  that  the  commencing  fit  may  be  equally  arrested 
when  its  cause  is  a  tumor  of  the  brain,  has  shown  that  the  aura  is  merely  the 
effect  on  consciousness  of  the  commencing  discharge  in  the  brain,  either  a 
direct  effect,  felt  as  a  sensation  and  referred  to  the  periphery,  or  an  indirect 
effect,  due  to  actual  spasm  at  the  periphery.  But  the  fact  that  the  aura  is 
the  result  of  the  commencing  central  process  renders  its  study  of  great 
importance,  since  it  gives  us  information  of  the  functional  region  of  the  brain 
in  which  the  process  of  the  fit  begins. 

Some  form  of  aura  is  met  with,  at  least  occasionally,  in  about  one-half  of 
the  cases  of  epilepsy.  In  the  other  half  the  loss  of  consciousness  always 
occurs  so  early  that  the  patient  is  unaware  of  the  onset  of  the  fit.  We  may 
provisionally  group  the  various  aura?  into  certain  classes,  for  convenience  of 
description.     The  classification  must  be,  in  the  main,  empirical. 

(i)  The  commencement  of  the  attack  may  be  by  a  motion  or  sensation  in 
some  part  of  one-half  of  the  body,  most  frequently  in  the  arm,  less  fre- 
quently in  the  face  or  leg,  occasionally  in  the  tongue,  very  rarely  in  the  side 
of  the  trunk.  Such  local  commencement  is  not  frequent  in  idiopathic  epi- 
lepsy, although  it  is  sometimes  met  with ;  it  is  the  common  mode  of  onset 
in  cases  of  organic  brain  disease.  In  any  part,  the  first  symptom  may  be  a 
spasm,  or  a  sensation,  or  both.  In  the  upper  limb,  the  aura  usually  com- 
mences in  the  hand.     When  it  is  spasm,  it  generally  commences  in  the  hand 
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as  a  whole,  less  commonly  in  the  arm  as  a  whole,  rarely  in  the  shoulder. 
When  a  sensation,  it  is  usually  described  as  "numbness,"  "tingling,"  etc.,  and 
commences  generally  in  a  definite  part  of  the  hand — thumb,  forefinger,  all 
the  fingers,  palm,  or  wrist;  never  higher  up  the  arm.  Sometimes  there  is  a 
sensation  of  motion  without  actual  spasm.  The  aura,  whether  motor  or  sen- 
sory, if  it  commences  in  the  hand,  may  be  felt  to  ascend  the  arm  and  may 
pass  to  the  head,  trunk,  or  leg,  before  consciousness  is  lost.  Commence- 
ment in  the  leg  is  less  frequent  and  presents  the  same  variations  in  character 
and  seat ;  the  sensation  or  spasm  may  pass,  before  consciousness  is  lost,  up 
or  down  the  limb  (according  to  the  place  of  commencement),  or  to  the 
trunk,  arm,  or  head.  When  the  aura  passes  from  the  arm  to  the  leg,  or  vice 
versa,  it  may  do  so  by  two  modes ;  it  may  pass  from  one  limb  to  the  other 
through  the  trunk  and  then  pass  down  the  limb  secondarily  affected,  or  it 
may  commence  at  the  extremity  of  the  second  limb  and  thus  pass  up  both. 
In  the  former  case,  as  a  rule,  a  pure  sensation  leads;  the  course  of  the  aura 
is  determined  by  the  discharge  in  the  sensory  centre,  in  which  no  doubt  the 
representation  of  the  cutaneous  nerves  is  as  continuous  as  their  distribution 
in  the  skin.  Sometimes  a  purely  sensory  aura  (discharge  limited  to  a  sen- 
sory centre)  may  pass  up  one  limb,  along  the  side  of  the  trunk,  and  down 
the  other  limb,  and  only  when  it  reaches  the  extremity  of  this  latter  is  spasm 
added,  which  may  pass  back  up  the  limb,  the  'discharge  extending  to  the 
related  motor  centre  only  when  it  reaches  the  limit  of  the  sensory  centre. 

Fits  begin  in  the  face  much  less  frequently  by  a  sensation  than  by  spasm  ; 
the  latter  is  generally  in  the  zygomatic  muscles,  sometimes  in  the  orbicularis. 
In  slight  attacks  on  the  right  side,  the  commencement  in  the  face  is  often 
associated  with  inability  to  speak.  An  aura  in  the  tongue  is  usually  sensory  ; 
it  may  be  associated  with  movement  in  the  jaw  or  with  nausea,  and  in  these 
combinations  we  may  trace  physiological  associations. 

(2)  Bilateral  and  general  warnings.  Fits  occasionally  commence  by  a 
sensation  or  motion  in  the  limbs  on  both  sides  simultaneously.  An  aura 
referred  to  the  trunk  and  not  distinctly  visceral  is  rare,  and  is  generally 
referred  to  the  spine.  General  tremor  or  shivering,  and  general  starts  or 
jerks,  are  occasional  warnings,  and  so  are  a  general  sense  of  malaise,  of 
powerlessness,  of  heat,  and  a  feeling  of  faintness. 

(3)  Visceral  and  pneumogastric  warnings.  A  frequent  form  of  aura  is 
that  which  is  referred  to  the  internal  viscera,  and  especially  to  those  which 
are  in  the  region  of  the  pneumogastric  nerve,  including  the  respiratory  por- 
tion of  the  spinal  accessory.  The  most  common  is  some  sensation  at  the 
epigastrium,  usually  vague  but  sometimes  actual  pain.  Rarely  it  seems  to 
commence  lower  in  the  abdomen  ;  occasionally  it  is  referred  to  the  left  of 
the  middle  line,  scarcely  ever  to  the  right.  When  the  sensation  is  actual 
pain,  it  remains  at  the  epigastrium  until  consciousness  is  lost ;  it  is  some- 
times associated  with  nausea,  and  seems  referable  to  disturbance  in  the  cen- 
tral relations  of  the  gastric  division  of  the  vagus.  When  the  sensation  is 
other  than  pain,  it  may  also  only  be  felt  at  the  epigastrium,  but  frequently 
it  seems  to  ascend  through  the  chest  to  the  throat  or  head.     On  reaching 
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the  throat  there  is  a  sensation  of  choking,  apparently  identical  with  the 
globus  hystericus.  The  warning  may  also  be  this  sensation  of  choking  with- 
out any  preceding  epigastric  aura.  Now  and  then  other  vague  feelings  are 
described  in  the  throat  or  thorax.  These  aurae,  ascending  to  or  felt  in  the 
throat,  seem  to  be  the  expression  of  a  disturbance  of  the  central  processes 
connected  with  the  respiratory  function  of  the  pneumogastric.  Another  organ 
within  the  innervation  of  the  vagus  is  the  heart,  and  various  cardiac  sensa- 
tions, such  as  palpitation,  or  pain,  or  vague  discomfort,  sometimes  constitute 
the  aura. 

(4)  Cephalic  sensation.  A  sensation  of  giddiness,  vague  or  definite 
vertigo,  is  a  very  frequent  aura,  and  is  often  associated  with  actual  turning 
of  the  head  and  eyes,  seldom  of  the  whole  body,  more  frequently  to  the 
left  than  to  the  right.  In  bilateral  fits  the  convulsion  is  never  quite  equal 
on  the  two  sides,  and  the  deviation  of  the  head  is  apparently  the  result  of 
the  inequality  of  discharge ;  the  vertigo  may  be  its  sensory  effect.  Giddi- 
ness is  occasionally  associated  with  nausea  and  sometimes  with  loss  of  sight. 
Other  sensations  referred  to  the  head  are  also  common  ;  actual  pain,  usually 
indefinite  in  seat,  sometimes  a  sense  of  "  rushing  of  blood  to  the  head,"  or 
vague  "heaviness."  A  sudden  sense  of  somnolence  is  also  sometimes 
described. 

(5)  Psychical  aurae  occasionally  herald  attacks,  and  may  consist  in  an 
emotion  or  an  idea.  .  The  emotion  is  uniform  in  the  same  case,  some  form 
or  degree  of  fear.  It  bears  no  relation  to  emotion  as  a  cause  of  the  first 
fit.  The  idea  is  usually  too  vague  or  imperfectly  remembered  to  be  described 
in  words.  Occasionally  the  psychical  aura  consists  of  a  vague  dreamy  state, 
which  Dr.  Hughlings  Jackson  has  designated  "  voluminous  ;"  sometimes  it 
is  a  sudden  sense  of  strangeness ;  familiar  objects  seem  unfamiliar.  Very 
rarely  there  is  a  sudden  sense  that  whatever  is  happening  is  morally  wrong. 

(6)  Special  sense  aurae  are  very  frequent  and  important.  Olfactory  sensa- 
tions are  rare;  are  usually  unpleasant  in  character.  Gustatory  aurae,  a  sour, 
bitter,  or  metallic  taste,  are  still  more  rare.  An  auditory  warning  is  more 
common.  There  may  be  a  sudden  loss  of  hearing — a  strange  stillness,  for 
a  moment,  before  consciousness  is  lost.  More  frequently  there  is  a  warning 
sound,  usually  of  low  elaboration — a  crash,  whizz,  a  hiss  or  whistle,  and 
the  sound  may  seem  to  get  louder  and  nearer  until  the  patient  knows  noth- 
ing more.  Very  rarely  a  more  elaborate  sensation  is  described,  or  music  or 
words,  and  the  sensation  is  usually  the  same  before  each  fit. 

A  visual  warning  is  twice  as  frequent  as  all  the  other  special  sense  aurae 
together.  It  may  be  sudden  loss  of  sight ;  but  more  frequently  it  is  a  visual 
sensation,  a  flash  of  light,  or  sparks,  or  flashes  of  color.  Usually  many 
colors  are  seen,  sometimes  one  onlv.  Red  and  blue  are  the  most  frequent  j 
no  other  color  is  seen  alone,  and  both  are  never  absent.  Occasionally  the 
visual  sensation  is  much  more  elaborate,  a  vague  vision  of  some  beautiful 
place,  or  a  definite  image  of  some  object,  an  old  woman  with  a  dress  of  a 
certain  color,  ugly  faces,  animals,  etc.  Objects  actually  before  the 
patient  may  appear  to  approach,  or  more  frequently  to  recede,  as  the  fit  is 
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coming  on.  The  recession  is  apparently  due  to  a  slight  degree  of  the  inhibi- 
tion of  the  visual  centre,  that,  in  greater  degree,  causes  the  loss  of  sight.  It 
is  noteworthy  that  lights  may  be  seen  after  sight  is  lost,  an  instance  of 
"discharge"  in  an  inhibited  centre,  and  an  important  fact  in  connection 
with  the  physiological  pathology  of  the  disease.  Various  special  sense  aurje 
may  be  combined.* 

Very  rarely  an  attack  is  preceded  by  some  coordinated  movement.  A 
patient,  for  instance,  may  invariably  commence  running,  and  after  running 
a  few  yards,  fall  down  in  the  fit— the  "  epilepsia  cursiva  "  of  Bootius.  I 
have  known  a  patient  always  to  turn  round  and  retrace  his  steps  immediately 
before  an  attack,  and  another  would  spring  up  and  jump  about  the  room  for 
a  few  seconds. 

A  peculiar  sound,  the  "epileptic  cry,"  is  produced  at  the  onset  of  the 
attack  in  some  cases.  It  may  be  a  harsh,  weird  scream,  but  more  often  it  is  a 
sort  of  prolonged  laryngeal  groan,  not  very  loud,  but  very  characteristic. 
The  sounds  are  probably  due  to  narrowing  of  the  glottis  at  the  moment 
when  air  is  expelled  from  the  chest  by  the  tonic  spasm.  As  a  rule  the  patient 
is  not  aware  of  the  cry,  but  sometimes  he  can  hear  and  remember  it,  although 
he  cannot  prevent  it. 

The  convulsion,  as  a  rule,  begins  by  tonic  spasm,  which  causes  rotation  of 
the  head  and  deviation  of  the  eyes  and  of  the  mouth  to  the  side  on  which 
the  convulsion  is  most  intense.  The  posture  of  the  limbs  varies.  Commonly 
the  arms  are  slightly  abducted  at  the  shoulder,  the  elbow  and  wrist  are 
flexed,  and^the  fingers  are  flexed  at  the  metacarpo-phalangeal  joints,  extended 
at  the  others,  the  thumb  being  adducted  into  the  palm,  or  pressed  against 
the  fingers.  The  position  is  thus  nearly  that  seen  in  tetany.  The  legs  may 
be  extended,  but  often  there  is  slight  flexion  at  the  hip  and  knee  joints. 
Sometimes  initial  extension  of  the  legs  gives  place  to  strong  flexion  in  the 
later  stages  of  the  fit.  Usually  the  limbs  of  the  two  sides  do  not  perfectly 
correspond  in  position,  but  the  difference  is  slight.  In  other  cases,  the  arms 
are  extended,  and  in  some  the  fingers  are  flexed  at  all  joints,  the  fists  being 
"clenched."  In  others,  again,  instead  of  a  combination  of  flexion  and 
extension,  flexion  predominates  throughout.  The  head  is  bent  forward,  the 
arms  and  legs  are  strongly  flexed,  so  that  the  fists  are  in  contact  with  the 
chest,  and  the  knees  with  the  abdomen.  At  the  commencement  of  such 
flexor  fits  the  patient  often  falls  forward.  In  rare  cases  the  arms  are  raised 
up  above  the  head  at  the  onset  of  the  attack,  and  may  be  kept  in  that  posi- 
tion throughout,  or  put  straight  forward.  The  neck,  in  these  fits,  is  often 
bent  backward,  the  legs  may  be  extended,  or  one  or  both  may  be  flexed. 
The  violence  of  the  tonic  spasm  is  often  very  great ;  the  shoulder  may  be 
dislocated  by  it,  and  when  this  accident  has  once  happened  it  is  very  apt  to 
recur.  It  is  generally  during  the  stage  of  clonic  spasm  that  the  tongue  is 
bitten ;   it  is  pushed  by  the  spasm  between  the  teeth,  while  the  jaws  are 

*  Many  illustrations  of  the  different  kinds  of  warning  will  be   found  in  my  treatise  on 
"  Epilepsy." 
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jerked  by  the  contraction  in  the  muscles  of  mastication.  Very  rarely  it  is 
bitten  during  the  tonic  stage.  Now  and  then,  instead  of  this  shock-like 
clonic  spasm,  into  which  the  tonic  spasm  gradually  passes,  the  clonic  spasm 
is  finer  in  range  and  quicker  in  time,  and  is  superadded  to,  instead  of  super- 
seding, the  tonic  spasm.  The  latter  continues  while  the  strained  rigid  limbs 
are  agitated  by  the  coarse  tremor.  This  form  of  clonic  spasm  is  most  com- 
mon in  the  cases  which  present  extension  in  the  arms  and  flexion  of  all  the 
joints  of  the  fingers. 

In  some  epileptic  fits  there  is  but  one  form  of  spasm,  either  tonic  or  clonic. 
As  a  rule,  those  which  consist  only  of  tonic  spasm  are  general  fits  of  slight 
severity.^  A  patient  falls  unconscious,  is  rigid  for  a  few  moments,  and  then 
is  better.  Severer  tonic  fits  are  sometimes  seen — the  "  tetanoid  epilepsy  " 
of  Pritchard. 

The  attacks  which  consist  only  of  clonic  spasm  are  slight  fits  of  partial 
distribution,  beginning  in,  and  often  confined  to,  one  limb,  especially  the 
hand  and  arm.  They  are  less  common  in  cases  having  the  character  of 
idiopathic  epilepsy  than  in  organic  brain  disease.  Severer  fits  consisting 
only  of  clonic  spasm  are  very  rare. 

The  course  of  the  spasm  in  fits  which  begin  locally  has  been  alluded  to  in 
the  account  of  the  modes  of  onset.  The  relation  of  the  spasm  to  the  muscles 
of  unilateral  and  bilateral  use  is  an  important  point,  which  has  been  already 
considered  (p.  524). 

The  slight  convulsion  at  the  onset  of  fits  which  begin  deliberately  seems 
to  cause  little  pain,  but  occasionally  the  pain  felt  in  such  cases  is  very  great. 
In  some  of  these  cases  it  is  probable  that  the  pain  is  due  to  discharge  in  the 
sensory  centres. 

Other  Symptoms  of  Attacks. — The  pupils  are  said  to  be  occasionally  con- 
tracted at  the  onset  ofa  fit,  but  such  contraction  is  certainly  not  invariable. 
As  a  rule,  as  soon  as  the  tonic  stage  is  well  established,  the  pupils  are  dilated, 
and  continue  so  until  the  fit  is  over ;  the  iris  does  not  contract  to  light. 
When  signs  of  consciousness  can  be  elicited,  the  dilatation  ceases,  and  it  is 
not  uncommon  after  the  fit  for  the  pupil  to  present  alternate  contraction  and 
dilatation  every  one  or  two  seconds,  continuing  for  a  few  minutes,  a  phe- 
nomenon first  pointed  out  by  Reynolds. 

The  passage  of  urine  during  an  attack,  already  mentioned,  is  not  due 
merely  to  the  state  of  the  bladder  or  rectum,  or  to  the  loss  of  consciousness, 
but  is  the  result  of  some  peculiarity  in  the  convulsion,  since  it  occurs  invari- 
ably in  some  patients,  never  in  others.  The  pulse  may  be  feeble  at  the  onset, 
but  I  have  never  noted  an  initial  failing,  although  I  have  several  times  had 
my  finger  on  the  pulse  when  a  fit  came  on.  A  tracing  published  by  Voisin 
shows  that  the  heart's  action  may  be  perfectly  normal  during  the  stage  of 
the  aura.  A  stoppage  of  the  pulse  has  been  described  by  Moxon,  but  is 
certainly  altogether  exceptional.  As  the  muscular  spasm  becomes  consider- 
able the  pulse  is  increased  in  frequency  and  in  force,  but  falls  when  the  fit  is 
over.  The  face  is  often  pale  at  the  onset,  but  pallor  is  less  constant  than  is 
currently  asserted.     It  may  come  on  after  and  not  before  the  commencement 
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of  the  tonic  spasm,  but  as  this  continues  the  face  becomes  congested  and  then 
cyanotic.  The  bloated  dusky  aspect  of  the  face,  with  features  distorted  by 
the  spasm,  renders  the  aspect  of  the  patient  most  alarming  to  those  unaccus- 
tomed to  the  disease.  When  the  clonic  spasm  becomes  completely  inter- 
mittent, air  is  changed  in  the  lungs  and  the  cyanosis  lessens.  During  the 
course  of  the  fit,  the  surface  often  becomes  covered  with  sweat.  It  is  doubt- 
ful whether  there  is  any  change  in  the  retinal  vessels  until  the  veins  become 
swollen  in  the  course  of  the  venous  congestion.  In  convulsions  which  begin 
locally,  I  have  watched  the  fundus  and  have  seen  that  there  is  no  initial 
alteration. 

Excitants  of  Attacks.— In  some  patients  attacks  may  be  excited  by  certain 
influences,  but  such  cases  are  as  rare  in  epilepsy  as  they  are  common  in  hys- 
teria. The  excitants  which  have  come  under  my  notice  are  emotion,  a 
"startling"  noise,  a  bright  light,  and  voluntary  motion  after  rest.  It  is 
excessively  rare  for  cutaneous  irritation  to  excite  a  fit.  Epileptogenic  zones, 
analogous  to  those  of  Brown-Sequard's  guinea-pigs,  are  practically  unknown.* 

Arrest  of  Fits. — Attacks  which  begin  deliberately  can  sometimes  be  cut 
short,  and  the  means  by  which  this  may  be  effected  are  of  considerable 
interest,  and  of  some  practical  importance.  Those  which  commence  by  a 
bilateral,  visceral,  cephalic  or  special  sense  aura  can  rarely  be  arrested,  but 
now  and  then  they  can  be  stopped  by  some  muscular  exertion,  as  by  walk- 
ing quickly,  or  by  some  strong  sensory  impression,  such  as  the  application 
of  ammonia  to  the  nostrils,  swallowing  a  mouthful  of  common  salt,  or  by  the 
inhalation  of  nitrite  of  amyl.  The  attacks  that  can  most  frequently  be 
arrested  are  those  which  commence  by  a  motion  or  sensation  in  the  hand  or 
foot.  The  oldest  and  usual  method  of  effecting  this  is  by  a  ligature  around 
the  limb  above  the  seat  of  the  spasm  or  sensation.  The  strong  peripheral 
impression  apparently  raises  the  resistance  in  the  nerve  cells  of  the  affected 
part  of  the  brain,  and  so  arrests  the  spread  of  the  discharge.  The  influence 
must  be  exerted  first  on  the  sensory  centre,  and  through  this  on  the  motor 
centre.  If  the  commencing  fit  has  got  beyond  the  part  to  which  the  liga- 
ture has  been  applied,  the  attack  is  not  arrested.  A  ligature  acts  better  than 
other  peripheral  impressions,  probably  because  it  is  most  readily  applied, 
and  because  the  cutaneous  nerves  are  stimulated  in  the  entire  circumference 
of  the  limb,  and  so  influence  the  entire  extent  of  gray  matter  in  which  the 
discharge  is  advancing.  Occasionally,  a  more  limited  cutaneous  impression, 
a  pinch  or  prick,  has  the  same  effect.  The  fits  which  begin  by  spasm  may 
sometimes  be  arrested  in  another  way — by  preventing  the  movement,  and 
forcibly  extending  the  contracting  muscles,  sometimes  by  rubbing  them.  The 
mechanism  is  probably  the  same.  Rubbing  has  a  tendency  to  lessen  all 
forms  of  spasm,  even  that  of  tetanus.  Both  methods  of  arrest  were  known 
to  the  ancients. 

Conditions  after  Attacks. — The  coma,  into  which  the  patient  usually  passes 

*  See,  however,  a  curious  case  recorded  by  Hughlings  Jackson  {Proc.  Med.  Soc,  Lond.), 
vol.  a,  1887,  p.  78). 
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at  the  end  of  an  epileptic  fit,  often  continues  as  heavy  sleep*  lasting  for  a 
quarter  of  an  hour  or  longer.  After  the  first  few  minutes,  the  patient  carl 
be  roused.  The  sleep  is  often  followed  by  a  severe  headache,  enduring  for 
several  hours  or  the  remainder  of  the  day.  Occasionally  the  sleep  is  not 
followed  by  headache,  but  if  the  patient  is  roused  and  is  not  allowed  to  sleep, 
the  pain  in  the  head  is  severe.  In  some  cases  there  is  neither  sleep  nor 
headache. 

For  a  few  seconds  after  a  severe  fit,  reflex  action  in  the  limbs  remains 
absent.  Tickling  the  sole  no  longer  causes  a  movement  of  the  leg,  and  the 
loss  may  involve  the  muscle-reflex  action,  so  that  the  knee  jerk  can  no  longer 
be  obtained,  as  Westphal  first  showed.  But  this  stage  of  loss  is  succeeded  by 
temporary  increase  in  the  myotatic  irritability,  so  that  the  knee  jerk  is  exces- 
sive and  the  foot  clonus  may  be  obtained.  In  most  cases  this  increase  is  alone 
to  be  detected.  It  may  be  present  only  on  the  side  on  which  the  convul- 
sion was  most  severe,  i.  e.  on  the  side  toward  which  the  head  is  turned  (Beevor)* 
It  lasts  a  few  minutes  and  then  passes  away.  These  phenomena  are  probably 
the  result  of  temporary  exhaustion  of  the  centres  concerned — of  the  muscle- 
reflex  centre,  in  the  loss  of  the  controlling  structures  (the  terminations  of  the 
pyramidal  fibres),*  in  the  case  of  excess. 

Loss  of  motor  power,  paralysis,  may  succeed  a  fit  of  epileptic  type — post- 
convulsive paralysis,  as  already  described  (p.  525).  It  is  most  distinct  after 
unilateral  convulsions  (and  constitutes  the  "epileptic  hemiplegia  "  of  Todd), 
but  the  general  prostration  after  a  bilateral  convulsion  is  probably  analogous. 
After  a  severe  fit  it  may  be  due  to  exhaustion  of  the  nerve  elements,  but  the 
transient  palsy  that  succeeds  a  very  slight  fit  must  be  ascribed  to  inhibition  of 
the  motor  centres.  In  many  of  these  cases  there  is  conspicuous  sensory 
discharge,  "  tingling,"  etc.,  passing,  for  instance,  up  the  arm  and  down  the 
side  to  the  leg ;  there  may,  indeed,  be  no  motor  spasm.  In  such  a  case  of 
purely  sensory  discharge,  the  arm  may  be  for  a  time  almost  powerless.  Just 
as  such  a  discharge  in  the  sensory  centre  may,  as  we  have  seen,  set  up  second- 
ary discharge  in  «the  motor  centre,  so  it  may,  when  slight,  merely  inhibit 
the  centre.  Loss  of  speech  sometimes  occurs  after  right -sided  seizures,  and 
probably  has  the  same  inhibitory  origin.  These  forms  of  transient  palsy 
must,  however,  be  distinguished  from  palsy  due  to  cerebral  hemorrhage 
caused  by  the  fit  (an  excessively  rare  event),  and  also  from  the  condition  in 
which  convulsions  merely  attend  the  onset  of  an  acute  cerebral  lesion. 

Automatic  action  and  hysteroid  phenomena  are  very  common  after  slight 
attacks  of  epilepsy,  and  occasionally  succeed  a. severe  fit.  For  instance  ;  a 
girl  aged  seventeen  had  suffered  from  six  years  of  age  from  severe  epileptic 
seizures  with  tongue-biting ;  at  the  age  of  puberty  the  attacks,  without  change 
in  character,  were  succeeded  by  hysteroid  convulsions.  In  one  that  was 
seen,  she  suddenly  fell  with  a" scream ;  her  head  was  turned  to  the  left,  the 
limbs  were  rigid,  the  face  cyanotic,  clonic  spasm  succeeded  with  frothing  at 
the  mouth ;  the  tongue  was  bitten.     The  fit  lasted  two  minutes  and  a  half. 

*  See  p.  146. 
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She  then  lay  unconscious,  breathing  heavily,  and  still  frothing  at  the  mouth. 
Then  she  opened  her  eyes,  looked  strange,  kicked  and  threw  her  arms  about, 
dashed  her  head,  and  arched  her  back  for  four  minutes.  She  then  went  to 
sleep,  and  slept  for  an  hour. 

The  temperature  may  be  raised  half  a  degree  or  a  degree  by  a  severe 
convulsion,  or  it  may  present  no  alteration.  When  attacks  follow  each 
other  at  intervals  of  only  a  few  minutes  (status  epilepticus),  the  temperature 
may  rise  to  105°  or  1070  (Bourneville).  The  strain  may  cause  small  vessels 
to  rupture,  usually  in  the  face  and  conjunctiva,  so  that  the  face  may  be 
spattered,  as  it  were,  with  small  hemorrhagic  points.  After  death  in  a  con- 
vulsion similar  extravasations  may  be  found  in  internal  organs. 

Vomiting  occurs  after  fits  in  some  patients.  It  is  a  dangerous  symptom, 
on  account  of  the  liability  of  food  to  get  into  the  larynx  in  the  state  of 
insensibility.  Excessive  hunger  is  an  occasional  symptom  after  an  attack, 
and  a  patient  who  has  had  a  hearty  meal  before  a  fit  will  eat  another  directly 
after  it.  The  urine  is  rarely  altered  in  its  constitution  by  an  epileptic  seiz- 
ure. Now  and  then  a  trace  of  albumen  or  of  sugar  may  be  found,  but  the 
frequency  of  this  has  been  greatly  exaggerated  ;  each  is  rare.  There  is  no 
necessary  increase  in  the  amount  of  urea.  It  has  been  said  that  every  fit 
causes  a  loss  of  body  weight  (Kowalewski),  but  this  is  incorrect  (Lehmann, 
Beevor,  etc.). 

Minor  Attacks. — The  slight  attacks  of  epilepsy  vary  much  in  character, 
and  hence  patients  speak  of  them  under  various  designations,  such  as  "  sensa- 
tions," "faints,"  "losses,"  "turns,"  "giddiness."  Hence,  also,  their  nature 
is  often  not  recognized  by  the  patients  or  their  friends.  As  a  rule,  there  is 
brief  loss  of  consciousness,  and  this,  as  already  stated,  may  constitute  the 
only  apparent  symptom.  Often,  however,  there  is  a  slight  stoop  forward,  or  a 
slight  quivering  of  the  eyelids.  The  patient  may  or  may  not  fall.  The 
:olor  of  the  face,  in  many  cases,  undergoes  no  change ;  there  is  scarcely 
;ver  pallor  at  the  moment  of  onset,  but  in  a  second  or  two  the  face  becomes 
slightly  pale  in  many  cases,  and  when  the  attack  is  over,  whether  there  has 
sr  has  not  been  pallor,  the  face  commonly  becomes  a  little  flushed.  In 
nany  patients  the  loss  of  consciousness  is  preceded  by  some  warning  sensa- 
ion,  and  it  is  from  this  circumstance  that  the  minor  seizures  are  so  often 
ermed  "sensations."  The  patient  may  know  nothing  of  the  loss  of  con- 
ciousness,  and  be  aware  only  of  the  sensation.  Very  often  a  warning  occurs 
>nly  before  the  minor  seizure,  the  severe  fits  coming  on  so  rapidly  that  loss 
>f  consciousness  is  the  earliest  symptom.  When  each  kind  of  attack  is  pre- 
:eded  by  an  aura,  this  is  usually  similar  in  character,  although,  as  already 
nentioned,  it  may  be  more  elaborate  before  the  slight  than  before  the  severe 
eizures.     It  is  rare  for  the  aura  of  each  to  be  altogether  different. 

The  following  list  comprehends  the  chief  "characteristics  of  minor  seiz- 
ires.  They  are  arranged  in  the  order  of  frequency.  In  most  cases  there 
3,  in  addition,  brief  loss  of  consciousness.  The  first  of  the  list  occurs 
a  one-third  of  the  cases,  and  the  second  in  a  sixth,  so  that  these  two 
re  the  characteristics  of  about  half  the  minor  epileptic  seizures  met  with. 
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r.  Sudden  momentary  unconsciousness,  or  "  fainting  "  or  "  sleepiness," 
without  warning. 

2.  Giddiness. 

3.  Jerks  or  starts  of  the  limbs,  trunk,  or  head. 

4.  Visual  sensation  or  loss. 

5.  Mental  state  ;  sudden  sense  of  fear,  etc. 

6.  Unilateral  peripheral  sensation  or  spasm. 

7.  Epigastric  sensation. 

8.  Sudden  tremor. 

9.  Sensations  in  both  hands. 

10.  Pain  or  other  sensation  in  the  head. 

11.  Choking  sensation  in  the  throat. 

12.  Sudden  scream. 

13.  Olfactory  sensation. 

14.  Cardiac  sensation. 

15.  Sensation  in  nose  or  eyeball. 

16.  Sudden  dyspnoea. 

17.  General  "  indescribable  "  sensations. 

While  giddiness  is  thus  one  of  the  most  common  sensations,  it  is  only 
present  in  a  small  proportion  of' the  total  number,  and  it  is  a  mistake  to 
employ  the  term  "  epileptic  vertigo  "  (as  it  has  been  employed)  as  a  general 
designation  for  attacks  of  minor  epilepsy.  The  sense  of  vertigo  usually 
involves  an  apparent  movement,  sometimes  in  the  patient,  sometimes  in 
objects  seen  ;  the  direction  of  these  apparent  movements  is  usually  the 
same  ;*  the  vertigo  is  sometimes  attended  with  actual  rotation.  Special- 
sense  aurae  are  also  frequent  in  minor  epilepsy,  and  present  the  characters  as 
already  described  ;  the  visual  sensation  is  the  only  frequent  one.  The  epi- 
gastric sensation  is  much  less  common  than  before  severe  fits. 

Loss  of  consciousness  is  the  rule,  but  exceptions  are  often  met  with,  in 
which  there  is  merely  obscuration  of  consciousness  for  a  few  seconds,  and 
no  absolute  loss.  In  the  cases  in  which  the  minor  attacks  consist  of  sudden 
starts,  or  of  a  visual  sensation,  consciousness  may  be  apparently  unaffected. 

Urine  is  often  passed  during  a  minor  attack ;  in  such  cases  there  is  almost 
always  loss  of  consciousness,  but  one  patient  was  always  aware  of  it,  although 
unable  to  prevent  it.  In  some  cases  micturition  is  almost  invariable,  in 
others  it  never  occurs.  The  accident  is  far  more  common  in  females  than  in 
males;  perhaps  because  the  process  can  occur  more  quickly  on  account  of 
the  shortness  of  the  urethra. 

In  some  cases  the  minor  attacks  may  be  accompanied  with  slight  convul- 
sive spasm,  tonic  when  general,  but  usually  clonic  when  it  is  local.  In  such 
cases  attacks  occur  which  present  every  gradation  between  the  slight  and 

*  The  explanation  of  the  fact  will  be  given  in  the  account  of  vertigo.  .  It  may  be  well  to 
remind  the  observer  that  the  term  " giddiness "  or  "dizziness"  is  often  applied  to  any 
obscuration  of  consciousness,  and  the  exact  character  of  the  sensation  should  always  be 
ascertained. 
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severe  seizures.  The  degree  which  is  the  maximum  in  one  case  may  be  the 
minimum  in  another. 

Conditions  after  Minor  Attacks. — The  return  of  consciousness  to  its  average 
degree  often  occurs  slowly  ;  the  patient  is  dazed  and  stupid  for  a  few  min- 
utes, makes  random  remarks,  and  occasionally  performs,  in  an  automatic 
manner,  some  action  of  which  he  afterward  retains  no  recollection.  Such 
automatic  action  was  formerly  regarded  as  constituting  the  minor  attack  of 
epilepsy,  and  these  cases  were  therefore  called  "masked  epilepsy" 
(Esquirol),  or  "  epilepsia  larvata  "  (Morel).  I  believe  that  the  old  view  is 
not  altogether  untrue ;  that  in  some  cases  imperfect  loss  of  consciousness, 
with  automatic  action,  does  constitute  the  minor  seizure,  without  any  initial 
stage  more  distinctly  epileptic.  But  it  is  certain  that,  much  more  frequently, 
the  automatism  succeeds  a  slight  attack,  and  is  really  a  post-epileptic  phe- 
nomenon. It  has  been  ascribed  to  the  temporary  failure  of  the  highest  cen- 
tres to  control  those  next  below  them,  which  consequently  act  in  an  auto- 
matic manner  (Anstie,  Thompson-Dickson,  Hughlings- Jackson).  The  con- 
dition is  not  merely  of  clinical  interest,  but  also  of  medico-legal  import- 
ance, since  the  performances  may  be  complex,  and  may  have  all  the  aspect 
of  deliberate  volition  ;  the  initial  epileptic  seizure  may  be  unnoticed  by 
those  around,  and  even  unknown  to  the  patient.  One  of  the  most  common 
actions  is  that  of  undressing,  which  is  occasionally  very  inconvenient.  It  is 
possibly  suggested  by  a  feeling  of  illness,  and  so  likewise  may  be  another 
occasional  action,  an  attempt  to  walk  up  stairs,  which  is  also  awkward  if  (as 
happened  in  two  cases)  the  shelves  of  a  dresser,  or  the  dinner  table,  is  mis- 
taken for  the  staircase.  A  very  common  action,  still  more  equivocal  in  its 
aspect,  is  to  put  in  the  pocket  any  object  which  may  be  near,  irrespective  of 
its  ownership.  This  gave  rise  at  first  to  grave  suspicion  in  the  case  of  one 
of  my  patients,  a  draper's  assistant,  who  had  gone  to  a  new  situation.  Very 
complex  actions  may  be  performed  in  this  state.  I  have  known  a  carman, 
after  an  attack,  to  drive  through  the  most  crowded  parts  of  London  without 
any  object,  but  also  without  any  accident.  Occasionally  the  automatic 
action  displays  emotion,  and  even  anger  and  violence.  One  patient  struck 
a  friend  who  was  with  him  a  violent  blow  on  the  face,  and  was  in  conse- 
quence taken  to  the  police  station.  Another,  a  woman,  immediately  after  a 
fit,  threw  her  baby  down  stairs.  Without  doubt  many  crimes  have  been 
committed  in  this  state,  and  the  point  has  formed  a  medico-legal  question 
at  many  criminal  trials. 

Instead  of  presenting  such  automatic  action,  some  patients  pass,  as 
already  mentioned,  into  a  state  of  violent  hysteroid  convulsion.  This  sequel 
occurs  chiefly  at  the  age  at  which  hysteria  is  met  with,  under  thirty-five.  It  is 
most  common  in  young  women,  frequent  in  boys  and  girls,  occasional  in  young 
men.  Hence  it  is  evidently  the  result,  not  merely  of  the  preceding  epi- 
leptic fit,  but  also  of  the  presence  of  the  cerebral  state  which  underlies  other 
manifestations  of  hysteria.  Some  patients  have  similar  attacks  at  other 
times,  as  well  as  after  their  epileptic  fits.  In  others  there  are  no  separate 
hysterical  phenomena,  the  hysterical  tendency  being  apparently  insufficient 
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to  lead  to  independent  symptoms,  although  it  manifests  itself  during  the 
morbid  state  immediately  after  an  epileptic  fit.  As  an  example  of  these  phe- 
nomena may  be  mentioned  the  case  of  a  girl,  aged  fourteen,  who  had  had 
many  severe  epileptic  fits  accompanied  by  tongue  biting,  and  also  slighter 
attacks  followed  by  hysteroid  convulsions.  I  witnessed  one  of  the  latter. 
When  speaking  to  me,  she  suddenly  stopped,  bent  forward,  and  remained 
still  for  a  few  seconds  ;  then,  she  suddenly  threw  her  arms  about,  stamped 
with  her  feet,  and  became  stiff  and  rigid  for  a  few  minutes,  in  a  characteristic 
hysteroid  convulsion.  It  is  often  said  that  attacks  in  childhood  were  slight, 
and  at  the  time  of  puberty  became  severe,  when  further  inquiry  shows  that 
the  severe  fits  consisted  only  in  the  addition  of  hysteroid  convulsion  to  the 
slight  attacks.  There,  is  another  post-epileptic  action  which  is  automatic,  and 
may  occur  alone  or  with  hysteroid  convulsion,  and  is  important  on  account 
of  its  danger — a  tendency  to  turn  over  on  the  face.  If  the  patient  is  in  bed, 
suffocation  may  easily  occur  during  the  comatose  sleep  that  follows,  and, 
without  doubt,  many  epileptics  have  died  from  this  cause.  Some  patients 
never  present  this  tendency,  others  always  do,  and  their  friends  should  be 
warned  of  its  danger. 

Mental  Disturbance  in  Epileptics. — The  occurrence  of  transient  "  epilep- 
tic mania  "  as  a  sequel  to  attacks,  has  been  already  mentioned.  It  is  uncer- 
tain whether  such  an  outbreak  may  take  the  place  of  a  fit,  but  we  are  not  at 
present  justified  in  denying  its  possibility.  In  this  condition  the  patient  is 
often  violent  and  homicidal,  and,  although  perfectly  sane  in  the  intervals,  is 
one  of  the  most  dangerous  of  lunatics.  The  mania  is  usually  brief,  often 
lasting  only  a  few  minutes,  rarely  more  than  an  hour.  But  occasionally, 
after  a  fit  or  a  series  of  fits,  mental  disturbance  may  come  on  and  last  for 
several  days,  a  state  of  dementia,  or  of  mania,  with  delusions  or  hallucina- 
tions, often  with  irritability  and  violence.  It  may  even  occur  during  the 
temporary  cessation  of  attacks. 

The  inter-paroxysmal  mental  state  of  epileptics  often  presents  grave 
deterioration,  and  this  is  one  of  the  most  serious,  and  most  dreaded,  effects 
of  the  disease.  In  its  slighter  degree  there  is  merely  defective  memory, 
especially  for  recent  acquisitions.  In  greater  degree  the  intellect  suffers 
generally,  and  there  is  often  defective  moral  control.  Mischievous  restless- 
ness and  irritability  in  childhood  may  develop  to  vicious  and  even  criminal 
tendencies  in  adult  life.  Every  grade  of  defect  may  be  met  with,  to  actual 
imbecility.  The  mental  state  is  not,  in  all  cases,  entirely  the  result  of  the 
attacks  of  epilepsy.  In  some  it  is,  in  part  at  least,  the  expression  of  a  cere- 
bral imperfection,  of  which  the  epilepsy  is  another  manifestation.  In  such 
instances  mental  defect  may  exist  before  the  occurrence  of  the  first  fit,  or 
may  follow  attacks  very  rapidly.  In  other  cases  the  failure  is  apparently 
produced  solely  by  the  attacks.  It  succeeds  them  in  time,  and  may  lessen 
when  treatment  renders  them  less  frequent. 

A  comparison  of  cases  with  considerable  mental  defect,  and  others  in 
which  no  mental  failure  was  noted,  shows  that  the  deterioration  cannot  be 
ascribed  to  any  one  element  in  the  disease.     The  most  influential  agents  are 
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the  early  commencement  of  the  disease,  its  duration,  and  the  frequency  of 
attacks.  The  tendency  is  greater  in  the  cases  that  commence  in  childhood 
than  in  those  which  commence  between  ten  and  twenty,  and  greater  in  those 
which  begin  in  the  first,  than  in  the  second,  five  years  of  life.  The  influence 
of  duration  is  shown  by  the  fact  that,  of  the  cases  with  mental  failure,  nearly 
three-quarters,  and  of  those  without,  less  than  half,  had  lasted  more  than  four 
years.  The  influence  of  frequency  of  attack  is  shown  by  the  fact  that  the 
average  interval  in  the  weak-minded  cases  was  fifteen  days,  in  the  others 
twenty-six  days.  On  the  other  hand,  the  influence  of  form  of  attack  (major 
or  minor)  of  heredity,  and  of  sex,  is  not  great.  Considerable  failure  is 
often  seen  in  patients  who  have  only  minor  attacks,  but  extended  observa- 
tion does  not  show  that  it  is  more  common  in  such  .cases  than  in  others. 
That  there  is  no  necessary  relation  between  any  of  these  conditions  and 
mental  failure,  is  shown  by  the  fact  that  each  one  may  be  met  with,  in  high 
degree,  without  any  impairment  of  the  intellect.  On  the  other  hand,  there 
is  no  condition  in  which  mental  deterioration  does  not  occasionally  occur. 
The  conclusion  is  that  mental  failure  is  determined  less  by  single  conditions 
than  by  their  combinations,  and  it  is  probable  that  a  more  potent  cause  than 
the  attacks  themselves  is  a  predisposition  to  suffer  under  their  influence,  a 
predisposition  that  is  related  to  the  ultimate  causes  of  the  disease,  rather  than 
to  its  developed  characters. 

When  attacks  that  have  occurred  during  many  years  stop  suddenly,  whether 
the  stoppage  is  spontaneous  or  due  to  the  influence  of  drugs,  patients  may 
become  dull,  forgetful,  sometimes  irritable,  and  sometimes  half  idiotic.  The 
effect  is  often  ascribed  to  the  remedy  used,  especially  if  this  is  bromide,  but 
it  seems  to  be  due  rather  to  the  general  depression  of  cerebral  function  by 
the  condition  of  the  nerve  cells,  which,  by  repeated  discharge,  have  devel- 
oped a  tendency  to  over-production  of  nerve  force,  and  this  is  no  longer 
released  in  the  fits.  We  may  not  know  the  exact  mechanism,  but  we  can 
understand  the  effect.  A  fit  may  completely  remove  the  state.  It  is  com- 
mon for  patients  to  say  that  they  feel  better  when  they  are  having  fits  than 
when  they  are  not. 

The  general  health  of  epileptics  may  be  perfect.  Often  there  is  some 
defect,  especially  in  the  functions  of  the  digestive  organs.  The  circulation 
is  sometimes  feeble,  the  pulse  small,  unduly  frequent,  and  very  often  slightly 
irregular.  No  abnormal  state  of  the  pupil  or  retinal  circulation  can  be  found 
with  any  special  frequency  in  the  intervals  between  the  attacks. 

Post-hemiplegic  Epilepsy. — In  considerable  proportion  of  the  cases  of 
epilepsy  the  convulsions  succeed  an  attack  of  hemiplegia,  sudden  in  onset, 
and  therefore  presumably  due  to  a  vascular  lesion.  The  palsy  may  lessen  or 
disappear,  and  the  convulsions,  continuing  years  after,  may  resemble  those  of 
the  idiopathic  form,  and  are  often  supposed  to  be  of  this  nature.  Hence  it 
is  convenient  to  consider  them  here. 

Recurring  convulsions  may  follow  hemiplegia  at  any  age,  but  are  far  more 
frequent  after  that  which  occurs  in  infancy  than  after  hemiplegia  in  adult 
life.     In  two-thirds  of  the  cases  the  onset  is  before  five  years  of  age,  and  in 
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nearly  half  it  is  during  the  first  two  years  of  life.  In  the  cases  that  date 
from  infancy,  females  are  twice  as  numerous  as  males ;  after  five  years  of  age 
there  is  little  difference  in  the  frequency  with  which  each  sex  suffers.  The 
paralysis,  in  the  infantile  cases,  is  more  frequently  on  the  left  side  than  on 
the  right,  but  after  the  fifth  year  it  is  as  frequently  on  one  side  as  on  the 
other.  The  conditions  of  onset  and  the  probable  nature  of  the  lesion, 
in  the  infantile  cases,  have  been  already  considered  (p.  842).  In  later  life, 
when  there  is  any  indication  of  the  cause  of  the  hemiplegia,  this  also  (heart 
disease,  rheumatic  fever,  constitutional  syphilis,  the  puerperal  state)  points 
to  vascular  obstruction.  In  softening  from  .this  cause,  the  brain  tissue  adja- 
cent is  usually  damaged  by  the  collateral  congestion,  and  it  is  easy  to  under- 
stand that  the  nerve  cells  may  suffer  a  permanent  change  in  their  nutrition 
and  function,  causing  instability,  perpetuated  by  their  repeated  discharge. 
Moreover,  acute  softening  often  affects  the  cortex  of  the  brain,  where  organic 
changes  most  frequently  cause  convulsions.  In  a  few  cases  the  condition  is 
said  to  date  from  birth ;  in  most  of  these  the  labor  was  difficult,  and  then 
meningeal  hemorrhage,  with  laceration  of  the  cortex,  is  probable  (see 
p.  801). 

In  half  the  cases,  convulsions,  often  repeated  and  severe,  attend  the  onset 
of  the  hemiplegia.  The  chronic  recurring  fits  date  from  the  onset  in  about  a 
third  of  the  cases.  In  the  rest  there  is  an  interval  before  the  recurring  fits 
commence,  which  is  usually  at  least  a  year,  and  may  be  fifteen  or  twenty 
years.  It  is  not  uncommon  for  the  hemiplegia  to  occur  in  infancy,  and  the 
convulsions  to  commence  at  the  epileptogenic  period  of  puberty ;  sometimes 
a  distinct  exciting  cause  can  be  traced.  When  the  attacks  date  from  the 
onset,  as  a  rule  this  was  attended  with  convulsion,  but  the  converse  does  not 
hold  good.  When  the  hemiplegia  came  on  in  adult  life,  a  long  interval  is 
rare  ;  the  fits  usually  commence  in  less  than  a  year. 

The  degree  of  the  hemiplegia  at  the  onset  varies  ;  it  may  be  considerable 
or  slight;  in  young  children,  when  trifling,  it  may  be  overlooked,  the  more 
readily  if  the  child  is  gravely  ill.  Still  more  various  is  the  degree  of  paraly- 
sis which  persists.  The  leg  has  usually  recovered,  to  a  large  extent  or  alto- 
gether. The  arm  is  more  often  weak,  sometimes  powerless  and  small ; 
occasionally  it  presents  little  or  no  evidence  of  the  initial  weakness.  In 
half  the  cases  the  hand  presents  a  state  of  "  mobile  spasm,"  in  slight  or 
considerable  degree  (see  page  519),  and  it  is  important  to  look  for  traces  of 
this  in  doubtful  cases,  since  it  may  be  distinct  when  the  weakness  is  not. 

The  convulsive  attacks,  in  the  majority  of  cases,  begin  in,  and  are  con- 
fined to,  the  paralyzed  side.  In  rare  cases  in  which  the  attacks  are  severe, 
they  may  be  always  general.  A  distinct  warning  is  present  in  about  five- 
sixths  of  the  cases,  far  more  frequently  than  in  idiopathic  epilepsy ;  and  in 
half  the  cases  it  consists  in  a  deliberate  commencement  of  the  attack  in 
some  part  of  the  paralyzed  side.  The  other  less  frequent  warnings  are  for 
the  most  part  similar  to  those  of  the  idiopathic  form.  The  spasm  is  usually 
also  of  the  same  character. 

Minor  attacks  are  frequent  in  these  cases,  sometimes  similar  to  those  of 
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idiopathic  epilepsy  (a  faint,  sudden  giddiness,  etc.),  but  more  frequently 
they  consist  of  the  aura  of  the  severe  fit,  often  without  loss  of  conscious- 
ness. Hysteroid  seizures  are  very  common  in  these  cases,  and  so  also  is 
considerable  mental  defect. 

Course  of  Epilepsy.— -The  disease  may  commence  by  severe  fits  or  by 
slight  ones.  The  latter  may  exist  alone  for  months  or  years,  and  their  nature 
may  be  unsuspected  until  a  severe  fit  occurs.  The  interval  between  the  first 
and  second  severe  fit  is  sometimes  prolonged,  and  is  a  point  of  considerable 
importance.  When  a  single  convulsive  attack  has  occurred,  the  anxious 
question — whether  it  is  epilepsy  ? — can  only  be  answered  by  the  occurrence 
or  absence  of  other  fits.  In  one-third  of  the  cases  the  interval  is  less  than  a 
month  j  in  another  third  it  is  between  one  and  twelve  months ;  in  the 
remainder  it  is  more  than  a  year,  and  it  is  occasionally  ten  years.  Thus  the 
chance  of  recurrence  does  not  materially  lessen  until  a  year  has  elapsed. 

When  the  disease  is  established  the  interval  between  severe  fits  varies 
greatly.  It  is  less  than  a  month  in  three-quarters  of  the  cases ;  in  about 
half  it  does  not  exceed  two  weeks ;  in  about  a  tenth  fits  occur  daily. 
Usually  the  intervals  vary,  and  they  correspond  to  our  current  divisions  of 
time  only  in  the  cases  (not  frequent)  in  which  attacks  in  women  are  related 
to  the  menstrual  periods. 

The  attacks  may  be  isolated  or  grouped  ;  the  former  is  more  common. 
When  grouped  several  attacks  occur  together,  and  then  there  is  an  interval 
of  freedom.  The  number  in  each  group  varies  from  two  or  three  to  twenty. 
The  patient  usually  recovers  consciousness  between  each.  In  rare  instances 
a  series  of  fits  occurs  in  which  the  patient  does  not  recover  consciousness ; 
during  the  coma,  one  fit  after  another  comes  on.  This  has  been  termed  the 
status  epilepticus,  and  is  a  very  grave  condition.  In  its  most  severe  form, 
the  intervals  between  the"  fits  become  shorter,  the  coma  deepens,  the  pulse 
and  respiration  become  very  frequent,  and  the  temperature  rises,  it  may  be 
to  105°  or  1070  (Bourneville).  The  patient  may  die  in  a  state  of  collapse, 
from  the  violence  of  the  convulsions,  or,  the  fits  ceasing,  he  may  become 
delirious,  and  present  symptoms  of  meningitis,  with  rapid  formation  of  bed- 
sores, and  may  die  in  this  stage.  At  any  period  the  symptoms  may  lessen 
and  the  patient  recover.  Many  cases,  however,  end  fatally,  but  fortunately 
the  condition  is  rare. 

Minor  attacks  occur  in  less  than  half  the  cases  of  epilepsy.  They  may 
occur  alone,  without  severe  fits,  but  both  kinds  are  usually  associated.  ■  The 
slight  seizures  are,  as  a  rule,  frequent.  In  more  than  half  the  cases  in 
which  they  occur  at  all,  there  are  daily  attacks,  usually  from  two  to  twenty 
each  day,  and  I  have  even  known  as  many  as  two  hundred  to  occur  every 
day.  When  there  are  no  other  attacks,  the  minor  fits  are  usually  frequent, 
and  daily.  They  may  also  occur  daily  when  there  are  severe  fits,  but  when 
the  minor  attacks  are  less  frequent,  the  patient  usually  has  also  severe  fits. 
When  the  latter  are  frequent,  minor  attacks  are  often  less  frequent.  Now 
and  then,  when  the  intervals  between  the  severe  fits  are  more  than  two  weeks, 
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the  minor  attacks  occur  for  a  few  days  before  (less  commonly  after)  the 
severe  fits. 

Epileptic  fits  may  come  on  when  the  patient  is  asleep  or  awake,  or  in  both 
conditions.  They  occur  in  both,  or  in  the  walking  state  only,  twice  as  fre- 
quently as  in  the  sleeping  state  only.  Very  rarely  the  patient  has  them  only 
in  the  act  of  going  to  sleep  or  of  waking  up.  Now  and  then  they  are  con- 
fined to  the  early  morning.  When  fits  that  have  occurred  only  during  the 
night,  occur  during  the  day,  they  usually  continue  during  the  night,  but  if 

/they  have  previously  been  diurnal  only,  and  commence  in  the  night,  they 
very  often  cease  during  the  day.  Attacks  which  have  occurred  both  day  and 
night  often  cease  in  the  day  and  continue  in  the  night,  but  very  rarely  cease 
at  night,  and  continue  during  the  day. 

In  women,  attacks  often  occur  at  the  menstrual  period,  although  when 
closely  investigated  the  relation  is  not  found  to  obtain  in  more  than  about 
half  the  cases.  The  usual  relation  is  for  the  attack  to  occur  before  or 
(rather  less  frequently)  during  the  period,  rarely  after  it.  The  relation  does 
not  seem  to  be  connected  with  any  abnormal  state  of  the  uterine  organs. 

Death  is  a  rare  consequence  of  epilepsy,  especially  when  allowance  is 
made  for  the  frequency  of  the  disease  and  the  alarming  aspect  of  the  fits. 
When  it  does  occur  it  is  scarcely  ever  from  the  direct  effect  of  the  convul- 
sions, except  in  the  "  status  epilepticus."  It  usually  results  from  some  acci- 
dent to  which  the  fit  leads,  such  as  a  fall  into  the  water  or  a  burn.  It  may 
also  be  due  to  suffocation  produced  during  the  state  of  coma,  either  by 
vomited  food  getting  into  the  larynx  or  by  the  patient  in  bed  turning  over 
on  the  face. 

Pathological  Anatomy. — The  naked-eye  appearance  of  the  nerve  cen- 
tres in  epilepsy  is,  for  the  most  part,  that  of  healthy  organs.     In  cases  of 
i       long  duration  there  is  occasionally  slight  opacity  and  thickening  of  the 
\     meninges,  and  after  death,  in  the  status  epilepticus,  there  may  be  signs  of 
\  meningitis,  but  these  are  apparently  merely  secondary  changes.      If   the 
V  patient  has  died  in  a  fit  the  post-mortem  usually  shows  signs  in  all  organs  of 
Vthe  intense  venous  engorgement  which  is  so  conspicuous  during  life,  and 
small  extravasations  of  blood  may  be  found,  such  as  are  met  with  in  all  cases 
|)f  asphyxia.     Of  the  histological  changes  revealed  by  the  microscope,  most 
if  those  which  are  not  common,  apart  from  symptoms,  are  apparently  of 
i  econdary  origin,  the  result  and  not  the  cause  of  the  convulsions  ;  and  the- 
■  arious  changes  that  have  been  described  and  have  been  supposed  to  be 
:lated  to  the  origin  of  the  disease  have  probably  no  connection  with  it 


nd  do  not  even  deserve   enumeration.      It  is    probable  that  no  greater 

s  ignificance  is  to  be  ascribed  to  the  induration  of  the  cornu  ammonis  (pes 

1  ippocampi)  to  which  weight  has  been  attached  by  Meynert.     Nor  is  there 

t  present  much  likelihood  that  our  knowledge  will  be  more  definite.     The 

hanges  in  the  nerve  centres  are  probably  of  that  fine  kind  which  is  revealed 

l)nly  by  altered  function  and  eludes  the  most  minute  research. 

Pathology. — In  the  absence  of  any  help  from  anatomy  and  histology 
the  pathology  of  idiopathic  epilepsy  is  a  matter  of  hypothesis,  based  on  the 
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influence  of  organic  disease  in  causing  similar  symptoms,  on  the  results  of 
experiments  on  animals,  and  on  the  indications  afforded  by  a  study  of  the 
symptoms  in  the  light  of  cerebral  physiology. 

It  may  be  premised,  as  admitting  of  no  question,  that  the  muscular  spasm 
is  to  be  regarded  as  the  result  of  the  sudden  over-action  ("discharge  ")  of 
nerve  cells,  the  violent  liberation  of  nerve  force,  and  that  the  sensations 
which,  in  some  cases,  the  patient  experiences  before  losing  consciousness, 
must  [be  due,  directly  or  indirectly,  to  the  same  cause  (see  p.  1083).  The 
problem  is  how  this  over-action  is  brought  about  and  where  it  occurs. 

What  is  the  primary  seat  of  discharge  ?  Experiment  teaches  that  irritation 
of  both  the  cortex  cerebri*  and  the  medulla  oblongata f  may  cause  convul- 
sion. The  teaching  of  pathology  is,  that  disease  which  excites  convulsions 
is  most  frequently  at  the  cortex,  and  that  whenever  organic  disease  causes 
convulsions  that  begin  locally  the  disease  is  almost  invariably  at  the  cortex. 
In  idiopathic  epilepsy  the  convulsions  sometimes  begin  in  this  manner,  and 
this  suggests  very  strongly  that  in  such  cases  the  change  occurs  in  the 
cortex. 

A  further  study  of  the  mode  of  onset  throws  some  light  on  the  question, 
because  the  character  of  the  aura  indicates  the  function  of  the  part  in  which 
the  discharge  commences.  The  aurse  that  consist  in  a  disturbance  of  the 
function  of  the  special  sense  centres  indicate  that  the  discharge  commences 
in  those  centres,  that  is,  in  the  case  of  smell  and  vision,  at  least,  within  the 
cerebral  hemispheres.  In  all  cases  in  which  organic  disease  causes  convul- 
sions so  commencing  the  disease  has  been  in  or  close  to  the  cortex  (see  p. 
525).  The  warnings  which  consist  in  an  intellectual  process  or  an  emotion, 
also  point  to  the  cortex  as  the  seat  of  the  primary  discharge.  Thus,  the 
significance  of  all  the  facts  regarding  the  modes  of  onset  that  we  can  inter- 
pret is  that  the  discharge  in  epilepsy  begins  in  the  cortex  of  the  cerebral 
hemispheres.  The  conclusion  is  confirmed  by  rare  cases  in  which  a  lesion 
interrupting  the  internal  capsule  occurs  in  a  person  subject  to  general 
epileptic  fits.  The  effect  is  that  the  fits,  which  before  were  general,  almost 
cease  on  the  paralyzed  side.  J  Such  cases  show  that  the  discharge  causing 
the  general  convulsions  occurred  above  the  internal  capsule,  i.  e.,  in  the 
cortex  of  the  brain.  If  there  is  evidence  that  so  many  cases  of  idiopathic 
epilepsy  depend  on  discharge  of  the  gray  matter  of  the  cortex,  it  is  probable 
that  the  conclusion  is  true  of  all  cases.  The  wide  variety  of  aurse  seems  to 
show  that  the  primary  discharge  may  be  seated  in  various  parts  of  the  cor- 
tex. The  fact  that  the  first  discharge  may  be  uniform  in  character  in  the 
same  case — may  be  such,  for  instance,  as  to  cause  a  definite  and  even  com- 
plex sensation — can  only  be  explained  by  the  theory  that  the  derangement 
of  function  in  the  nerve  cells  is  inherent  in  them,  and  it  is  not  the  result  of 
any  random  influence  outside  them. 

*Ferrier,  Luciani,  Bartholow,  Horsely,  etc.         fBrown-Sequard,  Kussmaul,  Nothnagel. 
%  Oebeke  has  recorded  such  a  case,  and  I  have  met  with  a  similar  instance,  although  uncon- 
firmed by  autopsy. 
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All  parts  of  the  brain  are  intimately  connected,  and  the  sudden,  i.  e., 
instantaneous,  derangement  of  the  function  of  any  part  appears  incompatible 
with  the  integrity  of  consciousness.  This  is  shown  by  many  facts  of  organic 
disease.  Hence  it  is  intelligible  that  sudden  discharge,  wherever  it  occurs, 
may  cause  loss  of  consciousness.  But  if  there  is  reason  to  believe  that  sud- 
den discharge  may  occur  in  any  gray  matter  of  the  cortex,  it  may  occur  in 
that  which  subserves  directly  the  phenomena  of  consciousness,  and  a  sudden 
alteration  in  the  functional  state  of  these  structures  may  well  be,  as  Hugh- 
lings  Jackson  has  suggested,  the  most  probable  explanation  of  the  attacks 
which  consist  only  of  such  momentary  loss. 

It  is  necessary,  however,  to  allude  briefly  to  other  theories  which  have 
been  and  are  still  current  regarding  the  nature  of  epilepsy.  It  has  been 
widely  held  that  the  morbid  action  in  the  brain  is  excited  by  arterial  spasm 
causing  cerebral  anemia,  and  also  that  the  convulsions  originate  from  the 
primary  discharge  of  a  convulsive  centre  in  the  medulla,  but  that  the  loss  of 
consciousness  is  produced  by  vasomotor  spasm  in  the  brain.  In  each  theory 
it  is  assumed  that  the  vasomotor  spasm  is  due  to  the  sudden  over-action  of 
the  vasomotor  centre  in  the  medulla.  The  evidence  on  which  these  theories 
are  based  is  that  cerebral  anaemia  will  cause  loss  of  consciousness  and  con- 
vulsion,* and  that  at  the  onset  of  epileptic  fits  there  is  always  pallor  of  the 
face.  But  the  latter  statement  is,  as  we  have  seen,  incorrect.  If  it  were 
true  it  would  not  justify  the  conclusion  drawn  from  it.  We  do  not  infer  that 
the  brain  is  congested  whenever  the  face  blushes,  and  why  should  we  assume 
that  the  brain  is  anaemic  when  the  face  becomes  pale  ?  There  is  no  necessary 
correspondence  between  the  condition  of  vessels  in  the  skin  and  in  tne 
viscera  beneath,  and  probably  even  less  in  the  case  of  the  brain  than  of 
other  organs.  It  is  far  more  probable  that  the  spasm  of  the  vessels  of  the 
face  is  the  result  of  the  cerebral  discharge,  just  as  the  arteries  of  a  frog's  foot 
will  contract  when  its  brain  is  irritated.  In  rare  cases  in  which  an  early 
failure  of  the  heart  occurs,  this  may  also  be  the  effect  of  the  discharge, 
which,  as  it  often  influences  consciousness  first  through  the  central  connec- 
tion of  the  pneumogastric  (see  p.  1085),  may  also  affect  the  periphery  by  the 
same  channel.  That  sudden  anaemia  of  the  brain  will  cause  convulsions  is 
no  proof  that  the  fits  of  idiopathic  epilepsy  are  so  produced.  Such  a  theory 
can  give  no  explanation  of  the  complex  character  of  the  commencing  dis- 
charge, and  its  uniformity  in  the  same  patient. 

Thus  the  vasomotor  theory  of  epilepsy  is  alike  unneeded,  unproved,  and 
inadequate.  The  phenomena  indicate  that  there  is  discharge  of  gray  matter, 
and  there  is  nothing  to  warrant  us  in  going  beyond  the  gray  matter  con- 
cerned in  our  search  for  the  cause  of  the  discharge;  it  is  certain  that  this 
may  commence  in  various  parts  of  the  cerebral  hemispheres,  even  in  the 
cortex,  and  possible  that  it  may  begin  in  lower  centres,  even"  the  medulla. 
Epilepsy  must  then  be  regarded  as  a  disease  of  gray  matter,  most  frequently 
of  the  gray  matter  of  the  cortex. 

*  Kussmaul  and  Tenner. 
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Can  we  form  any  opinion  as  to  the  nature  of  the  change  in  the  gray  mat 
ter  which  permits  the  sudden  liberation  of  nerve  force  ?  It  is  necessary  t( 
remember  that  we  have  direct  evidence  only  of  liberation  of  force,  but  w 
must  recognize,  in  all  nerve  cells,  a  function  by  which  the  liberation  o 
energy  is  restrained,  a  resistance  to  action  as  well  as  a  capacity  for  action.5 
Of  the  nature  of  this  resistance  we  can  form  no  idea,  but  we  cannot  con 
ceive  of  the  function  of  cells  without  it,  and  the  idea  has  underlain  sucl 
expressions  as  "nerve  tension"  and  the  like,  which  have  been  lonj 
employed.  The  phenomena  of  epilepsy  suggest  that  the  instability  of  thi 
gray  matter,  its  tendency  to  discharge,  depends  on  instability  of  resistance 
rather  than  on  any  primary  change  in  the  energy-producing  action  of  thi 
cells,  although  the  latter  may  be  secondarily  augmented  by  the  increasec 
demand.  Analogy  suggests  that  the  internal  resistance  to  action  is  a  highe 
function  of  the  cells  than  the  production  of  force.  Hence  the  fact'tha 
there  is  over-action  is  consistent  with  the  evidence  that  there  is  imperfec 
nutrition.  Moreover,  the  view  that  it  is  the  resistance  which  is  unstable 
enables  us  to  understand  the  phenomena  of  inhibition  which  sometime 
occur  as  part  of  the  attack.  In  a  slight  degree  of  disturbance,  the  resistano 
may  be  suddenly  raised  instead  of  being  lowered.  It  is  possible  that  thi 
attacks  in  which  therens  loss  of  consciousness  only,  may  be  thus  producec 
— may  be  analogous  to  the  fits  in  which  there  is  sudden  darkness  rather  thai 
to  those  in  which  there  is  a  flash  of  light. 

Diagnosis. — The  first  point  in  the  diagnosis  of  epilepsy  is  the  recognitioi 
of  the  occurrence  of  attacks.  Convulsive  attacks,  which  occur  in  the  day 
tftne,  are  never  overlooked,  but  if  an  attack  occurs  during  sleep,  and  it 
onset  does  not  awaken  the  patient,  he  may  sleep  on  when  it  is  over,  and  b 
unaware  of  its  occurrence.  Often  there  are  some  subsequent  indications  o 
what  has  happened.  The  tongue  may  be  sore,  there  may  be  a  little  blooc 
on  the  pillow,  an  extravasation  beneath  the  conjunctiva,  ecchymoses  on  th< 
face,  or  a  severe  headache.  These  (except  the  last)  are  of  unequivocal  sig 
nificance,  but  the  patient  may  be  unaware  of  this,  and  I  have  known  noc 
turnal  attacks  to  occur  for  twenty  years,  without  the  patient  or  his  friend 
suspecting  the  fact.  Minor  seizures  are  also  often  unrecognized,  not  becaus 
they  are  unnoticed,  but  because  it  does  not  occur  to  the  patient  or  hi 
friends  that  they  are  of  any  significance.  Those  that  consist  only  in  a  sub 
jective  sensation  may  not  be  mentioned  by  the  patient.  It  is  usually  suffi 
cient  to  be  aware  of  their  common  forms,  and  to  inquire  for  these,  in  orde 
to  ascertain  their  occurrence. 

Certain  forms  of  minor  attack  may,  however,  be  confounded  with  othe 
paroxysmal  symptoms  of  different  nature.  The  simplest  form,  in  whicl 
there  is  merely  brief  unconsciousness,  is  not  only  called  a  "  faint,"  but  i 
often  supposed  to  be  actually  syncopal  in  nature.  The  distinction  fron 
syncope  rests,  first,  on  the  absence  of  obvious  exciting  influences,  such  a 
cause  ordinary  fainting.     Epileptic  faints  often  occur  when  the  patient  i 


*  Handfield  Jones,  Michael  Foster,  Ringer,  etc. 
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sitting  still,  in  a  cool  room,  under  no  excitement.  Consciousness  is  lost 
more  suddenly  in  epilepsy  than  in  syncope.  The  latter  is  usually  preceded 
by  a  sensation  of  faintness,  but  so  also,  sometimes,  are  the  minor  seizures 
of  epilepsy.  The  presence  of  this,  and  of  vague  "dizziness,"  palpitation 
of  the  heart,  nausea,  and  cephalic  sensation  other  than  pain,  is  of  little  diag- 
nostic significance.  On  the  other  hand,  the  absence  of  any  warning 
sensation,  or  the  occurrence  of  a  distinct  warning  other  than  those  just  men- 
tioned, is  in  favor  of  the  epileptic  nature  of  the  attack.  A  sudden  return 
of  normal  consciousness  is  in  favor  of  epilepsy.  If  a  normal  condition  is 
slowly  regained,  there  is  physical  prostration  in  syncope,  mental  confusion 
in  epilepsy,  and  in  the  former  the  pulse  at  the  wrist  is  often  scarcely  per- 
ceptible. The  passage  of  urine  during  the  attack,  muscular  spasm,  however 
slight,  and  automatic  action  or  mental  dullness  after  the  attack,  are  certain 
proof  of  its  epileptic  character.  In  many  cases  the  patient  has  had  other 
more  severe  seizures,  which  assist  the  diagnosis. 

The  attacks  characterized  by  vertigo  have  to  be  distinguished  from  other 
forms  of  sudden  giddiness.  The  latter  are  scarcely  ever  attended  by  loss  of 
consciousness,  and  are  usually  followed  by  long-continued  vertigo,  which 
persists  while  the  patient  is  recovering,  and  slowly  passes  away.  In  epilepsy 
there  is  generally  loss  of  consciousness,  and  the  patient  is  either  quickly  well, 
or  presents  some  mental  dullness  after  the  attack ;  the  vertigo  may  be  asso- 
ciated with  some  other  warning  sensation,  and  there  is  often  micturition. 
The  vertigo  most  likely  to  be  confounded  with  epilepsy  is  that  connected 
with  a  morbid  action  of  the  auditory  nerve,  "  labyrinthine  vertigo."  In 
addition  to  the  diagnostic  indications  just  mentioned,  there  is  usually,  in 
this  form,  slight  persistent  giddiness  in  the  intervals,  persistent  tinnitus 
aurium,  and  some  deafness.  In  epileptic  vertigo  there  may  be  an  auditory 
sensation,  with  giddiness,  as  the  aura  of  the  attack,  but  there  is  no  persistent 
tinnitus.  It  must  not  be  forgotten  that  auditory  vertigo  and  epilepsy  may 
be  associated.     I  have  seen  several  instances  of  this. 

If  a  patient  suffers  from  distinct  convulsion,  the  next  question  is,  are  the 
attacks  epileptic  or  hysteroid  ?  If  an  attack  can  be  witnessed,  the  nature  of 
the  convulsion  is  usually  obvious.  The  violent  tonic  spasm  and  shock-like 
clonic  spasm  of  the  typical  epileptic  fit,  with  complete  unconsciousness  and 
with  cyanosis,  and  also  the  brief  duration  of  the  attack,  are  wholly  unlike 
the  prolonged  tonic  contraction,  opisthotonos,  wild,  coordinated  move- 
ments, quick  clonic  spasm,  perverted  mental  state,  talking,  biting,  and  con- 
vergent strabismus  of  the  hysteroid  seizure.  More  difficulty,  however,  may 
be  presented  by  the  untypical  forms  of  epileptic  fits,  especially  by  those 
which  consist  only  of  tonic  spasm.  Evidence  of  their  epileptic  nature  is 
afforded  by  the  brevity  of  the  attacks,  their  suddenness  of  onset,  their  occur- 
rence apart  from  emotion  and  when  the  patient  is  alone,  and  the  absence  of 
hysteroid  symptoms.  When  an  attack  has  not  been  witnessed,  and  the  diag- 
nosis has  to  be  made  from  the  description  of  the  patient  or  friends,  it  is  a 
much  less  easy  task.  The  chief  diagnostic  indications  between  pure  epileptic 
and  pure  hysteroid  fits,  are  given,  in  tabular  form,  as  follows : — 
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Epileptic. 

Hysteroid. 

none 

any.  but  especially  unilateral  or 

epigastric  aurae 
always  sudden 
at  onset 
rigidity  followed  by  "jerking," 

rarely  rigidity  alone 

tongue 

frequent 

occasional 

never 

a  few  minutes 

to  prevent  accident 
spontaneous 

emotion. 

palpitation,  malaist,chokmg,  bi- 
lateral foot  aura. 

often  gradual. 

during  course, 

rigidity  or  "struggling,"  throw- 
ing about  of  limbs  or  head, 
arching  of  back. 

lips,  hands,  or  other  people  and 
things. 

never. 

never. 

frequent. 

more  than  ten  minutes,  often 
much  longer. 

to  control  violence. " 

spontaneous  or  induced  (water, 
etc.). 

Especial  care  should  be  taken,  in  asking  about  the  character  of  the  con 
vulsion,  to  avoid  a  leading  question,  and  if  suggestions  are  indispensable 
to  put  them  alternatively,  thus,  "  Should  you  say  that  the  patient  struggle 
or  jerked  during  the  fit?" 

If  there  is  evidence  that  the  visible  convulsion  is  hysteroid  in  character 
we  have  still  to  ascertain  whether  it  is  primary  or  is  consecutive  to  ai 
epileptic  seizure,  and  this  is  often  most  difficult.  When  the  initial  epilepti 
fit  is  severe,  its  occurrence  can  usually  be  ascertained,  and  tongue-bitinj 
alone  may  be  taken  as  establishing  its  occurrence.*  It  is  when  the  epilepti' 
attack  is  of  the  minor  form  that  the  diagnostic  difficulty  arises,  because  tin 
initial  stage  of  many  hysteroid  fits  has  a  pseudo-epileptic  aspect.  The  mos 
important  guide  is  the  fact  that  most  patients  in  whom  the  hysteroid  attack 
are  post-epileptic,  have  at  other  times,  or  have  had  in  the  past,  epileptic  fits 
major  or  minor,  without  this  sequel,  and  the  character  of  these  correspond 
to  the  commencement  of  the  compound  fit.  In  many  cases  the  character 
of  the  initial  stage  include  some  feature,  such  as  micturition,  which  is  con 
clusively  epileptic.  In  most  patients  who  have  had  attacks  at  short  interval 
during  several  years,  the  attacks  are  epileptic,  and  the  hysteroid  convulsioi 
is  secondary.  The  fact  that  the  patient  presents  other  symptoms  of  hysterii 
should  be  allowed  no  weight  until  all  indications  of  epilepsy  have  beer 
excluded,  because,  as  already  stated,  it  is  only  in  those  who  are  in  som( 
degree  the  subjects  of  hysteria  that  the  combination  occurs.  It  must  not  b< 
forgotten,  also,  that  separate  hysterical  and  epileptic  attacks  sometime! 
occur  in  the  same  individual. 

If  the  attacks  are  recognized  to  be  epileptic  in  character,  before  we  car 
refer  them  to  idiopathic  epilepsy,  we  have  to  ascertain  that  they  are  not  due 
to  reflex  irritation,  to  toxemia,  or  to  organic  brain  disease.  The  irritatior 
of  dentition,  intestinal  worms,  and,  occasionally,  indigestible  food,  are  the 
most  frequent  causes  of  fits  that  may  be  confounded  with  those  of  epilepsy. 


*  It  is  said  that  French  hysterics  bite  their  tongues  during  the  attacks, 
tongue-biting  is  practically  confined  to  epilepsy. 
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In  all  cases  in  which  the  convulsions  are  of  recent  origin,  these  causes  should 
be  sought  for  and  excluded,  if  necessary,  by  treatment.  There  is  no  other 
way  of  avoiding  error,  since  the  indications  derived  from  the  character  of 
the  attacks  is  an  uncertain  criterion.  It  must  be  remembered  that  fits  may 
be  at  first  of  reflex  origin,  and  may  persist,  when  the  peripheral  irritation 
is  removed,  as  idiopathic  epilepsy.  It  is  most  unlikely  that  fits  that  have 
continued  for  more  than  a  year  are  still  due  to  reflex  influences. 

Convulsions  that  are  due  to  blood  states  (alcohol,  lead,  uraemia)  are  rarely 
confounded  with  those  of  epilepsy,  because  they  are  merely  part  of  a  group 
of  symptoms  of  obtrusive  significance.  The  importance  of  an  examination 
of  the  urine  in  all  doubtful  cases  need  not  be  insisted  on.  The  recurring 
fits,  which  may  occur  in  chronic  Bright's  disease  without  other  signs  of 
uraemia,  and  in  some  cases  of  lead  poisoning,  may  resemble  epilepsy  very 
closely,  and  are  to  be  distinguished  only  by  the  discovery  of  the  underlying 
condition. 

The  problem  of  the  diagnosis  of  epilepsy  from  the  convulsions  of  organic 
brain  disease  presents  many  aspects,  and  is  of  great  importance.  Those  con- 
vulsions which  attend  a  sudden  acute  cerebral  lesion  are  not  likely  to  be  mis- 
taken for  epilepsy,  nor  is  the  converse  mistake  probable,  except  during  the 
transient  "post-convulsive"  weakness  after  a  first  unilateral  fit.  Chronic 
brain  disease,  however,  may  cause  convulsions  readily  mistaken  for  those  of 
epilepsy.  Those  convulsions  usually  begin  locally,  and  may  be  partial  in 
range.  This  character,  while  it  suggests,  does  not  prove,  that  they  have  this 
origin,  since  the  convulsions  of  idiopathic  epilepsy  may  commence  in  a 
similar  manner,  and  moreover  the  convulsions  of  organic  disease  may  not 
begin  locally,  but  may  be  at  once  general.  For  the  diagnosis  a  careful 
search  must  be  made  for  other  symptoms  of  organic  disease,  persistent  head- 
ache, permanent  hemiplegic  weakness  (not  merely  after  an  attack),  paralysis 
of  cranial  nerves  (especially  diplopia),  vomiting,  and  optic  neuritis.  The 
importance  of  an  ophthalmoscopic  examination  in  such  cases  cannot  be  too 
strongly  insisted  on.  In  any  case  of  doubt,  causal  influences  may  be  allowed 
weight.  A  history  of  syphilis,  which  so  often  causes  cortical  disease  and 
convulsions,  on  the  one  hand,  or  a  family  history  of  epilepsy  or  insanity  on 
the  other,  may  rightly  turn  the  diagnostic  scale. 

Convulsions  may  be  due  not  only  to  active  brain  disease,  but  to  the  influ- 
ence of  an  old  cerebral  lesion,  an  atrophied  tumor,  and  especially  a  spot  of 
old  softening.  In  the  former  case  the  diagnosis  rests  on  the  history  of  the 
early  symptoms.  The  latter  are  the  cases  of  post-hemiplegic  epilepsy  already 
described.  The  distinction  of  these  from  ordinary  epilepsy  is  easy,  if  dis- 
tinct hemiplegia  persists,  but  may  be  difficult  if  this  has  passed  away.  The 
difficulty  arises  only  in  the  cases  which  date  from  childhood.  In  all  such 
cases,  if  the  fits  are  unilateral,  careful  search  should  be  made  for  signs  of 
weakness  or  of  spasmodic  over-action.  Slight  traces  of  the  latter  are  signifi- 
cant. The  circumstances  of  origin  should  also  be  ascertained.  In  infancy 
trifling  hemiplegia  is  readily  overlooked,  and  if  the  first  convulsions  were 
severe  and  unilateral,  corresponding  in  seat  to  those  which  still  occur,  the 
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case  is  probably  post-hemiplegic,  even  though  no  hemiplegia  was  noted,  am 
although  an  interval  of  years  elapsed  between  the  initial  convulsions  an( 
their  recurrence.  Epileptoid  fits  may  be  an  early  symptom  of  genera 
paralysis  of  the  insane,  but  the  tremor  of  lips  and  tongue,  the  unequal  pupils 
and  the  mental  change  render  the  diagnosis  easy  in  most  cases. 

The  simulation  of  an  epileptic  fit  is  on  the  whole  rare,  and  the  pretendec 
fit  never  closely  resembles  a  genuine  seizure.  In  all  cases  the  perfect  reac 
tion  of  the  pupil  to  light  throughout  the  fit  will  be  conclusive  evidence.  Toi 
much  weight  must  not  be  placed  on  the  untypical  character  of  the  attack 
because  true  epileptic  fits  may  deviate  much  from  the  usual  type. 

Prognosis. — The  risk  to  life  in  epilepsy  is  not  great.  The  mere  violeno 
of  the  fit,  appalling  as  may  be  its  aspect,  rarely  causes  death.  The  danger 
ous  "  status  epilepticus "  is  too  exceptional  to  constitute  a  measurable  ele 
ment  in  the  prognosis.  The  greatest  danger  is  in  the  cases  in  which  then 
is  a  tendency  to  turn  on  the  face,  or  to  vomit  after  a  fit,  but  even  this  i 
slighter  than  that  of  the  accidents  to  which  the  attacks  expose  the  patient 
Many  epileptics  die  by  drowning;  the  fit  not  only  occasions  the  fall  into  th< 
water  but  prevents  any  effort  to  escape,  and  hence  an  epileptic  has  more  thai 
once  been  drowned  in  a  ditch. 

The  prospect  of  a  spontaneous  cessation  of  the  fits  is  small ;  the  tendency 
of  the  disease  is  to  self-perpetuation.  Occasionally  convulsions  during 
infancy  cease  at  four  or  five  years  of  age.  Attacks  which  have  continuec 
till  puberty  rarely  cease  at  that  epoch.  After  twenty,  spontaneous  cessatioi 
does  sometimes  occur,  and  I  believe  that  it  becomes  more  frequent  as  lift 
advances,  but  it  is  too  rare  to  be  reckoned  on. 

The  chief  question,  therefore,  is — what  is  the  prospect  that  the  diseas< 
will  be  cured,  or  held  in  abeyance,  by  treatment?  We  cannot,  at  present 
separate  the  two  points,  and  the  only  way  known  of  curing  the  disease  is  t( 
keep  the  fits  away  for  a  sufficient  length  of  time  to  permit  the  morbid  ten 
dency  to  subside.  Hence  the  question  resolves  itself  into  the  probability  o 
complete  arrest.  The  prospect  of  arrest  is  slightly  better  in  males  thar 
females,  better  if  the  disease  begins  after  twenty  than  before,  and  better  th< 
shorter  the  duration  of  the  disease,  being  greatest  in  the  cases  in  which  ii 
has  existed  for  less  than  a  year.  It  is  rather  easier  to  arrest  the  fits  wher 
there  is  an  hereditary  tendency  than  when  there  is  not — a  curious  fact  whicl 
was  also  pointed  out  by  Herpin.  The  presence  or  absence  of  an  exciting 
cause  for  the  first  fit  does  not  influence  the  prognosis.  A  longer  interva 
between  the  fits  increases  the  prospect  of  arrest;  this  is  extremely  rare  if  fit! 
occur  daily.  But  this  consideration  is  interfered  with  by  the  great  difficult) 
of  getting  patients  whose  fits  occur  at  long  intervals  to  persevere  with  treat' 
ment.  The  prognosis  is  better  if  the  fits  occur  only  during  the  sleeping  01 
the  waking  state,  than  if  they  occur  in  both.  It  is  better  if  there  is  no  con- 
siderable mental  change  and  if  the  attacks  are  all  of  the  severe  variety,  thar 
if  there  are  minor  seizures,  and  better  if  the  attacks  are  preceded  by  an  aun 
than  if  they  occur  without  warning.  In  cases  of  post-hemiplegic  epileps) 
the  prognosis  is  much  less  favorable  than  in  the  idiopathic  cases. 
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Treatment. — The  treatment  of  epilepsy  consists  partly  in  the  general 
management  of  the  patient,  and  partly  in  the  administration  of  drugs  to 
influence  the  attacks — to  arrest  their  occurrence,  or,  failing  this,  to  render 
them  less  frequent  and  less-severe.  Unfortunately,  the  influence  of  all  drugs 
is  transient,  and  has  to  be  repeatedly  renewed.  No  means  is  known  of  sud- 
denly curing  the  disease,  of  suddenly  effecting  such  a  change  in  the  nerve 
centres  that  the  attacks  do  not  again  occur,  nor  are  there  at  present  any 
facts  which  render  it  likely  that  such  means  will  be  discovered.  The  only 
method  of  producing  such  a  change  is  by  the  continued  administration  of 
drugs  for  a  long  time,  so  as  to  prevent  the  occurrence  of"  the  nervous  dis- 
charge and  thus  to  produce  such  a  change  in  the  cells  that  the  medicine 
may  ultimately  be  discontinued  without  a  recurrence  of  attacks.  It  is  of 
great  importance  that  this  need  for  prolonged  treatment  should  be  made 
clear  to  all  patients,  and  its  reason  to  all  those  who  can  understand  it. 

Since  the  introduction  of  bromide  salts  for  the  treatment  of  epilepsy  they 
have  superseded  other  drugs  to  a  large,  and  some  think  too  great,  extent. 
In  the  majority  of  cases  their  influence  is  incomparably  greater  than  that  of 
any  other  remedies,  but  in  a  minority  of  cases  they  fail,  and  in  some  of  these 
other  agents  are  more  powerful.  They  only  do  permanent  good  by  con- 
tinued administration.  The  absence  of  a  permanent  effect  from  a  short 
course  of  treatment  is,  however,  equally  conspicuous  in  the  case  of  other 
remedies.  Bromides  are  said  to  cause  contraction  of  the  small  arteries  of 
the  brain,  but  it  is  exceedingly  doubtful  whether  any  part  of  their  influence 
in  epilepsy  is  due  to  this  action.  They  lower  reflex  action  in  the  spinal 
cord,  and  this  effect  shows  that  they  have  a  direct  action  on  the  nerve  cells. 
On  any  theory  of  epilepsy  we  must  ascribe  it  ultimately  to  the  disturbed 
action  of  nerve  cells  in  some  situation,  and  it  is  unnecessary  to  go  beyond 
this  influence  of  bromide  on  nerve  cells  to  explain  its  action.  If  we  regard 
the  morbid  state  in  epilepsy  as  an  instability  in  the  resistance  of  nerve  cells, 
it  seems  probable  that  the  effect  of  bromide  is  to  increase  the  stability  of  that 
resistance. 

The  bromides  of  potassium,  sodium  and  ammonium  are  extensively  used, 
and  bromide  of  lithium  is  occasionally  employed ;  some  authorities  express 
a  preference  for  one,  some  for  another,  some  for  a  combination.  My  own 
experience  has  been  that  the  influence  of  each  on  the  disease  is  nearly  tne 
same,  but  that  the  bromides  of  sodium  and  lithium  are  rather  less  effective 
than  the  others,  and  that  the  bromide  of  potassium  is  a  little  better  borne 
than  the  bromide  of  ammonium.  It  is  probable  that  very  little,  if  any,  of 
the  bromide  salt  is  decomposed  in  the  system,  and  that  the  alkali  does  not 
exert  its  own  isolated  action.  The  administration  of  free  bromine  has  been 
suggested,  but  it  is  difficult  to  give  it  in  sufficient  quantity,  and  it  must  be 
transformed  into  bromide  as  soon  as  it  enters  the  alkaline  blood.  This  is 
true  also  of  hydrobromic  acid.  No  salt  of  bromine  has  much  less  tendency 
than  another  to  produce  acne,  and  this  can  always  be  prevented  or  rendered 
extremely  slight  by  giving  arsenic  at  the  same  time. 

Bromide  is  usually  given  continuously  in  the  smallest  doses  which  will 
69 
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arrest  the  fits,  or,  failing  this,  in  such  doses  as  produce  the  most  marked 
effect  upon  them.  When  the  fits  occur  at  a  certain  time  one  daily  dose  may 
be  given  two  or  three  hours  earlier.  If  the  attacks  occur  at  various  times 
the  bromide  must  be  taken  two  or  three  times  a  day.  The  total  daily  quan- 
tity may  vary  between  fifteen  grains  and  two  drachms,  according  to  the  age 
of  the  patient  and  the  effect  of  the  drug.  Few  patients  are  able  to  bear  more 
than  a  drachm  and  a  half  a  day  without  becoming  what  is  termed  "  bro- 
mised,"  lethargic  and  dull,  physically  and  mentally,  with  cold  extremities, 
and  a  feeble  pulse ;  the  best  results  are  usually  obtained  with  not  more  than 
a  drathm  a  day.  If  this  does  not  arrest  the  attacks,  larger  doses  rarely  suc- 
ceed, and  combinations  of  bromide  with  other  drugs  are  more  useful.  The 
effect  of  bromide  is  sometimes  immediate :  after  the  first  dose  the  attacks 
may  cease  ;  often,  however,  its  influence  is  gradually  produced.  When  the 
attacks  have  ceased  under  its  administration,  they  too  often  relapse  if  it  is 
discontinued,  and  then  are  less  easily  arrested  than  at  first.  Relapse  usually 
occurs  within  a  few  weeks  (sometimes  within  a  few  days)  of  a  too  early  ces- 
sation of  treatment ;  after  a  year  of  freedom  without  treatment  it  is  probable 
(though  not  certain)  that  the  disease  will  'not  recur.  As  a  rule,  bromide 
should  be  continued,  without  any  diminution  of  the  dose,  for  two  years  aftei 
the  last  fit.  It  should  not  then  be  suddenly  discontinued,  but  the  daily  dose 
should  be  gradually  lessened  through  another  year.  The  continued  use  ol 
bromide  in  moderate  doses  has  no  necessary  influence  on  the  general  health 
or  intellectual  energy.  At  first,  however,  some  cerebral  depression  ma) 
often  follow  the  arrest  of  fits  (see  p.  1094),  and  this  is  often  erroneousl) 
regarded  as  the  effect  of  the  bromide  alone.  If  moderate  in  degree  it  ii 
better  to  combat  it  by  tonics  than  to  reduce  the  bromide.  Occasionall) 
the  depression  becomes  so  alarming  that  it  is  necessary  to  stop  or  lessen  th( 
medicine  and  allow  a  fit  to  occur,  and  to  go  on  with  smaller  doses. 

In  order  to  facilitate  the  occurrence  of  the  change  in  the  nutrition  of  th< 
nerve  cells  which  we  must  assume  to  underlie  the  cure  of  epilepsy  by  bro 
mide,  I  have  found  it  well,  in  cases  in  which  a  moderate  dose  stops  the  fits 
to  administer  a  series  of  large  doses  at  increasing  intervals,  beginning  wit! 
two  drachms  every  second  morning,  and  increasing  to  three  drachms  ever; 
third  morning,  and  four  every  fourth  ;*  the  dose  and  interval  arc  thei 
reduced  in  the  reverse  order,  so  as  to  spread  the  course  over  about  six  weeks 
The  dose  should  be  given  after  breakfast,  in  about  half  a  pint  of  water 
After  such  a  course,  if  the  bromide  is  discontinued,  patients  remain  frei 
from  fits  much  longer  than  after  bromide  has  been  given  for  the  same  tinn 
in  ordinary  doses,  showing  that  more  effect  on  the  nerve  elements  has  beei 
produced.  But  a  permanent  result  is  seldom  obtained  from  such  a  cours 
alone ;  it  is  still  necessary  to  continue  small  doses  for  a  year  or  more, 
believe,  however,  that  the  prospect  of  cure  is  increased  by  this  treatment. 

*  I  have  many  times  gone  up  to  ounce  doses  every  five  days  (more  is  usually  vomited 
but  slight  mental  derangement,  lasting  for  a  few  weeks,  is  apt  to  be  set  up.  The  chit 
immediate  effect  of  a  dose  of  four  to  eight  drachms  is  headache. 
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When  bromide  alone  fails,  it  may  succeed  when  combined  with  certain 
other  drugs,  most  of  which  have  by  themselves  some  influence  on  the 
disease.  One  of  these  is  digitalis,  a  popular  remedy  for  epilepsy  in  the 
west  of  England  two  centuries  ago.  The  combination  is  useful,  as  might  be 
expected,  when  there  is  cardiac  dilatation  and  valvular  disease,  but  it  is  also 
specially  useful  in  nocturnal  epilepsy,  and  in  some  other  cases.  Digitalis 
probably  has  an  action  on  the  central  nervous  system,  as  well  as  on  that  of 
the  heart  and  vessels,  although  some  part  of  its  influence  may  be  due  to  the 
regulation  of  the  blood  supply.  Five  or  seven  minims  of  the  tincture  may 
be  given  with  each  dose  of  bromide.  Another  combination  of  value  is  that 
with  belladonna,  which  is  also  an  old  remedy,  and,  although  very  rarely 
successful  alone,  it  is  a  useful  adjuvant,  in  doses  of  five  or  ten  minims  of  the 
tincture.  Atropine  may  be  given  instead,  one  or  two  drops  of  the  B.  P. 
solution. 

Cannabis  indica  is  occasionally  beneficial,  both  alone  and  in  combination 
with  bromide  ;  the  combination  is  most  useful  in  cases  with  a  good  deal  of 
persistent  headache.  Opium  and  its  alkaloid  morphia  are  of  little  service 
in  epilepsy.  The  hypodermic  injection  of  morphia  in  full  doses  is  attended 
with  considerable  danger.  If  an  attack  occurs  after  the  injection  has  been 
given,  and  the  post-epileptic  coma  coincides  with  the  narcotism,  the  patient's 
life  may  be  in  great  danger,  and  I  have  known  death  to  occur,  apparently 
from  this  cause. 

Zinc  has  long  been  held  in  repute,  and  with  some  reason.  It  is  far  infe- 
rior to  bromide  in  most  cases,  but  now  and  then  succeeds  when  bromide 
fails.  The  lactate  of  zinc,  introduced  by  Herpin,  is  the  most  convenient 
form ;  it  is  the  most  soluble  of  the  less  irritant  salts  of  zinc,  and  if  given 
after  meals,  it  can  generally  be  increased  to  eight  or  ten  or  even  fifteen 
grains  twice  or  three  times  a  day,  without  producing  nausea.  The  oxide  of 
zinc  may  be  given,  if  the  lactate  is  not  accessible,  but  the  limits  of  tolera- 
tion are  sooner  reached.  The  citrate  answers  almost  as  well  as  the  lactate. 
The  bromide  of  zinc  is  far  inferior  in  utility.  The  lactate  may  be  com- 
bined with  belladonna  or  with  bromide,  and  the  combination  of  the  three 
sometimes  succeeds  when  each  alone  fails. 

Iron,  in  the  opinion  of  some  distinguished  authorities,  should  not  be 
given  to  epileptics,  because  it  is  thought  to  increase  the  frequency  and 
severity  of  the  fits.  This  opinion,  as  a  general  principle,  is  certainly  erro- 
neous. I  have  given  iron  to  several  hundred  epileptics,  and  instances  of 
apparent  aggravation  of  attacks  are  extremely  rare.  In  most  cases  it  may 
be  given  without  any  ill  effect  on  the  disease,  and  in  some  its  use  is  dis- 
tinctly beneficial.  I  have  known  attacks  to  cease  entirely  when  iron  was 
added  to  bromide,  and,  in  rare  cases,  when  iron  was  substituted  for  bro- 
mide. Care  must,  of  course,  be  taken  not  to  ascribe  to  the  iron  any  effect 
of  the  discontinuance  of  the  bromide.  Iron  seems  to  have  a  direct  action 
on  the  nerve  centres,  analogous  to  that  of  zinc. 

In  some  cases  of  inveterate  epilepsy,  in  which  bromide  had  no  influence, 
I  have  found  borax  distinctly  useful.     From  fifteen  to  thirty  grains  may  be 
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given  after  food  three  times  a  day,  and  it  may  be  continued  for  years  with- 
out any  ill  effect  beyond  a  possible  eruption  of  psoriasis,  amenable  to 
arsenic.  A  little  gastro-enteric  disturbance  may  occur  at  the  commence- 
ment of  administration,  but  quickly  ceases  if  the  dose  is  lessened.  Of 
course,  the  influence  of  borax  is  not  comparable  to  that  of  bromide  in  cases 
in  which  this  is  effective. 

Nitroglycerine  has  been  lately  praised  as  a  remedy  for  the  minor  attacks 
(Hammond).  It  may  be  given  in  doses  of  j^  of  a  grain  to  begin  with, 
increased  gradually  to  ^\.  In  most  cases  it  fails,  but  in  a  few  it  has  a  dis- 
tinct influence.  In  one  case,  with  rather  severe  fits,  these  became  fewer  as 
the  dose  was  increased,  and  finally  ceased  when  the  patient  was  taking  -fa 
grain,  and  did  not  again  recur.  Among  other  drugs  which  I  have  tried 
without  seeing  benefit,  other  than  slight  and  rare,  from  their  use,  are  aconite, 
hydrocyanic  acid,  bromide  of  camphor,  nitrite  of  soda,  nitrite  of  amyl  (by 
the  mouth),  chloral  hydrate,  paraldehyde,  benzoate  of  soda,  Piscidia  ery- 
thrina,  Calabar  bean,  ergot,  sclerotic  acid,  codeia,  and  cocculus  indicus. 
It  is  singular  that  the  latter,  injected  beneath  the  skin,  will  infallibly 
produce  a  fit  in  an  epileptic  patient.  From  nitrate  of  silver  I  have  seen 
little  benefit,  and  I  have  had  among  my  patients  several  who  were  dis- 
colored by  it,  in  the  prebromidic  days,  without  any  alteration  in  the 
severity  of  the  attacks. 

The  treatment  of  minor  attacks  is  on  the  whole  the  same  as  of  the  severer 
seizures.  They  are  often  arrested  by  bromide,  but  it  is  far  more  common 
for  bromide  to  have  no  influence  in  the  case  of  petit  mat  than  in  convulsive 
attacks.  The  latter  may  be  arrested  and  the  former  may  continue  or  even 
become  more  frequent.  The  other  drugs  above  mentioned  are  sometimes 
effective  when  bromide  fails,  especially  the  salts  of  zinc,  belladonna  and 
Indian  hemp. 

Arrest  of  Attacks. — The  means  by  which  commencing  fits  maybe  arrested 
have  been  already  mentioned.  In  attacks  commencing  in  one  extremity, 
the  ligature  is  often  successful.  The  most  convenient  method  of  applying 
it  is  for  the  patient  to  double  a  piece  of  tape,  and  pass  it  round  the  arm 
above  the  elbow,  with  the  ends  through  the  loop  formed  by  the  doubled 
part,  and  brought  down  to  the  lower  part  of  the  sleeve  so  as  to  be  accessible, 
and  easily  pulled  tight,  as  soon  as  the  warning  is  felt.  Now  and  then  the 
repeated  arrest  of  fits  produces  a  permanent  effect ;  in  one  patient,  for 
instance,  the  aura  ultimately  stopped  spontaneously  at  the  place  where  it  had 
been  many  times  arrested  by  the  ligature.  In  cases  of  this  kind  it  has  been 
proposed  to  produce  a  more  permanent  effect  by  a  blister  around  the  limb.* 
It  is  occasionally  successful.  But  the  arrest  of  the  fit,  by  the  ligature  or  a 
blister,  sometimes  causes  so  much  giddiness  and  distress,  that  patients  may 
consider  the  remedy  worse  than  the  disease. 

Of  methods  of  arresting  fits  which  begin  in  other  ways,  inhalation  of 
nitrite  of  amyl  is  the  most  frequently  (though  not  invariably)  successful ;  it 

*  An  old  method  of  treatment,  revived  by  Brown-Sequard  and  Buzzard. 
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doubtless  acts  by  flooding  the  brain  with  arterial  blood,  a  potent  agent  for 
modifying  the  action  of  the  nerve  elements. 

During  an  attack  little  treatment  is  necessary.  In  patients  who  bite  the 
tongue,  a  cork  or,  better,  a  small  piece  of  india  rubber,  placed  between  the 
teeth  may  prevent  this  accident.  The  patient  should  be  laid  down,  for 
obvious  reasons ;  it  is  doubtful,  however,  whether  posture  influences  the 
duration  or  severity  of  the  attacks.  It  is  necessary  to  see  that  the  clothes 
are  loose  about  the  neck ;  if  they  are  tight  when  the  neck  becomes  turgid 
and  swollen,  the  resistance  to  the  return  of  blood  is  increased,  and  the  extra- 
vasations into  the  skin  and  conjunctivae  are  more  probable.  After  the  attack 
the  patient  should  be  allowed  to  sleep,  if  inclined  to  do  so,  for  at  least  half 
an  hour. 

In  the  status  epilepticus  bromide  often  fails.  The  inhalation  of  chloro- 
form usually  effects  only  a  transient  amelioration.  Nitrite  of  amyl  has  been 
recommended  by  Crichton-Browne.  In  the  cases  I  have  seen,  most  influ- 
ence has  been  exerted  by  chloral  (gr.  xv  every  three  or  four  hours),  subcu- 
taneous injections  "of  morphia  (gr.  -Jj-),  and  the  application  of  ice  to  the 
spine. 

General  Management. — It  has  been  recommended,  on  theoretical  grounds, 
that  the  diet  of  epileptics  should  contain  little  or>no  animal  food.  The 
evidence  of  experience,  as  far  as  I  have  seen,  is  opposed  to  this  opinion.  I 
have  known  the  exclusion  of  meat  from  diet  to  cause  a  great  increase  in  the 
severity  of  the  fits,  which  became  slighter  when  meat  was  again  given ;  and 
I  believe  that  patients  do  best  if  a  moderate  quantity  of  animal  food  is  given 
twice  a  day,  care  being  taken  to  avoid  that  which  is  indigestible.  I  have 
known  one  case,  however,  in  which  the  patient  could  never  take  beef  without 
bringing  on  an  attack,  although  he  could  take  other  kinds  of  meat  with  im- 
punity. Stimulants  should  be  taken  sparingly  ;  young  persons  can  do  better 
without  alcohol.  In  all  cases  it  is  most  important  that  the  regular  action  of 
the  bowels  should  be  secured. 

Moderate  exercise  of  body  and  mind  does  good,  but  severe  and  exhausting 
exertion  is  undesirable,  and  the  excitement  of  competitive  and  other  exam- 
inations should  be  avoided.  The  education  of  children  should  not  be 
entirely  neglected.  It  must  be  remembered  that  there  are  many  positions 
in  life  for  which  epilepsy  constitutes  no  insuperable  disqualification  and  for 
which  they  may  be  trained  should  the  disease  not  be  arrested.  In  this 
choice  of  an  occupation,  so  much  depends  upon  personal  opportunities  that 
it  is  difficult  to  lay  down  general  rules.  But  there  is  one  consideration  to 
which  all  others  must  be  subordinate — the  calling  must  be  one  which 
involves  no  risk  of  life  from  the  occurrence  of  an  attack  while  the  patient 
is  at  work.  An  outdoor  life  is  better  than  a  sedentary  occupation,  but  the 
choice  of  the  latter  is  so  much  larger  that  in  most  cases  a  sedentary  calling 
has  to  be  selected. 

The  question  of  marriage  presents  itself  under  two  aspects,  as  regards  the 
individual  and  as  regards  the  possible  offspring.  Marriage  has  no  influence 
on  the  disease,  beneficial  or  the  reverse,  except  so  far  as   it  may  involve 
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deleterious  sexual  excess.  But  with  reference  to  the  offspring  the  question 
is  very  important.  There  is  no  certainty  that  the  taint  will  be  transmitted  ; 
on  the  contrary,  as  regards  any  individual  child  there  is  a  probability  that 
it  will  escape.  But  the  probability  is  also  against  the  escape  of  all  the  off- 
spring from  diseases  of  the  nervous  system,  especially  if  the  disease  in  the 
parents  is  inherited. 

Surgical  Treatment. — Counter-irritation  in  the  neck  or  scalp  has  been 
often  employed,  the  usual  method  being  by  a  seton  in  the  neck.  That  it 
occasionally  does  good  is  undeniable,  and  the  same  is  true  of  an  extensive 
accidental  burn.  In  most  cases  the  effect  is  temporary  only.  Trephining, 
an  old  remedy,  has  been  lately  brought  into  fresh  prominence.  The  mere 
formation  of  a  hole  in  the  skull,  without  interference  with  the  brain,  has 
been  employed  in  many  cases  of  idiopathic  epilepsy,  but  the  results  obtained 
are  little  better  than  those  of  a  seton  in  the  neck,  and  it  is  doubtful  whethei 
the  operation  has  other  influence  than  that  of  an  energetic  counter-irritation. 
But  the  local  commencement  of  the  fit  in  one  limb  means  local  excessive 
instability  in  the  corresponding  cortical  centre,  and  in  some  cases  it  means 
also  old  organic  disease.  (When  there  is  active  disease  there  is  probably  a 
tumor,  and  such  cases  have  been  already  considered.)  The  question  comes, 
Is  the  removal  of  such  disease  justifiable  ?  The  answer  must  depend  on  the 
character  of  the  fits.  If  many  of  these  are  local  and  partial,  and  there  is 
reason  to  believe  that  there  is  disease  that  can  be  completely  removed,  an 
operation  is  justifiable.  If,  on  the  other  hand,  the  fits  generally  spread 
through  the  whole  of  one  side,  and,  still  more,  if  they  often  spread  to  the 
other  side,  the  probability  of  benefit  is  too  small  to  justify  the  very  consid- 
erable risk  of  the  operation.  Apparently  the  repeated  discharges  lead  to  so 
wide  a  deficiency  in  the  stability  of  the  nerve  cells  that  the  discharge  starts 
from  other  regions  if  the  primary  lesion  is  removed.  Hence  the  operation 
should  never  be  thought  of  in  a  case  of  idiopathic  epilepsy  in  which  the  fits 
begin  locally,  because  it  is  certain  that  the  discharging  tendency  is  wide- 
spread  and  almost  certainly  adequate,  in  other  parts,  to  cause  fits. 

Ligature  of  the  carotid  artery  has  been  performed  without  result.  Liga 
ture  of  one  or  both  vertebrals  has  been  practiced  by  Dr.  Alexander,  o 
Liverpool,  as  a  cure  for  epilepsy,  but  the  results  obtained  are  not  commen 
surate  with  the  risk. 

CONVULSIONS :  ECLAMPSIA. 
Convulsions,  resembling  more  or  less  closely  those  of  epilepsy,  may  occui 
from  various  causes.  In  epilepsy,  however  the  disease  was  originall) 
excited,  the  recurring  convulsions  are  the  result  solely  of  the  tendency  o 
the  brain  to  "discharge,"  and  no  causal  influence  outside  the  brain  can  b< 
discovered.  When  such  fits  are  due  to  some  other  cause,  they  are  called 
simply  "convulsions."  But  this  term  has  also  a  wider  application ;  it  i! 
applied  to  the  fits  of  epilepsy  and  also  to  those  that  are  produced  by  organic 
brain  disease.  Hence  the  word ,"  eclampsia  "  has  come  to  be  used  as  £ 
name  for  the  condition  in  which  convulsions  occur  from  other  causes  thai- 
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primary  states  of  the  brain.  In  epilepsy  the  convulsions  themselves  are  the 
sole  evidence  of  their  cause  ;  in  eclampsia,  the  cause  of  the  fits  manifests 
itself  by  other  symptoms,  often  by  symptoms  outside  the  nervous  system. 

The  term  "eclampsia"  is,  however,  chiefly  used  as  a  designation  for 
convulsions  that  recur.  It  is  not  applied  to  the  single  fit  that  a  child  may 
have  at  the  onset  of  an  acute  fever,  or  in  consequence  of  an  indigestible 
meal.  Moreover,  the  convulsive  attacks  that  form  part  of  the  manifesta- 
tions of  hysteria  are  also  excluded  from  the  meaning  of  the  term.  There 
are  three  special  varieties  of  eclampsia — infantile,  puerperal,  and  ursemic. 

INFANTILE  CONVULSIONS  :  INFANTILE  ECLAMPSIA. 

Convulsions  occur  in  young  children  with  great  readiness,  and  have  many 
causes.  The  special  liability  of  infants  is  probably  due  to  the  condition  of 
development  of  the  nervous  system.  At  the  time  of  birth,  only  parts  of  it 
are  structually  complete.  Extensive  tracts  of  fibres  have  not  yet  acquired 
their  white  medullary  substance,  and  until  the  axis  cylinders  are  thus  clothed, 
the  fibres  have  but  little  conducting  power,  although  it  is  probable  that  such 
power  is  not  altogether  absent.  But  the  lower  centres  are  further  advanced 
than  the  higher  ones,  and  are,  in  consequence,  imperfectly  controlled. 
This  is  probably  the  chief  reason  why  reflex  disturbance  so  readily  occurs  in 
early  childhood.  By  far  the  most  potent  cause  of  convulsions  in  children 
is  the  constitutional  condition  termed."  rickets."  The  essential  element  in 
rickets  is  defective  development;  the  perversion  of  development  that  occurs 
[e.  g.  in  the  bones)  is  secondary  to,  and  consequent  on,  its  defect.  At  the 
time  at  which  this  constitutional  state  chiefly  occurs,  the  structural  develop- 
ment of  the  nervous  system  is  complete.  But  it  is  probable  that  functional 
capacity  is  only  fully  developed  after  structural  perfection,  and  the  parts  last 
developed  may  suffer  from  the  general  delay  in  development  more  than 
those  parts  that  have  been  longer  perfect  and  longer  in  full  use.  Whether 
this  is  the  explanation  or  not,  it  is  certain  that,  in  rickets,  there  is  an  exces- 
sive activity  of  the  centres  of  the  brain  and  cord  on  which  reflex  spasm  and 
convulsion  depend.  It  is  probable  that  the  morbid  tendency  is  exalted  by 
an  inherited  neurotic  disposition. 

The  period  at  which  rickets  chiefly  occurs  is  between  the  sixth  and 
eighteenth  month  of  life.  This  corresponds  with  the  most  active  epoch  of 
dentition.  Dentition  is  delayed,  with  other  developmental  processes,  and 
hence  the  fits  have  commonly  been  ascribed  to  dentition,  and  have  been 
called  "teething  fits."  It  is  probable  that,  in  some  cases,  the  process  of 
dentition  has  an  influence ;  it  involves  irritation  of  the  sensory  nerves,  and 
so  may  excite  the  convulsion.  But  it  is  certain  that  this  exciting  influence 
is  only  a  small  part  of  the  process  of  causation,  and  that  it  was  formerly 
over-estimated,  even  after  the  relation  of  the  fits  to  rickets  had  been  con- 
clusively proved  by  Sir  William  Jenner.  The  convulsions  may  occur  with- 
out any  discoverable  exciting  cause,  or  they  may  be  produced  by  various 
peripheral  impressions. besides  those  of  the  teeth,  both  in  children  who  are 
rickety  and  in  those  who  possess  only  the  predisposition  inherent  in  infancy. 
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Of  these  causes  the  most  frequent  is  some  irritation  of  the  gastro-intestinal 
mucous  membrane,  especially  by  worms  or  by  some  substance  in  food  that  is 
absolutely  indigestible,  such  as  the  skins  of  dried  fruit,  currants,  etc. 
Among  worms,  lumbrici  are  chiefly  influential ;  tapeworms  are  rare  in  young 
children,  and  threadworms  scarcely  ever  cause  convulsions,  although  they 
are  often  thought  to  do  so.  The  influence  of  irritation  of  the  alimentary 
membrane  in  causing  convulsions  is  remarkable ;  the  effect  often  occurs  with 
very  little  conscious  sensation,  while  contractions  of  the  intestines  that  cause 
acute  pain  have  no  corresponding  influence. 

Convulsions  occur  in  infants  in  states  of  general  exhaustion,  however  pro- 
duced, especially  in  that  caused  by  diarrhoea.  Thus  they  may  form  part  of 
the  condition  called  "  hydrocephaloid  "  (p.  761).  The  predisposition  in 
these  cases  probably  depends  on  the  acute  impairment  of  nutrition  of  the 
nerve  elements,  perhaps,  also,  on  the  deficient  blood  pressure,  of  which  the 
depressed  fontanelle  is  evidence.  On  the  other  hand,  they  result  also  from 
mechanical  congestion  of  the  brain,  which  involves,  among  other  conditions, 
a  deficiency  in  the  supply  of  arterial  blood.  Hence  paroxysmal  cough,  of 
whatever  nature,  but  especially  that  of  pertussis,  may  lead  to  a  general  con- 
vulsion. Possibly,  in  whooping-cough,  convulsions  may  be  in  part  due  to 
the  spread  in  the  predisposed  brain  of  the  "  discharge  "  causing  the  cough. 
It  is  doubtful  whether  convulsions  ever  result  from  active  congestion  of  the 
brain,  which  was  once  thought  to  be  their  common  cause.  If  the  condition 
ever  has  this  effect,  it  is  only  in  excessively  rare  cases,  or  when  the  conges- 
tion is  the  first  stage  of  inflammation.  During  the  first  few  days  of  life  con- 
vulsions are  not  uncommon,  but  they  probably  always  depend  on  direct 
injury  to  the  brain  during  the  process  of  birth  (see  p.  801). 

Symptoms. — Infantile  convulsions  are  often  preceded  by  other  signs  of 
irritation  of  the  nervous  system.  The  child  is  restless  and  irritable ;  the 
aspect  of  the  face  often  changes;  there  may  be  a  little  twitching  of  the 
mouth  at  times,  or  some  abnormal  movement  of  the  eyes.  In  rickets,  there 
is  often  inversion  of  the  thumbs  and  great  toes — "carpopedal  contractions" 
— or  there  have  been  attacks  of  "laryngismus  stridulus,"  or  more  distinct 
partial  convulsions.  The  actual  attack  usually  comes  on  suddenly,  and  may 
occur  during  either  the  walking  or  the  sleeping  state.  Sometimes  a  severe 
attack  resembles  closely  an  epileptic  fit,  but  in  general  the  attacks  are 
slighter  than  typical  epileptic  convulsions.  There  is  a  sudden  fixation  of  the 
eyes,  which  are  often  rolled  up  or  down,  or  to  one  side,  or  may  converge  or 
diverge.  The  face  and  lips  become  pale.  The  limbs  and  trunk  are  rigid 
and  stiff,  the  head  turned  to  one  side  or  retracted.  Respiration  is  interfered 
with,  and  the  face  becomes  dusky.  After  a  minute  or  so,  the  spasm  may 
relax,  or  may  become  clonic  as  in  an  epileptic  fit.  Sometimes  the  spasm  is 
entirely  clonic,  but  it  is  then  slight,  and  involves  chiefly  the  face  and  eyes, 
or  the  hands  and  feet.  In  other  cases,  again,  a  slighter  tonic  spasm  may 
continue  for  a  considerable  time,  half  an  hour  or  more ;  it  is  then  insuffi- 
cient to  stop  breathing  but  may  interfere  with  this  enough  to  cause  a  slight 
change  in  the  color  of  the  face.     In  these  cases  the  spasm  may  not  change 
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the  position  of  the  limbs,  and  may  not  be  noticed  until  the  alteration  in  the 
color  of  the  face  attracts  attention,  when  the  rigidity  is  discovered.  Such 
persistent  spasm,  however,  usually  varies  from  time  to  time,  so  that  there  is 
really  a  series  of  convulsions  with  imperfect  recovery  in  the  intervals.  Many 
slight  attacks  are  accompanied  by  a  scream,  and  are  popularly  called 
"screaming  fits;  "  there  may  be  nothing  more  than -a  scream  and  quick 
breathing  or  grinding  of  the  teeth,  and  brief  rigidity  of  the  limbs.  Such 
convulsions  are  probably  always  bilateral ;  it  is  doubtful  whether  the  fits  in 
true  infantile  eclampsia  are  ever  confined  to  one  side. 

The  attacks  of  laryngeal  spasm  termed  "laryngismus  stridulus"  are 
really  slight  local  convulsions  and  occur  under  the  same  conditions  as  the 
general  convulsions.  They  consist  of  sudden  spasm  stopping  the  breath  and 
causing  the  child  to  seem  on  the  point  of  death  from  suffocation.  Then  the 
spasm  relaxes,  and  with  a  loud  crowing  inspiration  the  child  gets  its  breath 
again.  Such  attacks  often  occur  many  times  daily,  spontaneously,  or  excited 
by  some  sudden  alarm,  or  by  some  peripheral  impression. 

The  convulsions  of  rickets  may  be  few,  and  cease  after  a  few  days,  or  they 
may  recur  during  several  weeks,  or  even  months.  Not  uncommonly  they 
begin  at  eight  or  nine  months,  and  go  on  through  the  second  year  of  life, 
and  then  cease.  They  may,  however,  continue  for  a  still  longer  time,  and 
the  condition  must  then  be  regarded  as  epilepsy.  Indeed,  whenever  attacks 
vcontinue  after  their  cause  has  ceased,  the  condition  is  inseparable  from  epi- 
lepsy. Some  of  the  children  in  whom  the  fits  cease,  after  lasting  for  a  year 
or  so,  become  epileptic  in  later  childhood  or  at  puberty. 

Diagnosis. — The  chief  point  in  the  diagnosis  of  the  nature  of  infantile 
eclampsia  is  to  distinguish  from  it  the  convulsions  that  are  due  to  organic 
brain  disease.  Those  produced  by  such  processes  as  tumor  or  meningitis 
are  soon  accompanied  by  other  symptoms  of  the  morbid  process.  It  is 
important,  however,  to  bear  in  mind  the  fact  that  the  commencing  morbid 
process  may  increase  the  irritability  of  the  brain  before  it  causes  other  symp- 
toms, and  then  some  peripheral  impression  may  excite  a  convulsion.  It 
must  be  remembered  that  a  fit,  even  in  a  young  child,  generally  means  some 
increased  central  excitability,  and  the  older  the  child  the  greater  is  its  sig- 
nificance in  this  respect.  If  there  is  not  evidence  of  a  cause  of  increased 
excitability  (such  as  prostration  or  rickets),  the  possibility  that  there  may  be 
commencing  organic  disease  should  always  be  remembered. 

A  special  difficulty  is  presented  by  the  cases  in  which  convulsions  are  due 
to  a  sudden  cortical  lesion  and  recur  (see  p.  1095).  The  distinction  of  these 
fits  from  those  of  eclampsia  rests  especially  on  the  fact  that  they  are  gener- 
ally unilateral,  and  often  commence  locally  in  some  part  of  one  side.  When 
they  are  accompanied  by  distinct  evidence  of  hemiplegia,  corresponding  in 
side  to  the  convulsions,  the  diagnosis  is  easy.  Often,  however,  the  paralysis 
is  slight  and  unnoticed.  Whenever  fits  are  one-sided,  and  commence  with 
a  sudden  series  of  severe  convulsions,  accompanied  by  the  signs  of  a  cerebral 
illness,  it  is  exceedingly  probable  that  they  are  of  this  nature.     If  recurring 
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eclamptic  convulsions  are  ever  unilateral,  they  are  not  constant  in  seat,  but 
affect  sometimes  one  side,  at  other  times  the  other  side. 

In  all  cases  of  infantile  convulsions  a  careful  search  should  be  made  for 
any  peripheral  cause  of  irritation,  such  as  local  suppuration  and  the  like. 

Prognosis. — There  is  more  danger  to  life  in  the  eclamptic  convulsions  of 
infancy  than  in  the  epileptic  fits  of  later  life.  Frequent  convulsions  may 
readily  cause  fatal  exhaustion  in  a  young  and  feeble  child.  The  actual  prog- 
nosis must  be  founded  on  the  severity  and  frequency  of  the  fits,  and  on  the 
strength  of  the  patient.  If  convulsions  continue  for  some  months,  the  prog- 
nostic question  arises — Will  the  disease  go  on  to  epilepsy  ?  The  danger  is 
considerable,  and  it  increases  the  longer  the  fits  continue.  But  even  after 
they  have  lasted  for  a  year,  there  is  a  fair  chance  of  arrest. 

Treatment. — In  the  treatment  of  the  convulsions  of  children,  the  first 
important  measure  is  to  search  for  their  cause,  and,  if  possible,  to  remove 
it  by  treatment.  This  is  especially  important  in  the  case  of  rickets,  in  which 
the  mere  treatment  of  the  attacks  may  have  little  influence  if  their  cause  is 
allowed  to  continue  unchecked,  whereas  the  treatment  of  the  underlying 
diathetic  state  may  alone  speedily  stop  the  fits.  The  attacks  themselves, 
whether  general  convulsions  or  the  local  laryngeal  spasm,  are  generally 
amenable  to  bromide  of  potassium,  but  it  is  necessary  to  give  this  in  ade- 
quate doses,  three  grains  to  a  child  under  six  months ;  five  grains  to  one 
between  six  and  sixteen  months,  and  still  larger  doses  to  older  children. 
Two  or  three  doses  may  be  given  in  the  day.  Severe  attacks  may  need  the 
inhalation  of  chloroform,  which  is  almost  always  effective,  but  may  have  to 
be  repeated  two  or  three  times  before  the  bromide  that  is  given  can  assert 
its  influence. 

It  was  formerly  the  custom  to  treat  infantile  eclampsia  by  warm  baths  and 
by  applications  designed  to  draw  the  blood  to  the  skin,  on  the  theory  that 
the  convulsions  were  the  result  of  cerebral  congestion.  Gray  powder  was 
given,  in  frequent  doses,  to  combat  the  supposed  local  condition.  Indeed, 
the  fact  of  a  patient  having  suffered  from  infantile  convulsions  may  still  often 
be  correctly  surmised  from  the  indications  presented  by  the  permanent  teeth 
of  the  influence  of  the  mercury  in  early  life.  The  theory  was  certainly  erro- 
neous, and  it  is  doubtful  whether  the  treatment  did  any  good.  I  remember, 
when  a  pupil  in  the  country,  spending  the  greater  part  of  a  day  watching  in 
vain  for  the  expected  effect  of  repeated  warm  baths  on  the  almost  continu- 
ous tonic  convulsion  from  which  a  rickety  child  was  suffering.  Certainly, 
unless  a  warm  bath  has  an  immediate  effect,  it  is  useless  to  repeat  it. 

The  dentition  theory  of  the  origin  of  the  convulsions  led  to  the  almost  uni- 
versal adoption  of  the  practice  of  lancing  the  gum  over  a  coming  tooth  tc 
lessen  the  irritation.  As  the  sole  or  even  the  chief  element  in  the  treatment; 
the  measure  is  a  mistake,  since  it  deals  with  the  least  important,  and  ofter 
quite  unimportant,  element  in  the  causation  of  the  convulsions.  It  is,  how 
ever,  probable  that  the  measure  does  sometimes  facilitate  the  eruption  of  th( 
tooth,  and  may  thus  lessen  any  irritation  that  exists. 


PUERPERAL   CONVULSIONS.  1115 

PUERPERAL  CONVULSIONS:  PUERPERAL  ECLAMPSIA. 

Etiology. — Toward  the  end  of  pregnancy,  during  labor,  and  after  labor, 
women  sometimes  suffer  from  severe  convulsions,  and  of  those  thus  attacked, 
many  die.  Women  who  are  pregnant  for  the  first  time,  and  those  who  are 
comparatively  young,  are  the  most  prone  to  suffer.  A  few  of  the  patients 
have  been  epileptic,  and  the  fits  are  simply  those  to  which  they  have  long 
been  liable.  In  most  cases  of  epilepsy,  however,  the  attacks  do  not  occur 
during  the  puerperal  period.  In  some  other  cases,  very  rare,  there  has  been 
evidence  of  no  other  causal  condition  than  an  over-excitable  state  of 
the  nervous  system,  and  the  convulsions  were  distinctly  excited  by  the 
pains  of  labor,  or  by  the  irritation  of  digital  examinations.  In  the  vast 
majority  of  cases,  however,  puerperal  convulsions  are  associated  with  the 
presence  of  a  large  quantity  of  albumen  in  the  urine,  in  which  casts  also  are 
found,  and  in  fatal  cases  the  kidneys  present  indications  of  acute  nephritis. 
These  signs  of  kidney  disease  are  usually  accompanied  by  distinct  cedema  of 
the  subcutaneous  tissue.  The  association  of  puerperal  convulsions  with  such 
conclusive  proof  of  Bright's  disease,  is  too  uniform  to  be  without  very  strong 
significance,  and  the  balance  of  evidence  is  most  strongly  in  favor  of  the 
common  inference  that  has  been  drawn  from  the  association — that  puerperal 
convulsions  are  really  ursemic  convulsions.  They  differ  from  such  convul- 
sions under  other  circumstances  in  the  common  absence  of  pronounced 
uraemic  coma,  but  they  differ,  also,  in  another  fact — which  explains  to  some 
extent  the  absence  of  coma — the  presence  of  a  powerful  cause  of  reflex  irrita- 
tion, which,  as  we  have  just  seen,  may  excite  convulsions  apart  from  any 
toxaemic  influence,  and  when  no  other  predisposition  exists  than  an  undue 
central  excitability  of  the  nervous  system.  We  must  remember,  also,  that 
the  condition  of  pregnancy  itself  involves  an  abnormal  state  of  the  nerve 
centres,  as  is  clearly  shown  by  the  occurrence  of  many  functional  disorders 
such  as  chorea  and  tetany.  Thus  the  influence  of  uraemia  is  exerted  on  pre- 
disposed centres,  and  is  aided  by  peripheral  irritation  which  is,  under  the 
circumstances,  peculiarly  powerful.  Moreover,  even  when  other  signs  of 
uraemia  are  absent,  albuminuric  retinitis  often  testifies  to  the  intensity  of 
the  influence  on  the  system  exerted  by  the  renal  disease. 

The  evidence  is  so  conclusive  that  it  seems  hardly  worth  while  to  mention 
the  objections  that  have  been  raised  to  the  uraemic  theory  or  the  hypotheses 
that  have  been  put  forward  to  take  its  place.  The  one  and  the  other  are 
alike  feeble.  In  addition  to  the  absence  of  other  signs  of  uraemia,  which 
has  been  already  discussed,  it  has  been  alleged  that  albumen  is  to  be  found 
in  so  large  a  proportion  of  pregnant  and  puerperal  women  that  its  coinci- 
dence with  convulsions  has  no  significance.  But  it  is  a  question  not  of  the 
mere  presence  of  albumen  but  of  its  amount,  and  the  amount  that  is  com- 
mon, apart  from  convulsions,  is  trifling  and  without  significance.*  On  the 
other  hand,  clinical  experience  shows  that  whenever  a  woman,  at  or  near 

*  This  point  has  been  ably  and  conclusively  discussed  by  Galabin,  Brit.  Med.  Journ., 
Aug.  30th,  1880.  % 
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labor,  presents  much  albumen  in  the  urine,  with  other  signs  of  nephritis, 
she  is  in  imminent  danger  of  convulsions.  The  chief  other  theory  that  has 
been  put  forward  is,  that  there  is  anaemia  of  the  brain,  the  result  of  a 
watery  state  of  the  blood  and  of  vasomotor  spasm,  which  is  itself  due  to 
the  influence  of  irritation  of  the  uterine  nerves  or  of  the  nerves  of  the 
sacral  plexus.  To  render  this  theory  tenable  it  has  yet  to  be  proved,  first, 
that  there  is  more  vasomotor  spasm  than  frequently  exists  in  various  condi- 
tions without  convulsions,  and,  secondly,  that  vasomotor  spasm  ever  yel 
gave  rise  to  a  fit.* 

Symptoms. — Puerperal  convulsions  occur  during,  before,  or  after  labor. 
They  may  not  only  be  distinctly  excited  by  the  local  irritation,  but  are  some- 
times set  up  by  other  causes,  as  a  blow  on  the  head  (Engstrom),  while  the 
depression  of  anxiety  and  fear  seems  sometimes  to  aid  in  their  production. 
In  addition  to  the  oedema  already  mentioned  their  onset  is  often  heralded  by 
severe  headache,  precordial  pain,  or  sudden  amaurosis,  the  latter  certainly, 
and  the  others  probably,  urasmic  in  origin.  The  onset  is  usually  sudden 
and  the  convulsions  generally  resemble  closely  those  of  epilepsy.  There  is 
absolute  unconsciousness,  the  tongue  is  frequently  bitten,  and  the  bladdei 
and  rectum  may  be  emptied  during  the  fit.  One  difference  from  ordinary 
epileptic  fits  is,  that  very  frequently  the  affection  of  the  two  sides  is  not  sim- 
ultaneous but  successive.  The  eyes  are  often  conspicuously  involved.  In 
one  case  in  which  the  character  of  the  fits  was  very  carefully  noted  f  each 
began  with  nystagmus,  lateral  and  to  the  left.  Then  first  the  eyes  and 
afterward  the  head  were  strongly  turned  to  the  left,  and  clonic  spasm  came 
on  in  both  eyelids,  with  tonic  contraction  of  the  left  side  of  the  face,  and 
the  left  arm  and  leg.  First  the  wrist  was  extended,  then  strongly  flexed  and 
pronated.  Subsequently  the  eyes  and  head  turned  to  the  right,  and  the  right 
arm  and  leg  were  rigid  like  the  left,  so  that  tonic  spasm  became  universal 
and  the  tongue  was  thrust  out  of  the  mouth  ;  then  general  clonic  spasm  set 
in  with  horizontal  nystagmic  movement  of  the  eyes.  The  spasm  ceased  on 
the  left  side  sooner  than  on  the  right.  During  the  coma  that  followed,  the 
eyes  were  rolled  upward.  All  the  fits  were  the  same,  save  that  in  the 
earlier  attacks  there  was  opisthotonos,  and  the  later  fits,  as  the  patient 
became  exhausted,  were  limited  to  the  'face,  involving  especially  the  fron- 
tales.  The  patient  was  a  young  married  woman,  aged  eighteen,  who  had 
an  intense  dread  of  parturition.  The  fits"  commenced  soon  after  labor  set 
in,  and  each  pain  excited  a  convulsion.  She  was  delivered  with  the  forceps, 
but  the  fits  continued,  with  an  interval  after  labor  of  four  hours,  and  she 
died  forty-eight  hours  after  the  onset.  The  temperature  rose  to  1030  and 
continued  at  that  point.     The  urine,  when  heated,  became  solid  from  albu- 

*  Some  of  the  framers  of  other  theories  have  urged,  as  an  objection  to  the  uremic  explana- 
tion, that  the  temperature  is  often  raised  after  puerperal  fits.  But  it  should  be  generally 
known  that  true  unemic  convulsions  also  often  raise  the  temperature,  and  the  objection  is 
absolutely  without  weight. 

t  By  Mr.  Hyde  Marriott,  of  University  College  Hospital,  to  whom  I  am  indebted  for  the 
report  of  the  case.        t 
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men,  and  the  kidneys  after  death  presented  the  characteristic  signs,  naked- 
eye  and  microscopic,  of  acute  inflammation.  In  some  cases,  in  which  the 
convulsions  are  very  severe,  the  temperature  rises  to  1080  or  1090,  as  in  the 
status  epilepticus.  The  mortality  in  puerperal  convulsions  is  about  30  per 
cent.* 

Treatment. — The  treatment  is  in  part  obstetrical,  and  this  need  not  be  here 
discussed.  Venesection  was  formerly  employed,  and  when  much  blood  had 
flowed,  the  fits  usually  ceased,  but  the  consequent  exhaustion  of  the  patient, 
and  the  discovery  of  the  coincident  kidney  disease,  has  led  to  the  abandon- 
ment of  this  practice,  especially  in  view  of  the  fact  that  inhalations  of  chlo- 
roform are  usually  successful  in  arresting  each  convulsion.  As  long  as  the 
inhalation  is  kept  up,  the  convulsions  may  cease,  but  when  it  is  discontinued 
they  too  often  return.  The  treatment  of  the  blood  state  is  necessarily  lim- 
ited under  the  circumstances  of  parturition,  and  yet  it  is  unquestionably  more 
important  than  any  other.  Vapor  baths  have  been  employed,  and  so  has 
pilocarpine,  sometimes  with  success.  Theoretically,  venesection  and  trans- 
fusion might  be  expected  to  afford  more  chance  of  recovery  to  a  desperate 
case  than  any  other  measure.  For  further  details  of  treatment,  the  reader 
is  referred  to  works  on  obstetric  medicine. 

UREMIC  CONVULSIONS. 

The  nature  and  precise  cause  of  the  convulsions  of  uraemia  are  topics 
beyond  the  province  of  this  work,  but  it  may  be  convenient  briefly  to 
describe  their  characters.  They  occur  only  when  the  kidney  disease  has 
profoundly  affected  the  system  and  has  altered  the  state  of  the  blood  ;  in 
chronic  kidney  disease  there  are  usually  other  indications  of  this  effect  in 
hypertrophy  of  the  heart  and  albuminuric  retinitis. 

Ursemic  convulsions  usually  set  in  suddenly,  and  there  may  be  no  preced- 
ing symptoms  to  indicate  what  is  coming.  In  some  cases,  however,  they  are 
preceded  by  other  symptoms  of  uraemia,  as  coma  or  amaurosis.  The  fits  are 
seldom  isolated ;  usually  several  occur  in  a  short  time,  sometimes  in  the 
course  of  an  hour,  sometimes  at  intervals  of  several  hours. 

The  convulsion  usually  resembles  very  closely  an  epileptic  fit,  consisting 
of  tonic  and  clonic  spasm.  The  preponderance  of  the  spasm  on  one  side  is 
generally  well  marked,  and  causes  a  strong  deviation  of  the  hand  and  eyes 
to  one  side.  Occasionally  the  convulsion  is  unilateral,  but  the  affection  of 
one  side  is  not  constant — the  side  involved  varies  in  different  fits.  Another 
occasional  characteristic  is  a  special  affection  of  the  muscles  of  the  face, 
which  may  be  bilateral,  as  was  conspicuous  in  the  case  of  puerperal  convul- 
sions described  above.  Nystagmus,  as  in  that  case,  is  sometimes  observed, 
the  quick  movement  being  to  the  side  toward  which  the  head  deviates.  The 
convulsions  often  begin  locally,  now  in  one  part,  now  in  another,  but  quickly 
spread.     The  pupils  are  usually  dilated  during  the  fit,  and  do  not  act  to 

*  Of  62  cases  in  Konigsberg  Hospital  Records,  the  percentage  mortality  of  mothers  was 
29,  and  of  children  38  per  cent.  (Gettkant,  Diss.  Konigsb.,  1884). 
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light,  but  I  have  known  them  to  be  contracted  during  the  fit,  and  to  dilate 
afterward.  In  severe  convulsions,  the  interference  with  respiration  is  verj 
marked,  and  the  tongue  may  be  bitten.  Immediately  after  the  fit,  the  kne< 
ierk  may  not  be  obtained.  The  patient  may  sleep  for  a  time  after  the  attack 
as  after  an  epileptic  fit,  or  may  pass  into  a  state  of  coma,  or  may  be  merely 

drowsy. 

The  treatment  of  ursemic  convulsions  is  that  of  the  blood  state. 


VERTIGO. 
The  term  "vertigo"  means,  by  derivation,  a  "turning,"  and  is  used  as  i 
designation  for  any  movement  or  sense  of  movement,  either  in  the  individua 
himself  or  in  external  objects,  that  involves  a  defect,  real  or  seeming,  in  th> 
equilibrium  of  the  body.  The  word  "  giddiness  "  is  used  as  a  popular  syno 
nym  for  vertigo.  An  exact  and  complete  appreciation  of  the  relation  of  th 
body  to  its  physical  surroundings  is  involved  in  the  mental  state  that  we  cal 
"  consciousness."  If  that  appreciation  is  incorrect  in  any  degree — and  it  i 
rendered  incorrect  by  a  false  sense  of  movement — to  that  degree  the  sense  c 
perfect  consciousness  is  interfered  with.  Hence  vertigo  always  involves 
slight  interference  with  consciousness.  This  fact  influences  the  popular  us 
of  the  term  "giddiness,"  which  is  sometimes  used  to  designate  a  menta 
state  of  imperfect  consciousness  when  there  is  no  sense  of  movement,  am 
nothing  that  would  be  termed  "vertigo"  in  the  strict  medical  use  of  th 
word.  The  word  "dizziness"  is  more  often  used  in  the  sense  of  imperfec 
consciousness,  but  it  is  also  sometimes  used  as  a  loose  synonym  for  "gidd: 
ness."* 

Vertigo  is  a  common  symptom  of  organic  brain  disease,  but  in  such  case 
it  is  associated  with  other  distinct  symptoms  of  its  cause,  and  has  bee 
already  considered  (p.  530).  In  all  cases,  indeed,  it  is  merely  a  symptoi 
of  some  definite  morbid  state,  but  in  many  conditions  it  is  a  symptom  th; 
is  far  more  obtrusive  than  its  cause.  Hence  it  has  become  customary  t 
describe  vertigo  as  if  it  were  a  definite  disease,  and  the  method  has  consic 
erable  practical  convenience,  although  it  is  not  logically  correct. 

Before  describing  the  special  forms  presented  by  vertigo,  it  is  desirable  I 
consider  what  is  known  of  the  symptom  and  its  origin.  The  subject  involvi 
a  very  obscure  branch  of  the  pathological  physiology  of  the  nervous  systen 
Vertigo  is  essentially  a  sense  of  defective  equilibrium,  and  it  is  necessary  1 
consider,  first,  what  we  know  of  the  way  in  which  equilibrium  is  maintain* 
under  normal  circumstances. 

The  maintenance  of  equilibrium  is  effected,  except  when  the  body  is 
rest,  by  the  activity  of  the  muscles,  influenced  by  the  brain.      When  tl 
body  is  at  rest,  the  equilibrium  is  permitted  by  the  absence  of  muscular  coi 
traction.     The  action  of  the  brain  is  in  some  way  determined  by  certa 

*'  The  original  meaning  of  "  giddy  "  was  mirthful  (a  sense  still  extant),  and  that  of  "dizzj 
was  foolish  or  dull. 


VERTIGO.  1119 

centripetal  impressions,  which  give  information  to  the  cerebral  centres  as  to 
the  relation  of  the  body  to  external  objects,  as  to  the  manner  in  which  the 
body  is  supported,  and  as  to  its  position,  (i)  Sensory  impressions  come 
from  the  skin,  etc.,  of  the  parts  on  which  the  body  is  resting.  (2)  Cen- 
tripetal impressions  reach  the  brain  from  those  muscles,  the  contraction  of 
which  determines  the  posture  of  the  body  ;  the  most  important  of  these  are 
from  the  muscles  of  the  legs  and  lower  part  of  the  trunk.  (3)  Information 
as  to  the  position  of  the  eyes  and  head  shows  the  relation  of  seen  objects  to 
the  body ;  this  information,  in  the  case  of  the  eyes,  is  apparently  derived 
from  the  sense  of  the  active  innervation  of  the  muscles.  (The  evidence  of 
this  will  be  found  at  p.  597.)  Whether  this  is  also  aided  by  centripetal 
impressions  from  the  muscles,  we  do  not  know,  nor  do  we  know  what 
impressions  inform  the  centres  as  to  the  position  of  the  head.  The  innerva- 
tion of  the  eye  muscles  seems  to  be  the  more  important  of  the  two.  It  is 
probable  that  the  innervation  of  other  muscles  also  exerts  an  influence,  but 
we  cannot  distinctly  trace  this.  (4)  The  impressions  from  the  semicircular 
canals  of  the  internal  ear.  These  are  apparently  due  to  the  pressure  of  the 
endolymph  under  the  influence  of  gravitation  and  of  movement  (Flourens, 
Goltz,  Cyon,*  etc.).  We  shall  have  to  consider  these  in  greater  detail 
presently. 

Of  these  various  impressions  which  are  doubtless  always  acting  on  the 
intracranial  centres,  only  those  of  the  first  class  influence  consciousness  ;  the 
impressions  from  the  cutaneous  and  other  nerves,  due  to  pressure,  are  felt 
as  sensations;  of  the  others  we  are  almost  entirely  unaware,  although  we  are 
conscious,  indirectly,  of  the  effects  of  their  derangement.  They  appa- 
rently act  on  some  centre  through  which  equilibrium  is  maintained,  and 
which  in  some  way  regulates  the  outgoing  currents  of  nerve  force.  The 
whole  of  this  process  goes  on,  under  normal  circumstances,  independently 
of  consciousness.  Many  facts  suggest  that  the  middle  lobe  of  the  cerebellum 
takes  an  important  part  in  the  process.  We  can  trace  a  connection  between 
it  and  many  of  the  afferent  paths  concerned.  It  may  merely  coordinate 
these  impressions,  and  influence,  according  to  them,  the  cerebral  centres 
whence  the  outgoing  currents  proceed.  This  conception  harmonizes  with 
the  various  facts  better  than  the  assumption  that  the  outgoing  impulses  pro- 
ceed directly  from  the  cerebellar  centre. 

If  any  one  of  the  centripetal  impressions  that  regulate  equilibrial  coordi- 
nation is  imperfect,  we  are  chiefly  conscious  of  the  effect  on  the  action  of  the 
centre,  not  of  the  imperfection  itself.  We  feel  the  effect  as  vertigo.  That 
vertigo  is  commonly  a  disturbance  of  the  action  of  some  centre,  and  is  not  a 
mere  consciousness  of  the  defective  centripetal  impression,  is  shown  by  the 
fact  that,  when  well  marked,  it  is  a  sensation  of  a  motor  process,  f     There 

*  The  various  experiments  on  the  subject  are  described  in  most  text-books  of  physiology. 
Their  details,  however  interesting,  have  not  such  a  direct  bearing  on  the  medical  aspect  of 
vertigo  to  make  it  worth  while  to  describe  them  here. 

f  This  fact  has  been  repeatedly  insisted  on,  as  of  paramount  importance,  by  Dr.  Hughlings 
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may  be  merely  a  sense  of  movement,  but  if  the  sensation  is  intense,  there  is 
actual  movement,  and  this  is  almost  always  in  the  same  direction  as  the 
sensation  of  movement.  From  this  it  appears  that  the  sensation  felt  is  the 
result  of  the  process  which,  in  greater  degree,  causes  the  movement,  i.  e.,  it 
is  due  to  a  motor  process.  Even  when  the  apparent  movement  is  in  exter- 
nal objects,  the  same  correspondence  is  often  observed  ;  if  the  patient  also 
moves,  his  movement  may  be  in  the  same  direction  as  that  in  which  objects 
appear  to  move.  This  is  intelligible  only  on  the  assumption  that  the  sensa- 
tion is  due  to  a  motor  process.  If  a  person  actually  moves,  and  an  object 
remains  opposite  his  face  (in  the  centre  of  his  field  of  vision),  he  rightly 
infers  that  it  has  moved.  The  subjective  process  in  vertigo  leads  to  the 
same  inference.  Sometimes,  however,  objects  appear  to  move  in  the  oppo- 
site direction  to  that  of  the  sense  of  subjective  movement;  to  this  we  shall 
presently  return. 

These  statements  apply  to  what  may  be  termed  typical  vertigo  of  sensory 
origin.  But  vertigo  may  be  due  to  other  causes.  We  have  seen  that  it  is 
common  in  epilepsy  as  the  warning  of  severe,  and  the  sensation  in  slight 
attacks.  We  can  understand  its  occurrence  in  these  cases  on  the  theory  just 
described.  In  epilepsy  there  is  a  spontaneous  motor  discharge,  which  may 
be  one-sided,  or  merely  greater  on  one  side  than  on  the  other ;  in  either 
case  there  will  be  a  tendency  to  lateral  movement,  which  is  actually  seen  in 
the  deviation  of  the  head  and  eyes,  and  may  give  rise  to  positive  rotation. 
This  motor  process  may  be  felt  as  vertigo  before  it  causes  movement,  or 
when  it  is  too  slight  to  cause  movement.  Hence,  too,  we  can  understand 
that  many  organic  lesions  of  the  brain  should  cause  vertigo  at  the  time  of 
their  occurrence,  just  as  they  may  also  cause  convulsion. 

But  the  sensation  is  not  always  thus  definite,  and  does  not  always  corres- 
pond to  the  motor  process.  It  may  be  merely  a  vague  sense  of  unsteadiness 
or  uncertainty.  It  is  possible  that  in  some  cases  it  may  be  a  more  direct 
effect  of  the  deranged  and  discordant  centripetal  processes,  or  the  vagueness 
of  the  sensation  may  be  due  to  the  trifling  character  of  the  motor  disturb- 
ance, or  to  the  circumstance  that  this  is  complex. 

The  mechanism  of  vertigo  is  thus  so  complex,  and  our  knowledge  of  it  is 
so  fragmentary,  that  we  may  easily  go  very  far  wrong  if  we  endeavor  tc 
formulate  the  precise  mode  in  which  any  given  sensation  is  prqduced,  or  the 
actual  disturbance  that  exists  in  any  given  case.  But  at  the  same  time  we 
may  note  the  apparent  suggestiveness  of  some  of  the  phenomena,  in  consid- 
ering their  features.  The  exact  character  of  the  sensation  experienced  is 
often  very  difficult  to  ascertain  ;  and  this  is  not  surprising,  for  the  momeni 

Jackson.  It  was  also  pointed  out,  long  ago,  by  Dr.  Russell  Reynolds:  "The  feeling  o 
equilibiium  results  from  the  harmony  of  our  different  sensations  among  themselves,  and  will 
the  motor  impulse  which  is  their  combined  effect.  When  any  one  group  of  the  sensoria 
impressions  is  distorted  or  removed,  the  balance  is  disturbed,  and  as  these  impressions  an 
themselves  the  stimuli  of  muscular  action,  attempts  are  made  for  its  restoration  ....  pro 
ducing  vertiginous  or  allied  movements." — Russell  Reynolds,"  Vertigo,"  London,  Churchill 
1854 — a  paper  in  which  are  collected  all  the  older  facts  and  opinions  on  the  subject. 
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is  one  of  intense  mental  confusion,  in  which  accurate  observation  is  most 
difficult.  But  the  common  uniformity  of  the  sensation  in  the  same  case  at 
different  times,  compensates,  in  some  degree,  for  its  disturbing  character, 
and  enables  the  patient,  after  a  time,  to  give  a  description  that  is  trustworthy, 
as  far  as  it  goes. 

The  apparent  movement  of  the  individual  himself,  the  subjective  vertigo, 
as  we  have  seen,  varies  much  in  different  cases.  When  it  is  definite  in  char- 
.  acter,  its  direction  is  often  emphasized  by  the  fact  that  the  patient  falls  or 
tends  to  fall  in  the  same  direction.  There  may  be  a  tendency  to  incline  to 
the  right  or  left,  or  to  turn  toward  right  or  left,  but  more  often  this  is  com- 
bined with  a  movement  forward  or  backward,  and  often  the  latter  is  all  that 
the  patient  is  able  to  realize.  More  common,  however,  than  any  other  single 
movement,  is  a  sense  of  going  downward,  of  sinking.  One  patient  described 
it  as  if  there  were  a  powerful  magnet  in  the  earth,  drawing  him  toward  its 
centre  ;  another,  as  if  there  were  a  huge  weight  on  his  head  pressing  him 
downward.  A  sense  of  falling  from  a  height  is  also  common,  and  is  prob- 
ably familiar  to  most  persons  as  a  sleep  sensation,  the  cause  of  which  will  be 
considered  presently.  It  is  noteworthy  that  the  sense  of  going  downward 
toward  the  earth  may  have  the  same  character,  whether  the  patient  is  stand- 
ing or  lying.  This  sensation  is  occasionally  felt  when  there  is  disease  of  the 
semicircular  canals,  and  it  therefore  appears  as  if  the  precise  direction  of  the 
false  sensation  were  determined  by  the  true  sensations  engendered  by  the 
posture  of  the  body.  The  patient  who  feels  as  if  he  were  sinking  into  the 
earth  when  he  is  standing,  feels  as  if  he  were  sinking  through  the  bed  when 
he  is  lying.     The  opposite  sensation,  that  of  rising,  is  extremely  rare. 

The  apparent  movement  of  objects,  objective  vertigo,  may  be  an  impres- 
sion that  they  are  passing  before  the  patient  in  a  given  manner,  lateral, 
upward,  or  downward.  As  we  have  already  seen,  the  direction  of  the 
objective  movement  is  often  the  same  as  that  in  which  the  patient  seems  to 
move ;  this  may  be  regarded  -as  the  typical  condition  ;  at  any  rate  it  is  that 
which  is  most  easily  understood.  In  many  instances,  however,  the  direction 
in  which  objects  seem  to  move  is  opposite  to  that  of  the  subjective  move- 
ment. The  explanation  of  this  is  difficult,  and  may  be  not  always  the  same. 
In  some  cases  of  this  kind  the  vertiginous  disturbance  may  not  involve  the 
visual  centres  in  such  a  way  as  to  give  rise  to  the  error  of  inference  which 
causes  the  apparent  movement  of  objects  in  the  same  direction  as  the  subjec- 
tive movement.  If  a  person  in  health  turns  round,  objects  seem  to  move 
in  the  opposite  direction,  because  their  images  move  across  the  retina;  in 
some  cases  of  vertigo  there  may  be  a  false  impression  of  such  a  reverse  move- 
ment, although  there  is  no  movement  of  the  images  on  the  retina.*  In  the 
same  way,  to  a  patient  who  fell  forward,  it  seemed  that  the  ground  rose  up  to 

*  Objects  are  not  involved  in  the  false  inference,  as  in  the  vertigo  described  as  typical,  but 
there  is,  as  it  were,  a  subsidiary  false  inference  of  their  movement  in  the  opposite  direction. 
Another  possible  explanation  is  that  the  apparent  movement  of  objects  is  the  result  of  com- 
pensatory processes  to  maintain  the  disturbed  equilibrium. 
70 
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meet  him,  while  to  one  who,  in  bed,  felt  as  if  rolling  over  to  the  left,  the 
left  side  of  the  bed  on  which  he  was  lying  seemed  to  be  rising  up.  This 
condition,  in  which  objects  seem  to  move  as  they  would  seem  if  the  move- 
ment were  actual,  is  perhaps  a  less  complete  form  of  vertigo  than  that  in 
which  objects  seem  to  move  with  the  patient. 

In  other  cases,  again,  objects  before  the  patient  seem  to  move  in  a  manner 
that  has  no  exact  parallel  in  the  subjective  vertigo.  Every  object  may  seem 
to  be  rotating  on  its  own  axis,  or  all  the  objects  may  seem  to  rotate  around 
a  fixed  point  in  front  of  the  patient.  In  these  cases  the  subjective  move- 
ment may  be  a  simple  one  to  right  or  left,  or  there  may  be  no  subjective  ver- 
tigo; the  apparent  rotation  of  external  objects  may  be  the  only  sensation  of 
which  the  patient  is  conscious,  and  this  in  cases  of  labyrinthine  vertigo. 

There  seems  to  be  a  special  relation  between  the  labyrinthine  impressions 
and  the  movements  qf  the  eyes,  and  in  labyrinthine  vertigo  there  may  be  an 
actual  involuntary  movement  of  the  eyes.  This  is  probably  the  slightest 
degree  of  the  actual  movement  which,  as  we  have  seen,  occurs  in  many  cases, 
and  involves  the  whole  body ;  whenever  there  is  actual  rotation,  the  eyes  and 
head  lead  the  way.  This  point  will  be  considered  in  connection  with  this 
form  of  giddiness. 

The  sensation  of  movement  in  external  objects  increases  very  much  the 
patient's  discomfort.  He  is  often  compelled  to  keep  the  eyes  closed, 
because,  as  soon  as  he  opens  them,  the  rapid  movement  or  whirling  rotation 
of  the  objects  before  him,  including  the  walls  of  the  room  in  which  he  is 
lying,  may  be  unendurable.  The  vertigo  may  also  be  greatly  increased  by 
movement,  especially  by  sudden  movement  of  the  head. 

There  is  a  close  association  between  vertigo  and  vomiting.  Intense  gid- 
diness almost  always  causes  vomiting.  It  is  probable  that  the  gastric  fibres 
of  the  vagus  have  a  connection  with  the  middle  lobe  of  the  cerebellum,  disease 
of  which  so  frequently  causes  vomiting.  It  is  more  probable  that  the  symp- 
tom is  thus  produced  than  that  it  is  due  to  a  direct  connection  between  the 
auditory  and  vagal  nuclei.  It  has,  also,  an  obverse  side  in  the  influence  of 
gastric  derangement  in  causing  vertigo,  which  we  shall  consider  presently.* 

OCULAR  VERTIGO. 
Ocular  vertigo  is  a  rare  form  ;  it  is  due  to  weakness  of  an  ocular  muscle, 
and  depends  on  the  erroneous  projection  of  the  visual  field  (see  p.  597). 
There  is  an  error  in  the  unconscious  inference  of  the  relation  of  the  body  to 
seen  objects,  and  this  element  in  the  impressions  that  influence  the  equili- 
brial  centre  is  at  variance  with  others,  and  either  the  discord  or  the  disturb- 
ance of  the  centre  is  felt  as  giddiness.  The  giddiness  is  seldom  intense,  and  is 
not  independently  paroxysmal ;  it  occurs  only  when  the  affected  muscle  is  put 
in  action.  In  most  cases  it  is  very  slight  and  transient,  as  the  cerebral  centres 
learn  to  neglect  the  error.     Now  and  then  it  continues  for  a  long  time.     It 

*  It  probably  underlies  the  pathology  of  sea  sickness,  in  which  the  vomiting  may  be  sim- 
ply a  reflex  effect  of  the  oscillations  of  the  endolymph  in  the  semicircular  canals. 
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is  chiefly  important  in  respect  to  diagnosis.  The  treatment  of  the  ocular 
palsy  soon  removes  the  vertigo,  but  if  its  cause  is  not  discovered  the  patient 
may  be  put  through  long  courses  of  useless  treatment. 

AURAL  VERTIGO;    LABYRINTHINE  VERTIGO;    MENIERE'S  DISEASE. 

The  vertigo  that  depends  on  disease  of  the  semicircular  canals  is  some- 
times termed  "aural  "or  "auditory  vertigo,"  sometimes  "labyrinthine 
vertigo,"  sometimes  "  Meniere's  disease."  "  Auditory  "  the  vertigo  is  not 
— it  is  generally  "aural  "  or  "labyrinthine  ;"  it  always  depends  on  derange- 
ment of  the  auditory  nerve,  commonly  on  disease  of  the  nerve  endings  in 
the  labyrinth,  rarely  on  disease  of  the  fibres  of  the  nerve  in  its  trunk  or 
origin.  Attention  was  first  drawn  to  this  cause  of  vertigo  by  a  description 
given  by  Meniere*  of  some  cases  in  which  very  violent  disturbance  was  pro- 
duced by  a  sudden  lesion  of  the  labyrinth.  Such  cases  came  to  be  termed 
"  Meniere's  disease  V — the  great  frequency  with  which  slight  disease  causes 
slighter  symptoms  was  not  at  first  recognized.  The  name  has  been  since 
applied  by  some  to  all  forms,  slight  and  severe;  by  others  it  has  been 
restricted  to  the  severer  cases ;  hence  there  has  been  some  confusion  as  to 
what  is,  and  is  not,  "  Meniere's  disease." 

The  labyrinthine  form  is  by  far  the  commonest  of  all  varieties  of  vertigo. 
This  is  shown  by  the  statistics  given  below.  In  nine  cases  out  of  ten  in 
which  there  is  definite  giddiness,  not  epileptic  in  nature  or  obviously  due  to 
organic  brain  disease,  it  is  due  to  a  morbid  state  of  the  labyrinth  or  auditory 
nerve  endings.  It  has  been  doubted  by  some  whether  this  opinion  is  justified, 
whether  undue  significance  is  not  given  to  the  association  of  slight  deafness 
with  the  vertigo,  but  the  evidence,  considered  as  a  whole,  is  very  strong.  In 
the  first  place,  we  have  the  undoubted  fact  that  violent  vertigo  may  result 
from  acute  lesions  of  the  labyrinth.  This  is  proved  by  the  severe  cases 
described  by  Meniere  and  others.  Secondly,  progressive  disease  of  the 
labyrinth  may  be  attended  with  severe  vertigo,  which  may  cease  when  the 
progress  of  the  disease  has  produced  complete  deafness.  These  two  facts 
show  that  the  vertigo  is  the  result  rather  of  the  irritation  of  the  nerve  than 
of  its  loss  of  function.  Thirdly,  in  the  majority  of  cases  of  definite  vertigo, 
slight  or  considerable,  tinnitus  is  present,  and  is  evidence  of  a  process  of 
irritation  of  the  fibres  of  the  nerve.  Fourthly,  slight  loss  of  hearing,  tinni- 
tus and  vertigo  may  be  observed  not  only  to  come  on  together,  but  to  pass  away 
together.  Lastly,  the  frequency  with  which  symptoms  of  labyrinthine  dis- 
ease are  found  in  cases  of  vertigo  is  itself  a  fact  of  very  great  significance. 
Of  106  consecutive  cases  in  which  definite  vertigo  made  the  patient  seek 
advice,  in  no  less  than  ninety-four  ear  symptoms  were  present,  tinnitus  or 
deafness,  or  more  often  both ;  defect  of  hearing  through  the  bone  always 
existed,  and  in  almost  all  cases  in  which  it  was  slight  a  distinct  difference 
between  the  two  sides  emphasized  its  pathological  character.     In  conjunc- 

*  Before  the  Academie  de  Med.  of  Paris,  in  1861.  The  association  of  tinnitus  aurium 
and  vertigo  was  noted  by  Burns  in  1809  ("  Obs.  on  Dis.  of  the  Heart,"  p.  75). 
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tion  with  these  facts  we  have  the  experimental  evidence  that  vertiginous 
movements  result  in  animals  from  lesions  of  the  semicircular  canals.* 

The  coincidence  of  auditory  symptoms  with  vertigo  depends  on  the  fact 
that  the  lining  membrane  of  all  parts  of  the  labyrinth  is  continuous,  and  so 
also  is  its  cavity.  The  two  sets  of  symptoms  depend  on  the  affection  of 
adjacent  structures,  which  commonly  suffer  together,  but  since  they  are  dis- 
tinct it  is  conceivable  that  labyrinthine  vertigo  may  occur  without  any 
auditory  symptoms.  I  have  actually  seen  two  or  three  cases  in  which  definite 
giddiness  existed  alone,  and  in  which  auditory  symptoms  came  on  later. 
From  this  consideration  it  is  easy  to  understand  that  there  is  no  neces- 
sary proportion  between  the  disturbance  of  hearing  and  of  equilibrium. 

The  central  relations  of  the  two  parts  of  the  auditory  nerves  have  been 
already  described  (p.  485).  The  stimulation  of  the  nerve  fibres  of  the  semi- 
circular canals  is  believed  to  be  through  the  pressure  of  the  endolymph  on 
the  hairs  within  the  ampullae.  The  three  canals  are  arranged  at  right  angles ; 
the  horizontal  and  transverse  canals  have  their  ampullae  at  the  outer  ends, 
while  that  on  the  vertical  canal  is  at  its  anterior-inferior  extremity.  If 
movements  stimulate  the  nerves  by  increasing  the  pressure  in  the  ampullae, 
the  fibres  of  the  transverse  canal  will  be  excited  by  an  inclination  of  the 
head  to  the  opposite  side,  as  in  falling  in  that  direction  ;  those  of  the  hori- 
zontal canal  by  a  rotation  of  the  head  toward  the  side  of  the  canal  con- 
cerned ;  those  of  the  vertical  canal  by  a  forward  movement.  Irritation  of 
the  canals  by  disease  may  be  expected  to  give  rise  to  corresponding  sensations 
of  movement.  But  it  is  probable  that,  in  most  cases,  the  condition  is  a 
complex  one  and  the  disturbance  is  seldom  the  result  of  the  irritation  of  a 
single  canal. 

On  account  of  the  frequency  with  which  vertigo  seems  to  the  patient  him- 
self to  preponderate  over  the  auditory  symptoms,  a  large  proportion  of  the 
sufferers  seek  the  advice  of  physicians  rather  than  of  aural  surgeons,  and 
most  text-books  of  diseases  of  the  ear  give  a  very  imperfect  representation 
of  the  malady.  The  following  account  is  based  upon  nearly  a  hundred 
cases  in  which  the  affection  was  distinct. 

Etiology. — Aural  vertigo  seems  to  result  from  almost  any  of  the  many 
morbid  processes  that  involve  the  labyrinth  and  the  nerve  endings  it  con- 
tains. As  a  chronic  symptom,  however,  it  seldom  results  from  inflammation 
of  the  middle  ear  or  caries,  such  as  are  so  common  in  childhood.  It  is  a 
well-known  fact  that  in  these  cases  the  labyrinth  usually  escapes,  f  In  most 
cases,  there  are  no  signs  of  mischief  in  the  middle  ear  ;  the  affection  seems 
to  be  confined  to  the  labyrinth.     Chronic,  slightly  irritative  disease  is  that 

*  The  literature  of  aural  vertigo  is  exceedingly  voluminous.  Among  the  more  important 
papers  are  those  of  Knapp  and  Brunner,  "Arch,  of  Oph.  and  Otol.,''  vol.  ii;  of  Hugh- 
lings  Jackson,  Med.  Times  and  Gaz.,  1872,  Med.  Record,  vol.  ii,  and  Lancet,  1880,  Oct. 
2d;  of  Charcot,  Prog.  Med.,  1874. 

f  In  a  curious  case  reported  by  MacBride  the  Symptoms  were  caused  by  disease  of  the 
middle  ear  through  the  agency  of  defective  pressure  in  the  tympanum,  and  were  at  once 
relieved  by  inflation.     (Quoted  by  Grainger  Stewart,  "On  Vertigo,"  1884,  p.  ao). 
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which  seems  most  frequently  to  cause  it,  and  such  disease  is  most  common 
in  the  second  half  of  adult  life.  It  is  met  with  very  seldom  under  twenty, 
occasionally  between  twenty  and  thirty,  and  frequently  after  thirty.  In  four- 
fifths  of  the  cases  the  symptoms  commence  between  thirty  and  sixty.  For 
some  reason,  it  is  more  common  in  men  than  in  women ;  of  ninety-three 
consecutive  cases,  sixty-two  were  males,  and  the  proportion  was  about  the 
same  in  private  as  in  hospital  patients. 

The  nature  of  the  change  in  the  labyrinth  is  necessarily  a  matter  of  con- 
jecture. In  a  few  cases  the  symptoms  came  on  after  exposure  to  cold,  and 
inflammation  is  the  probable  lesion.  Such  inflammation  is  generally  chronic 
or  subacute,  but  in  one  of  Meniere's  cases,  due  to  cold,  it  was  so  intensely 
acute  that  the  patient  died  in  a  few  days,  from  the  severity  of  the  brain  dis- 
turbance produced.  In  many  cases  the  mischief  seems  to  be  the  result  of 
gout,  and  it  is  highly  probable  that  the  labyrinthine  membrane  may  suffer 
from  this  cause,  as  other  membranes  do  that  are  connected  with  bones.  I 
have  more  than  once  known  all  symptoms  to  pass  away  under  the  influence 
of  treatment  directed  to  the  gouty  state.  Occasionally  a  syphilitic  inflam- 
mation is  suggested  by  the  presence  of  the  constitutional  disease,  and  laby- 
rinthine lesions  have  been  proved  to  occur  from  this  cause.*  In  other  cases, 
again,  the  slow  progressive  character  of  the  symptoms  suggests  that  they  are 
due  to  degenerative  changes  in  the  membrane,  either  senile  in  character  or 
allied  to  senile  changes.  Atrophy  of  the  nerve  may  be  a  cause,  but  exists 
more  rarely  than  symptoms  suggest  (see  p.  671).  Very  acute  inflammation 
or  hemorrhage,  such  as  gave  rise  to  the  intense  symptoms  of  the  cases 
described  by  Meniere,  is  certainly  most  rare.  Another  very  rare  cause  is  a 
lesion  at  the  base  of  the  brain,  damaging  the  auditory  and  facial  nerves,  but 
such  cases  do  not  come  into  the  class  now  under  consideration,  in  which  the 
.  vertigo  itself  is  the  chief  symptom.  (  It  should  be  noted  that  attacks  may  be 
I  excited  by  almost  any  depressing  influence,  in  a  predisposed  subject.  )  The 
I  effect  of  stomach  derangement  will  be  again  considered,  and,  in  addition  to 
this,  I  have  known  attacks  to  be  brought  on  by  fatigue,  by  excitement  of 
various  kinds,  and  by  pain,  such  as  toothache. 

Symptoms. — The  vertigo  in  these  cases  presents  very  great  variation  in  its 
character.  It  is  almost  always  paroxysmal,  but  there  is  often  continuous 
slighter  vertigo,  sometimes  vague,  often  of  the  same  character  as  that  in  the 
attacks.  Less  commonly  there  is  no  vertigo  except  during  the  paroxysms, 
or  for  a  few  hours  or  a  few  days  afterward.  The  attacks  may  occur  at  inter- 
vals of  a  few  days  or  of  several  weeks  or  months ;  sometimes  many  attacks 
occur  daily.  They  may  come  on  spontaneously,  or  be  excited  by  some 
sudden  movement,  occasionally  by  coughing  or  sneezing.  Some  of  these 
patients  can  never  blow  the  nose  without  reeling.  An  attack  may  come  on 
during  sleep,  and  wake  the  patient. 

*  As  in  a  case  of  acute  deafness  and  giddiness  in  a  syphilitic  subject  (recorded  by  Moos, 
Virchow's  Archiv,  Bd.  69),  in  which  the  whole  labyrinth  was  occupied  by  semi-solid  inflam- 
matory material. 
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The  vertigo  may  be  subjective  or  objective,  or  both.  When  the  patient 
feels  as  if  turning  or  falling,  there  is  often  an  actual  tendency  to  turn  or  fall 
in  the  same  direction  during  the  severe  attacks.  A  tendency  to  go  forward 
or  backward  is  very  common,  with  or  without  a  lateral  tendency.  A  sense 
of  movement  in  external  objects  is  also  frequent,  and  this  may  present  all 
the  varieties  described  at  p.  1 121.  When  both  phenomena  are  combined,  it 
is  far  more  common  for  the  two  movements  to  correspond  in  their  direction 
than  for  them  to  be  in  opposing  directions.  The  other  aural  symptoms  are 
often  one-sided,  or  are  much  greater  on  one  side  than  on  the  other;  in  such 
cases  the  sense  of  movement  may  be  either  toward  or  from  the  ear  most 
affected.  When  the  subjective  and  objective  movements  correspond  in  direc- 
tion, they  are  generally  toward  the  affected  ear,  rarely  from  it.  When  they 
differ,  it  is  about  equally  common  for  the  subjective  movement  to  be  either 
toward  or  from  the  ear  affected,  and  this  is  also  true  of  the  apparent  move- 
ment of  objects.  It  must  be  remembered  that  when  the  difference  in  the 
degree  of  the  auditory  symptoms  is  slight,  the  excess  does  not  furnish  any 
strong  ground  for  inferring  that  the  cause  of  the  vertigo  is  greater  on  that 
side,  because  the  derangement  of  the  canals  may  be  greater  on  the  side  on 
which  the  cochlea  is  less  affected. 

The  paroxysms  of  vertigo  are  generally  sufficiently  severe  to  make  it  diffi- 
cult or  impossible  for  the  patient  to  stand,  and  in  many  instances  he  occa- 
sionally falls.  Sometimes,  indeed,  the  sufferer  is  hurled  to  the  ground  with 
violence,  as  if  by  some  unseen  power,  much  to  his  own  astonishment  and 
alarm.  Occasionally  there  is  a  sensation  as  of  a  blow  behind  the  ear,  but 
this  impression  is  probably  due  only  to  the  suddenness  and  violence  of  the 
vertigo.  When  on  the  ground,  it  may  be  impossible  for  the  patient  to  rise, 
so  intense  is  the  giddiness.  In  such  cases  there  is  certainly,  sometimes,  a 
moment's  loss  of  consciousness,  as  might  be  expected  from  the  intense 
derangement  of  the  functions  of  the  brain.  In  other  cases  sight  may  be 
indistinct  for  a  few  minutes.  After  severe  vertigo  has  lasted  for  a  short 
time,  nausea  comes  on,  followed  by  vomiting ;  the  patient  becomes  pale, 
and  a  cold  sweat  breaks  out.  The  pallor  and  physical  depression  are  often 
extreme,  and  very  alarming  in  aspect.  If  the  giddiness  persists,  the  vomit- 
ing may  go  on  for  some  hours,  and  after  the  stomach  has  been  emptied,  bile 
is  brought  up,  as  is  usual  in  continued  vomiting ;  this  is  popularly  regarded 
as  conclusive  proof  that  the  attack  was  due  to  "  biliousness."  The  vertigo 
is  often  increased  by  any  movement  of  the  head,  and  the  patient  may  be 
unable  to  raise  the  head  from  the  pillow  without  being  sick.  Gradually, 
however,  the  attack  passes  away,  but  for  a  few  days  the  patient  experiences 
more  than  the  ordinary  amount  of  vertigo,  and  the  interference  with  the 
functions  of  the  stomach  occasions  some  indigestion,  and  especially  some 
diarrhoea. 

Often  the  paroxysms  are  much  slighter  in  character,  and  are  unattended 
by  vomiting,  or  even  by  nausea.  There  may  be  merely  a  sudden  tendency 
to  fall,  or  sudden  movement  of  objects,  or  a  tendency  to  deviate  to  one  side 
in  walking. 


AURAL   VERTIGO.  1127 

Ocular  symptoms,  secondary  in  origin,  are  present  in  some  instances.* 
In  cases  of  ear  disease,  an  increase  of  pressure  within  the  ear,  as  by  press- 
ing firmly  the  antitragus  over  the  opening  of  the  meatus,  may  cause  nystag- 
mus. During  paroxysms  of  vertigo,  the  patient  may  be  conscious  of  a  jerky 
movement  of  objects,  a  quick  motion  in  one  direction  and  slow  return,  like 
that  sometimes  produced  by  nystagmus,  and  I  have  known  it  to  correspond 
with  intermitting  tinnitus.  This  apparent  movement,  as  well  as  nystag- 
mus, may  sometimes  be  caused  by  pressure  on  the  meatus,  f  I  have  several 
times  known  double  vision  to  occur  during  or  after  a  paroxysm  ;  in  one  case 
of  pure  aural  vertigo,  each  attack  was  followed  by  double  vision,  jerky 
movement  of  objects,  and  distinct  erroneous  projection  in  the  direction  of 
the  movement,  so  that,  if  the  patient  attempted  to  touch  an  object,  the  hand 
went  too  far  in  that  direction.  Slight  diplopia  is  sometimes  due  to  nystag- 
mus that  is  not  quite  equal  in  the  two  eyes. 

In  most  of  the  cases,  the  auditory  symptoms  comprise  both  tinnitus  and 
deafness.  These  correspond  in  side,  except  in  rare  cases  in  which  one  is 
bilateral.  The  deafness  may  present  every  degree  of  intensity,  but  is  gen- 
erally sufficient  to  be  a  source  of  trouble  to  the  patient,  and  always  involves 
hearing  through  the  bone  (see  p.  672).  In  the  cases  in  which  the  loss  of 
hearing  is  slight  and  unknown  to  the  patient,  it  is  generally  one-sided  ;  the 
watch  can  be  heard  loudly  through  the  bone  on  one  side,  and  not  at  all  on 
the  other,  or  the  notes  of  Galton's  whistle  (very  high-pitched  .sounds)  are 
inaudible  on  one  side,  and  the  loss  is  emphasized  by  corresponding  tinnitus. 
On  the  other  hand,  absolute  deafness  is  scarcely  ever  met  with,  perhaps 
because  when  all  hearing  is  lost  vertigo  usually  ceases. 

Tinnitus  is  present,  at  some  time,  in  the  vast  majority  of  the  cases,  and 
in  almost  all  is  persistent.  It  may  present  most  of  the  variations  described 
at  p.  677.  A  continuous  sound  is  the  most  common  ;  pulsating  sounds  are 
occasionally  described,  but  are  less  frequent  than  in  the  tinnitus  that  occurs 
without  vertigo.  The  intensity  of  the  sound  is  usually  moderate,  and  some- 
times slight,  but  it  often  becomes  more  intense  at  the  onset  of  a  paroxysm 
of  vertigo,  and  may  then  become  very  loud.  Thus  one  patient  who  habitu- 
ally heard  a  noise  like  a  distant  waterfall,  said  that  with  the  vertigo  it  rapidly 
increased  in  loudness,  and  was  like  an  express  train  coming  past  a  station, 
and  as  it  became  loudest  "it  seemed  to  force  on  the  giddiness."  It  is 
exceedingly  rare  for  the  noise  to  be  confined  to  the  paroxysms  of  vertigo. 
On  the  other  hand,  it  is  not  at  all  uncommon  for  there,  to  be  no  increase  of 
the  tinnitus  on  the  occurrence  of  the  giddiness. 

An  attack  of  vertigo,  however  severe  and  however  alarming  it  may  be  to 

*  According  to  Cyon,  irritation  of  each  of  the  semicircular  canals  produces  its  own  special 
effect  on  the  position  of  the  eyes. 

f  In  Brain,  vol.  iii,  Dr.  Hughlings  Jackson  describes  a  case  of  aural  vertigo  in  which 
objects  appeared  to  move  from  the  affected  ear  in  nystagmic  jerks,  and.  quotes  a  case  of  ear 
disease  in  which  pressure  caused  objects  to  appear  to  move  toward  the  affected  ear.  In  sev- 
eral cases  a  similar  spontaneous  movement  has  been  described  to  me,  and  cases  are  not  at  all 
rare  in  which  it  can  be  produced  by  pressure. 
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the  sufferer,  is  attended  with  little  danger.  Nevertheless  it  is  possible  that, 
in  a  patient  with  a  feeble  heart,  the  prostration  may  go  on  to  fatal  syncope. 
The  chief  danger,  however,  is  in  the  cases,  fortunately  extremely  rare,  in 
which  the  labyrinthine  lesion  is  intensely  irritating,  and  the  cerebral  dis- 
turbance induced  is  so  intense  as  to  lead  to  fatal  exhaustion. 

The  course  of  aural  vertigo  varies  according  to  the  nature  of  the  morbid 
process.  If  this  is  steadily  progressive,  the  symptoms  may  only  cease  when 
all  hearing  power  is  destroyed.  Happily,  however,  these  cases  are  rare  ;  in 
the  majority  either  the  changes  in  the  labyrinth  are  not  progressive,  and  the 
tendency  to  giddiness  lessens  in  the  course  of  time — or  else  the  tendency 
can  be  kept  down  by  treatment.  I  have  known  perfect  recovery  to  occur 
in  many  cases  in  which  the  attacks  of  giddiness  were  most  severe. 

Pathology. — The  chief  facts  regarding  the  pathology  of  labyrinthine 
vertigo  have  been  already  mentioned,  but  one  or  two  other  points  remain 
for  consideration.  We  must  refer  the  vertigo  to  changes  in  the  semicircular 
canals,  but  how  it  results  from  these  changes  we  do  not  know.  Apparently 
it  is  by  the  stimulation  of  the  fibres,  rather  than  by  simple  diminution  of 
function,  that  the  giddiness  is  produced.  This  conclusion  is  suggested  by 
the  results  of  experiments  on  animals,  and  is  in  harmony  with  the  fact  that 
there  may  be  gradual  loss'  of  function,  to  judge  by  progressive  deafness, 
without  vertigo.  Thus  the  morbid  process  is  more  nearly  allied  to  that 
which  causes  tinnitus  than  to  that  which  causes  deafness. 

It  is  possible,  however,  that  the  irritation  of  the  canal  fibres  may  produce 
vertigo  in  more  than  one  way.  Sometimes  the  sensation  may  be  the  direct 
effect  of  the  morbid  action,  but,  as  we  have  seen,  it  is  highly  probable  that 
the  paroxysms  of  vertigo  are  only  indirect  effects  of  the  labyrinthine  irrita- 
tion. The  latter  brings  the  centre  for  equilibration  (or  the  centre  in  which 
the  centripetal  influences  are  coordinated)  into  a  state  of  instability,  in 
which  a  sudden  violent  derangement  may  occur  on  some  slight  exciting 
influence,  or  even  without  any  excitant  that  can  be  traced.  This  conclusion 
is  indicated  by  the  extreme  intensity  of  many  paroxysms,  in  which  the 
sufferer  is  hurled  to  the  ground  with  convulsive  violence,  without  any  coinci- 
dent indication  of  special  aural  disturbance.  In  some  cases  a  slight  aural 
disturbance  may  perhaps  excite  the  paroxysm,  but  even  when  a  sudden  loud 
subjective  sound  occurs  as  the  vertigo  comes  on,  we  cannot  take  this  as 
proof  of  a  labyrinthine  irritation  of  corresponding  intensity,  because  it  is 
possible,  and  even  probable,  that  the  sound  is  the  result  of  the  vertiginous 
discharge  spreading  to  the  centres  through  which  normal  tinnitus  is  per- 
ceived, and  that  the  sound  is  thus  part  of  the  attack,  rather  than  an  indica- 
tion of  its  cause.  This  view  of  the  nature  of  the  attacks  enables  us  to 
understand  that  severe  paroxysms  may  occur  when  the  labyrinthine  change 
is  apparently  slight,  and  also  the  cooperation  of  stomach  disturbance  in 
exciting  the  paroxysms. 

Diagnosis. — The  diagnosis  of  labyrinthine  vertigo  depends  on  the  coin- 
cidence of  vertigo  of  definite  character  with  indications  of  derangement  of 
the  functions  of  the  labyrinth — tinnitus,  and  deafness  not  due  to  impair- 
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ment  of  the  conduction  through  the  external  meatus  or  middle  ear.  The 
indications  of  this  have  been  already  described  (p.  672).  If  the  loss  of 
hearing  is  trifling,  its  significance  is  greater  if  it  is  one-sided.*  It  must  be 
remembered  that  the  fact  that  paroxysms  are  excited  by  stomach  disturbance 
does  not  prove  that  the  vertigo  is  simply  gastric.  I  know  a  gentleman  who 
all  his  life  has  been  liable  to  attacks  of  acute  dyspepsia,  but  they  were  never 
attended  with  giddiness  until  he  became  deaf;  afterward,  each  dyspeptic 
attack  was  accompanied  by  severe  vertigo.  The  diagnosis  of  aural  vertigo 
is  occasionally  helped  by  the  fact  that  giddiness  may  be  brought  on  by  a 
sudden  movement  of  the  head  in  one  direction  and  not  in  another,  or  by 
suddenly  increasing  the  pressure  in  one  ear. 

Cases  of  epilepsy,  in  which  the  aura  is  an  auditory  sensation  accompanied 
by  giddiness,  may  be  mistaken  for  labyrinthine  vertigo.  The  distinction  ' 
depends  on  the  fact  that  in  the  latter  there  is  usually  persistent  tinnitus, 
impaired  audition,  and  more  or  less  constant  slight  vertigo,  while  loss  of 
consciousness  is  extremely  rare,  and  is  confined  to  an  occasional  very 
violent  paroxysm.  Such  a  paroxysm  is  followed  by  vomiting  and  by  pro- 
longed giddiness.  In  epilepsy,  loss  of  consciousness  is  the  rule  ;  there  is  no 
subsequent  vertigo,  and  indications  of  a  convulsive  seizure  can  usually  be 
ascertained.  It  must  be  remembered  that  the  two  diseases  sometimes  coexist. 

It  is  a  very  common  thing  for  aural  vertigo  to  be  mistaken  for  a  slight 
attack  of  organic  cerebral  disease,  congestion,  or  an  actual  vascular  lesion. 
The  error  generally  arises  from  ignorance  of  the  occurrence  and  frequency 
of  labyrinthine  vertigo,  and  it  is  then  a  mistake  easily  made,  because  the 
prostration  and  pallor  that  are  the  consequence  of  the  giddiness  are  very 
like  those  that  result  from  a  cerebral  lesion.  The  diagnosis  rests  on  the 
ahsence  of  other  symptoms  of  such  a  lesion  on  the  one  hand,  and  on  the 
presence  of  aural  symptoms  on  the  other,  while  in  most  cases  the  decision 
is  much  helped  by  the  fact  that  the  patient  has  had  other  attacks  of  simple 
giddiness,  which  are  as  significant  if  they  have  been  slight  as  if  they  have 
been  severe.  In  a  cerebral  attack,  loss  of  consciousness  is  out  of  proportion 
to  the  vertigo,  whereas  in  the  other  it  is  slight,  often  imperfect,  and  clearly 
subordinate  to  the  intensity  of  the  giddiness. 

Prognosis. — The  prognosis  is  distinctly  serious  chiefly  in  cases  of  steadily 
progressive  disease  of  the  labyrinth,  in  which  the  symptoms  may  persist  in 
spite  of  all  treatment,  until  complete  destruction  of  the  nerve  endings  brings 
a  cessation  alike  of  the  giddiness  and  of  the  power  of  hearing.  It  is  still 
more  grave  in  the  case  of  extreme  severity  from  acute  lesions,  but  these  are 
so  rare  that  they  scarcely  influence  the  general  prognosis.  In  most  other 
cases  the  prognosis,  although  uncertain,  is  not  definitely  bad  ;  improvement 
is  exceedingly  common,  and  in  many  cases  goes  on  to  recovery. 

Treatment. — In  the  treatment  of  aural  vertigo  we  must  recognize  the 


*  In  one  case,  for  instance,  even  the  watch  could  be  heard  perfectly  through  the  bone  on 
either  side,  but  Galton's  whistle  was  quite  inaudible  with  one  ear,  and  readily  heard  on  the 
other  side.     This  was  absolute  proof  of  changes  in  the  nerve  endings. 
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double  element  in  the  pathology  of  the  disease,  the  labyrinthine  irritation, 
and  the  central  instability  induced  by  the  irritation  ;  the  latter  may  be  to 
some  extent  in  excess  of  its  cause.  For  the  central  condition  no  agent  has 
so  much  influence  as  bromide,  which  almost  always  lessens  the  tendency  to 
vertigo,  and,  when  this  is  slight,  may  remove  it  altogether.  Twenty  grains 
should  be  given  two  or  three  times  a  day,  and  the  addition  to  each  dose  of 
a  few  minims  of  tincture  of  belladonna  seems  to  increase  its  effect.  Hydro- 
bromic  acid  has  been  recommended,  but  must  be  converted  into  bromide  in 
the  blood,  and  only  a  quite  inadequate  dose  of  bromide  can  be  given  in  the 
acid  form. 

The  local  irritability  is  commonly  lessened  by  counter-irritation,  whether 
the  lesion  is  inflammatory  or  degenerative.  The  most  effective  counter- 
'  irritant  is  a  small  blister  over  the  mastoid  process.  It  is  remarkable  how 
rapid  and  marked  may  be  the  effect  of  a  blister  on  all  the  symptoms,  espe- 
cially in  recent  cases.  Drugs,  unfortunately,  have  very  little  influence  over 
morbid  processes  in  the  labyrinth,  unless  these  are  of  a  specific  nature. 
Syphilitic  inflammation  can  be  readily  removed,  and  the  more  common 
gouty  changes  can  be  lessened  in  a  very  marked  degree  by  appropriate 
treatment.  In  the  latter  class  I  have  several  times  known  treatment  remove 
not  only  the  vertigo,  but  the  tinnitus  and  the  deafness,  so  that  even  the 
power  of  hearing  through  the  bone,  before  completely  lost,  became  normal. 
Purgatives,  alkalies,  and  colchicum  were  the  effective  agents,  but  it  is  desir- 
able to  employ  also  counter-irritation,  and  at  first  to  give  bromide  also,  in 
order  to  lessen  the  morbid  irritability  of  the  centre.  The  bromide  of  lith- 
ium is  a  convenient  salt  to  use  in  these  cases,  if  its  higher  price  is  not  an 
obstacle.  It  must  be  remembered,  however,  that  degenerative  changes 
occur  earlier  in  gouty  subjects  than  in  others,  and  hence,  in  such  patients, 
the  change  in  the  labyrinth  does  not  always  prove  amenable  to  the  special 
treatment. 

We  can  get  little  help  from  drugs  in  dealing  with  other  chronic  changes 
in  the  labyrinth.  Charcot  first  suggested  that  agents  which  have  a  special 
action  on  this  structure  may  possibly  exert  an  influence  antagonistic  to  the 
morbid  process.  With  this  object  he  gave  large  doses  of  quinine,  so  as  to 
produce  cinchonism.  The  patients  were  worse  for  the  time  being,  but  when 
the  influence  of  the  quinine  had  passed  away,  some  of  them  were  distinctly 
better.  I  have  not  found  the  effect  of  quinine  so  satisfactory  as  that  of 
salicylate  of  soda,  and  I  think  that  more  good  is  done  by  giving  it  in  mod- 
erate doses,  five  grains  three  times  a  day,  than  by  administering  it  in  such 
quantities  as  to  produce  toxic  ear  symptoms.  In  several  cases  in  which 
other  treatment  had  failed,  the  moderate  doses  of  salicylate  rendered  both 
the  vertigo  and  tinnitus  less  troublesome. 

It  is  important  to  treat  any  morbid  influence  that  may  cooperate  in  excit- 
ing the  vertigo.  The  general  health  must  be  improved  by  tonics ;  exposure 
of  the  head  to  cold  should  be  avoided,  and  the  bowels  should  be  kept  open. 
Of  special  importance  is  the  treatment  of  the  dyspepsia  which  often  coex- 
ists and  has  a  very  powerful  influence  in  exciting  the  giddiness.     As  far  as 
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practicable,  patients  who  are  liable  to  vertigo  should  avoid  stooping,  and 
sudden  movements  of  the  head. 

Nocturnal  Vertigo. — Most  persons,  perhaps  all,  have  been  occasionally 
disturbed  when  falling  asleep,  or  just  after  going  to  sleep,  by  a  sudden  sen- 
sation of  falling  from  a  height.  Sometimes  it  is  accompanied  by  a  dream. 
I  believe  that  this  is  really  slight  labyrinthine  vertigo,  due  to  spasmodic 
contraction  of  a  tympanic  muscle,  which  suddenly  changes  the  pressure 
within  the  labyrinth.  Those  who  wake  up  quickly  during  this  sensation 
may  distinctly  hear  the  peculiar  vibratory  sound  characteristic  of  intra-aural 
muscular  contraction.  It  is  identical  in  character  with  that  which  many 
persons  may  produce  at  will  by  contracting  the  orbicularis  palpebrarum,  and 
at  the  same  time  turning  the  eyeballs  upward.  What  muscle  contracts  is 
uncertain  ;  it  is  perhaps  the  stapedius,  which  would  suddenly  lessen  the 
pressure  in  the  labyrinth.  As  soon  as  the  sound  of  the  contraction  ceases, 
the  sense  of  falling  ceases  also.  These  attacks  may  be  prevented  by  a  dose 
of  bromide. 

OTHER  FORMS  OF  VERTIGO. 

We  have  seen  that  it  is  exceedingly  rare  for  definite  vertigo  to  occur  apart 
from  aural  symptoms,  and  it  is  certain  that,  in  the  majority  of  cases  in  which 
such  vertigo  has  been  ascribed  to  other  causes,  these  have  only  had  an  excit- 
ing influence,  and  the  symptom  has  been  essentially  due  to  the  effect  of 
unobtrusive  labyrinthine  disease,  bringing  the  centre  into  an  unstable  con- 
dition. This  is  certainly  true  of  the  majorityof  cases  of  gastric  vertigo 
which  was  formerly  thought  to  be  so  common  ;  the  mere  presence  of  dys- 
pepsia was  regarded  as  a  sufficient  explanation  of  the  giddiness.  Certainly 
vertigo  of  purely  gastric  origin  does  not  constitute  more  than  five  per  cent, 
of  the  cases  in  which  definite  giddiness  is  the  prominent  symptom.*  The 
giddiness  met  with  in  such  cases  is  similar  to  that  above  described  as  met 
with  in  the  aural  form.  The  diagnosis  rests  on  the  fact  that  it  distinctly  fol- 
lows stomach  disturbance  and  no  other  cause  can  be  discovered.  The  treat- 
ment needed  is,  first,  that  for  the  gastric  disorder,  and  secondly,  the  reduc- 
tion of  the  central  irritability  by  bromide. 

Vertigo  occurs,  in  slight  and  vague  form — a  mere  sense  of  unsteadiness — 
as  a  symptom  of  many  morbid  conditions,  in  which,  however,  it  is  subordi- 
nate to  other  more  characteristic  symptoms.  Thus  it  is  met  with  in  anaemia, 
in  hysteria,  and  in  various  conditions  of  nervous  weakness.  It  is  met  with, 
although  rarely,  as  part  of  an  attack  of  migraine.  It  occurs,  also,  in  the  old 
whose  brains  are  ill  nourished,  in  consequence,  perhaps,  of  arterial  degenera- 
tion, and  also  at  the  onset  of  various  vascular  lesions  of  the  brain,  of  which 

*  I  do  not  think  it  is  quite  certain  that  there  is  such  a  thing  as  definite  vertigo  of  purely 
gastric  origin.  Thirty  years  ago  80  per  cent,  of  cases  of  giddiness  were  supposed  to  be  due 
solely  to  the  stomach.  But  we  now  know  that  in  90  per  cent,  of  the  cases  of  definite  giddi- 
ness a  morbid  state  of  the  labyrinth  is  the  real  cause  of  the  vertigo.  It  is  possible  that  in  the 
small  remainder,  of  apparently  stomach  giddiness,  there  is  some  other  influence  that  is  the 
real  cause,  e.  g.  a  morbid  state  of  the  semicircular  canals  causing  no  auditory  symptoms,  and 
so  not  to  be  detected  save  by  its  effects. 
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it  may  be  a  premonitory  symptom.  It  is  conspicuous  in  some  cases  of  intra- 
cranial tumor,  especially  tumors  of  the  cerebellum  or  of  the  pons  Varolii 
(see  pp.  530  and  718). 

Definite  vertigo  is  occasionally  met  with  apart  from  any  recognizable 
morbid  state,  aural,  gastric,  or  other,  to  which  it  can  be  ascribed.  This 
form,  in  ignorance  of  its  nature,  has  been  termed  essential  vertigo.  Cases  so 
described  were  formerly  often  met  with  ;  now  they  are  extremely  rare,  and 
it  is  not  unlikely  that,  with  more  exact  observation,  they  will  disappear 
altogether.     The  treatment  of  such  cases  is  that  of  vertigo  generally. 


NEURALGIA. 

The  word  "  neuralgia  "  means  simply  "  nerve  pain ;"  such  pain  may  be 
due  to  actual  disease  of  a  nerve  trunk,  by  which  its  fibres  are  irritated,  or  it 
may  occur  without  any  organic  lesion.  It  is  true  that  the  absence  of  such 
morbid  change  cannot  often  be  proved  by  actual  microscopical  examina- 
tion, but  the  transient  character  of  the  pain,  and  its  migration  from  one 
part  to  another,  frequently  afford  strong  confirmation  of  the  opinion 
that,  in  a  large  number  of  the  cases  of  local  nerve  pain,  the  symptoms  are 
not  due  to  actual  organic  change.  Two  classes  of  neuralgias  have  been  dis- 
tinguished— "  symptomatic  "  in  which  the  pain  is  a  symptom  of  organic  dis- 
ease of  the  nerves,  and  "idiopathic,"  in  which  the  malady,  in  the  first 
instance,  at  least,  consists  only  in  functional  disturbance.  Both  of  these 
forms  have  been  called  "neuralgia"  by  some  writers.  By  others,  however, 
the  term  is  restricted  to  the  idiopathic  class,  and  this  seems  to  be  the  only 
logical  course.  It  is  manifestly  unreasonable  to  describe  inflammation  of 
nerves  as  "  neuralgia  "  when  it  causes  much  pain  and  few  other  symptoms, 
and  as  "neuritis  "  when  other  symptoms  predominate  over  pain.  But  the 
distinction  of  the  two  forms  of  nerve  pain  is  often  very  difficult  in  practice. 
In  some  forms  described  as  neuralgia,  the  pain  has  certainly  been  generally 
the  result  of  neuritis.  This  is  the  case,  for  instance,  with  sciatica,  which, 
as  stated  in  the  account  of  that  disease  (page  103),  is  generally  an  inflam- 
mation of  the  nerve.  Yet,  not  only  has  the  common  form  of  sciatica 
been  described  as  a  neuralgia,  but  its  symptoms  have  been  allowed  to  influ- 
ence the  description  of  neuralgia  in  general.  In  ascertaining  the  clinical 
history  of  neuralgia,  it  is  therefore  of  great  importance  that  only  cases 
should  be  used  in  which  a  primary  organic  lesion  of  the  nerve  trunk  or 
centres  can  be  excluded  with  reasonable  confidence.  This  limitation  does 
not,  however,  exclude  organic  lesions  of  nerve  endings.  In  many  cases 
some  structural  irritation  of  the  termination  of  nerves  sets  up  a  neuralgia  .of 
wide  range,  and  out  of  all  proportion  to  its  cause.  Such  cases  are  classed 
among  neuralgias,  and  are  very  different  from  those  in  which  a  primary 
lesion  of  a  nerve  trunk  causes  local  and  limited  pain. 

The  subject  of  neuralgia  is  a  very  large  one,  so  numerous  are  the  forms 
of  the  disease,  and  so  varied  its  characters.     It  will  be  most  instructive  to 
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consider  the  general  causes  and  symptoms  of  the  affection,  and  also  its  gen- 
eral pathology,  before  describing  its  special  varieties. 

Etiology. — Neuralgia  is  essentially  a  disease  of  adult  life.  It  is  rare 
before  puberty,  and  is  not  common  in  extreme  old  age,  although,  when 
the  disea.se  does  commence  late  in  life,  it  is  often  very  severe  and  intractable. 
Most  cases  commence  between  twenty  and  sixty  years.  Children  enjoy  an 
almost  complete  immunity  from  true  neuralgia,  although  very  liable  to 
certain  headaches  which  do  not  come  under  this  category.  Women  are  more 
prone  to  neuralgia  than  men,  but  the  degree  of  their  liability  has  often  been 
over-estimated,  and  the  excess  of  females  among  the  sufferers  disappears  in 
the  second  half  of  life.  Moreover,  the  relative  liability  of  the  sexes  is  not 
the  same  in  the  several  varieties.  The  tendency  to  neuralgia  is  often  heredi- 
tary, although  not  so  frequently  as  in  the  case  of  migraine.  Anstie  found 
evidence  of  heredity  in  only  one-quarter  of  his  cases.  Sometimes  the 
inherited  tendency  is  not  special  but  general,  indicated  by  the  occurrence 
in  ancestors  or  collaterals  of  epilepsy,  insanity,  and  other  neuroses. 

The  subjects  of  neuralgia  often  present  a  peculiar  temperament.  They 
are  what  is  popularly  called  "  nervous  " — excitable,  often  irritable,  anxious, 
worrying  over  the  trifling  ills  of  life,  sleeping  badly,  and  are  often  extremely 
liable  to  headaches  not  distinctly  neuralgic  in  character.  In  many  patients 
the  neuralgic  tendency  is  deeply  rooted ;  they  suffer  from  neuralgia  first  in 
one  situation  and  then  in  another,  during  the  course  of  years.  The  disease 
is  more  frequent  in  those  of  weakly  constitution  than  in  the  robust,  but  the 
latter  do  not  enjoy  complete  immunity.  Among  the  constitutional  relations 
of  neuralgia,  those  to  rheumatism  and  gout  are  especially  important.  The 
connection  with  rheumatism  is  often  conspicuous,  and  is  seen  in  several 
aspects.  Persons  who  are  liable  to  rheumatism  of  the  fibrous  tissues  some- 
times suffer  from  pains  which  have  both  rheumatic  and  neuralgic  characters^ — 
not  specially  related  to  the  nerves  in  situation,  and  yet  paroxysmal  and  uncon- 
nected with  movement.  Such  pains  are  especially  frequent  in  the  limbs  and 
back.  Women  who  suffer  from  rheumatoid  arthritis  are  often  also  liable  to 
true  neuralgias  of  great  severity.  A  young  lady,  for  instance,  suffered  for 
several  months  from  severe  paroxysms  of  pain  in  one  shoulder  and  the  dor- 
sal spine,  apparently  neuralgic ;  these  ceased,  and  she  was  immediately 
attacked  by  subacute  rheumatoid  arthritis.  Lastly,  both  rheumatic  affec- 
tions and  neuralgia  are  certainly  sometimes  due  to  gout,  and  probably,  not 
infrequently,  to  inherited  gout. 

Among  the  exciting  causes  of  neuralgia,  as  among  those  that  are  remote, 
impairment  of  general  health  takes  the  first  place.  The  affection  may  be 
excited  by  any  kind  of  debilitating  influence  ;  overwork  of  mind  or  body, 
over-lactation,  prolonged  fatigue,  and  anaemia  of  every  degree  and  causa- 
tion, are  frequently  met  with  as  its  immediate  antecedents.  Certain  forms 
of  sensory  fatigue,  as  over-stimulation  of  the  eyes,  sometimes  seem  to  have  a 
special  influence.  Severe  emotion,  or  its  physical  analogue,  mechanical  con- 
cussion, are  also  occasional  exciting  causes  ;  the  former  is  often  combined 
with  the  latter.     As  examples  of  the  influence  of  emotion  two  cases  may  be 
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mentioned,  one  of  slight,  the  other  of  severe,  neuralgia,  thus  induced.  A 
lady  was  intensely  distressed  after  parting  with  her  husband,  who  was  going 
to  America.  She  felt  on  the  point  of  bursting  into  tears,  and  as  if  the 
tears  would  give  her  relief.  Her  sister  said,  "  Do  not  cry  :  you  shall  not 
cry."  By  an  effort  she  succeeded  in  restraining  her  tears,  but  was  .immedi- 
ately conscious  of  a  sense  of  intense  pressure  above  the  eyebrows,  and  a  few 
days  later  severe  supra-orbital  neuralgia  came  on  upon  the  left  side,  and 
lasted  for  several  weeks.  A  girl  of  eighteen  was  much  startled  and  alarmed 
by  the  unexpected  discharge  of  a  gun  close  beside  her.  The  same  evening 
facial  neuralgic  pain  came  on,  and  continued  for  five  years  in  most  violent 
paroxysms,  sometimes  on  one  side,  sometimes  on  the  other.  In  this  connec- 
tion it  may  be  noted  that  the  fifth  nerve  is  especially  related  to  emotion, 
both  by  influencing  the  secretion  of  tears  and  also  as  the  sensory  nerve  of 
the  chief  region  of  emotional  display — the  face. 

No  single  actual  excitant  of  neuralgia  is  so  frequent  as  exposure  to  cold, 
sometimes  general,  sometimes  local  and  affecting  the  part  in  which  the  neu- 
ralgia is  felt.  Valleix  found  a  history  of  exposure  to  cold  in  one-third  of  his 
cases.  Cold  may  not  only  produce  neuralgia,  it  may  also  excite  paroxysms  of 
pain  when  the  neuralgia  is  due  to  some  other  cause.  Another  frequent  cause 
is  the  irritation  of  nerves,  especially  near  their  peripheral  distribution.  The 
pain  often  extends  far  beyond  the  area  supplied  by  the  irritated  nerve.  A 
common  example  is  the  widespread  pain  that  may  result  from  the  irritation 
of  a  carious  tooth ;  the  pain  may  extend  into  other  divisions  of  the  fifth 
nerve,  and  even  into  the  region  of  the  cervical  plexus.  Moreover,  the  pain 
may  be  felt  only  or  chiefly  in  some  other  region  than  that  in  which  it  is  pro- 
duced. Thus,  I  have  known  severe  neuralgia  confined  to  the  second  divi- 
sion of  the  fifth  to  be  due  to  a  carious  tooth  in  the  lower  jaw,  and  cease 
entirely  when  this  was  extracted.  Traumatic  lesions  of  nerves  constitute 
another  cause,  relatively  infrequent,  but  very  important  on  account  of  the 
extreme  obstinacy  of  the  pain  they  cause. 

Toxic  influences  often  give  rise  to  neuralgia.  The  most  frequent  are  alco- 
holism, lead  ppisoning  and  the  presence  of  an  excess  of  sugar  in  the  blood. 
The  influence  of  some  of  these  causes  in  producing  neuralgia  is,  however, 
probably  less  than  has  been  assumed,  because  we  now  know  that  the  nerve 
pains  that  are  caused  by  them  are  sometimes  the  expression  of  actual  neuritis. 
This  is  especially  the  case  with  the  pains  of  alcoholism.  Nevertheless,  when 
all  cases  are  excluded  in  which  there  is  reason  to  believe  that  neuritis  exists, 
there  remain  many  others,  which,  from  their  character,  must  be  regarded  as 
neuralgic.  It  is  intelligible  that  a  condition  which  has  such  an  influence  as 
to  produce  actual  inflammation  of  nerves,  should  often  irritate  them  so  as  to 
cause  neuralgia.  This  statement  is  also  applicable  to  gout,  the  influence  of 
which  has  been  already  mentioned.  Both  neuritis  and  neuralgia  may  unques- 
tionably result  from  acquired  and  inherited  gout.  Malaria  is  a  powerful 
cause  of  neuralgia,  but  its  influence  is  seldom  seen  in  this  country. 

Symptoms  Generally.— The  great  symptom  of  neuralgia  is  pain,  spon- 
taneous, paroxysmal,  and  felt  in  certain  regions  of  nerve  distribution.     It  is 
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usually  unilateral ;  when  bilateral  it  is  almost  always  symmetrical  in  distribu- 
tion. Usually  the  pain  is  constant  in  seat  for  a  time,  it  may  be  for  many 
years.  In  other  cases  it  changes,  now  in  one  part,  now  in  another.  Thus, 
a  girl  aged  fifteen  had  suffered  for  two  years  from  paroxysms  of  intense  pain 
in  various  parts — arms,  legs,  back,  different  parts  of  the  head — and  occasion- 
ally universal. 

The  pain  is  never  constant  in  degree;  there  are  paroxysms,  with  intervals 
of  complete  freedom,  or  there  is  a  slight,  continuous  pain,  with  intense  exacer- 
bations. Continuous  pain  may  be  merely  a  dull  ache,  but  it  is  generally  acute 
and  sharp  during  the  paroxysms,  and  is  described  as  "  darting,"  "stabbing," 
"  boring,"  "  burning,"  etc. ;  often  the  sufferer  can  find  no  words  to  express  its 
exact  character.  The  sharp  pain  generally  has  a  darting  character.  A  series 
of  sudden  sharp  pains  occur  every  few  minutes ;  the  series  of  successive  pains 
constitute  a  paroxysm,  and  a  series  of  paroxysms  an  attack.  The  intervals 
between  the  attacks  present  extreme  variation,  and  are  sometimes  remarkably 
long  in  proportion  to  the  severity  of  the  pain.  Thus,  one  patient  will  have 
attacks  daily  during  several  years,  while  in  another  (as  in  an  actual  instance) 
intervals  of  many  months  separate  groups  of  attacks  of  most  intense  pain, 
each  group  lasting  only  a  few  days.  In  such  paroxysms  it, is  usual  for  the 
pains  to  commence  suddenly,  but  they  are  rarely  as  severe  at  first  as  they 
subsequently  become.  Sometimes  a  peculiar  sensation,  such  as  throbbing, 
heralds  each  attack  of  pain.  The  attacks  gradually  increase  in  intensity, 
and  in  each  attack  the  separate  paroxysms  may  present  a  characteristic  aug- 
mentation and  decrease. 

The  pain  is  rarely  referred  to  the  skin  ;  usually  it  is  more  deeply  seated, 
and  often  corresponds  to  the  position  of  a  nerve  trunk  and  branches.  The 
throbs  of  pain  sometimes,  but  seldom,  coincide  with  the  arterial  pulsations. 
There  is  often  a  darting  movement  of  the  pain,  usually  toward  the  periphery 
— centrifugal — less  commonly  from  the  periphery — centripetal ;  still  less 
commonly  the  pain  darts  alternately  in  both  directions.  Sometimes  it  seems 
to  be  localized  in  a  single  point,  and  then  has  usually  a  boring  character. 
When  most  intense  the  darting  pains  seem  to  radiate  to  other  nerve  regions 
adjacent  to  that  in  which  it  is  chiefly  felt. 

The  duration  of  each  attack  varies  according  to  the  number  of  paroxysms 
and  their  length.  Rarely  there  is  a  single  momentary  pain,  and  it  is  over 
for  the  time.  Commonly  an  attack  lasts  several  minutes,  sometimes  for 
hours.  When  there  is  freedom  from  pain,  in  the  intervals  there  is  sometimes 
a  peculiar  sensation  in  the  part,  not  amounting  to  actual  pain.  The  inter- 
vals vary  in  duration  from  a  few  hours  to  several  months.  Often  an  approxi- 
mate periodicity  exists ;  exact  periodicity  is  met  with  in  malarial  cases,  in 
which  it  may  be  singularly  precise,  the  pain  commencing  at  the  same  hour 
each  day.  The  intervals  in  such  cases  rarely  exceed  four  days.  Now  and 
then  the  periodicity  is  exact  in  cases  that  are  not  malarial.  The  pain  may 
be  worse  at  the  catamenial  periods,  and  I  have  once  known  a  fifth-nerve 
neuralgia  to  occur  only  at  those  times.     When  there  is  continuous  pain  in 
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the  intervals  between  the  paroxysms,  it  is  moderate  in  degree,  supportable 
in  itself,  but  often  most  trying  to  the  patient,  as  it  prevents  rest. 

The  paroxysms  and  attacks  are  often  induced  by  certain  influences,  exter- 
nal or  internal,  such  as  by  exposure  to  cold,  sometimes  by  warmth,  by  move- 
ment, posture,  or  emotion.  In  some  cases  there  is  remarkable  sensitiveness 
to  atmospheric  influences.  When  the  paroxysms  occur  at  regular  intervals, 
an  influence  that  will  induce  the  pain  when  it  is  "due,"  may  be  powerless 
immediately  after  an  attack.  During  a  paroxysm,  the  influences  that  will 
bring  it  on  usually  intensify  the  pain.  Movement  is  especially  influential  in 
the  neuralgias  of  the  fifth  nerve ;  the  slightest  motion  of  the  jaws  may  bring 
on  the  pain.  A  touch  on  the  skin  may  have  the  same  effect ;  nevertheless, 
in  many  cases,  although  slight  pressure  increases  the  pain,  firm  pressure  gives 
distinct  relief,  and  even  when  mere  contact  with  the  skin  causes  an  exacer- 
bation, rough  rubbing  may  distinctly  relieve  the  suffering.  This  difference, 
however,  is  not  always  to  be  observed.  Occasionally  alcohol,  even  in  small 
quantities,  invariably  intensifies  or  induces  the  pain ;  in  other  cases  it  gives 
relief.* 

This  increased  sensitiveness  of  the  skin  is  a  very  common  accompaniment 
of  the  pain.  It  may  involve  all  forms  of  sensation,  although  thermic  impres- 
sions much  less  commonly  occasion  pain  than  does  a  touch.  Sometimes  the 
tactile  impression  seems  to  be  felt  as  pain  ;  more  often  it  excites  an  increase 
in  the  true  neuralgic  pain.  The  hyperesthesia,  or  hyperalgesia,  is  usually 
limited  to  the  region  in  which  the  spontaneous  pain  is  felt.  When 
this  pain  follows  the  course  of  a  nerve,  it  is  commonly  most  intense 
at  certain  spots,  and  at  these  places  pressure  may  cause  a  special  increase 
in  the  suffering.  In  the  intervals  between  the  paroxysms,  these  spots 
may  remain  tender,  and  pressure  upon  them  may  induce  a  paroxysm. 
They  are  not  usually  present  until  the  disease  has  lasted  for  some  time.  In 
recent  cases,  and  when  the  attack  occurs  only  at  long  intervals,  although 
there  is  no  persistent  tenderness,  the  pain  may  be  increased  during  the  par- 
oxysm by  pressure  on  certain  places.  The  tender  points  were  first  studied 
by  Valleix,  and  hence  are  often  called  after  him.  They  are  present  in 
about  half  the  cases  ;  when  absent  there  is  sometimes  diffuse,  ill-defined  ten- 
derness in  certain  areas.  When  the  tender  points  are  well  marked  and 
definite,  they  are  tolerably  uniform  in  their  position,  and  for  the  most  part 
correspond  either  to  the  place  at  which  a  nerve  trunk  emerges  from  a  bony 
canal,  passes  over  a  hard  structure,  or  passes  through  a  fascia  to  become 
superficial,  or  to  the  point  of  division  of  a  nerve  trunk,  or  to  an  anastomosis 
of  two  nerve  trunks.  Their  exact  situation  will  be  mentioned  in  the  descrip- 
tion of  the  several  varieties  of  neuralgia. 


*  Very  curious  facts  are  sometimes  met  with  in  regard  to  the  induction  of  the  pain.  Thus, 
in  one  patient,  intense  frontooccipital  neuralgic  pain  was  excited  by  every  act  of  defecation. 
This  action,  in  some  cases,  has  a  very  peculiar  influence  on  the  nervous  system,  and  so  also 
has  micturition,  as  the  familiar  shiver  shows.  I  have  known  micturition  to  be  frequently 
attended  with  a  moment's  loss  of  consciousness. 
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There  is  occasionally  tenderness  of  the  vertebral  spine  corresponding  to 
the  origin  of  the  painful  nerve,  the  point  apophysaire  of  Trousseau.  It  is 
probable,  as  Anstie  pointed  out,  that  the  relation  of  this  to  neuralgia  has 
been  exaggerated.  Tenderness  of  certain  vertebral  spines  is  common  apart 
from  neuralgia,  and  there  is  not  always  a  close  correspondence  between  the 
position  of  the  spinal  tenderness  and  the  seat  of  the  neuralgia.  In  trigem- 
inal neuralgia,  for  instance,  there  may  be  tenderness  of  the  cervical  spines. 
It  is  said  (by  Brenner)  that  the  spots  of  spinal  tenderness,  when  undiscover- 
able  by  pressure,  may  sometimes  be  detected  by  a  weak  voltaic  current, 
causing,  in  those  positions,  distinct  pain. 

Other  sensory  disturbances  are  occasionally  observed  in  neuralgia.  It  is 
said  that  the  onset  of  the  pain  is  sometimes  preceded  by  numbness,  tingling, 
etc.,  in  the  affected  area,  but  it  is  doubtful  whether  this  is  true  of  simple 
neuralgia.  Occasionally  the  attack  of  pain  is  followed  by  transient  anaes- 
thesia. Persistent  diminution  of  sensibility  is  only  met  with  in  cases  of 
"symptomatic  neuralgia,"  in  which  there  are  structural  changes  in  the 
nerves.  Increased  sensitiveness  to  pain  (hyperalgesia)  in  the  whole  area  of 
the  neuralgia  is  not  uncommon.  Vomiting  is  rarely  associated  with  simple 
neuralgia,  although  in  migraine,  the  pain  which  terminates  in  vomiting  is 
often  of  a  neuralgic  character,  either  localized  in  the  temporal  branch  of  the 
fifth,  or  more  extensively  distributed  over  the  cranium.  Now  and  then  par- 
oxysms of  true  neuralgia  end  in  vomiting,  an  interesting  link  of  association 
with  migraine.  I  have  met  with  this  in  two  cases  of  neuralgia ;  one, 
bilateral,  in  the  anterior  branches  of  the  cervical  plexus,  and  the  other  in 
the  two  upper  divisions  of  one  fifth  nerve.  Severe  attacks  in  women  often 
cause  hysterical  symptoms  as  the  pain  is  subsiding. 

Muscular  spasm  may  be  excited  by  the  acute  paroxysms  of  pain,  evidently 
in  a  reflex  manner.  It  is  usually  confined  to  the  motor  nerve  related  to  that 
which  is  the  seat  of  the  pain,  but  sometimes  spreads  to  adjacent  areas,  very 
rarely  passing  into  a  general  convulsion.  In  a  case  of  cranio-spinal  neural- 
gia, each  paroxysm  was  attended  by  opisthotonos  so  severe  that  the  patient 
rested  on  the  head  arid  the  heels.  The  exacerbation  of  the  pain  by  move- 
ment may  lead  to  temporary  diminution  of  mobility,  partly  voluntary,  partly 
of  inhibitory  origin.  Herpes  is  very  rarely,  if  ever,  a  consequence  of  true 
neuralgia,  although  pain  so  often  accompanies  herpes.  The  hair  of  the  part 
may  undergo  changes ;  it  may  lose  its  pigment,  fall  off,  or  very  rarely  over- 
grow. Anstie  observed  temporary  grayness  of  a  lock  of  hair  after  each 
attack,  followed  at  last  by  permanent  loss  of  pigment.* 

Vasomotor  disturbance  often  accompanies  a  paroxysm.  The  first  effect  of  the 
pain  is  usually  to  cause  a  constriction  of  the  vessels  of  the  part,  but  this  is  often 
followed  by  their  relaxation  ;  flushing  of  the  skin  results,  and  the  throbbing 

*  A  very  remarkable  case  has  been  recorded  by  Raymond,  in  which,  at  the  time  neuralgic 
pain  in  the  head  was  most  intense,  all  the  hair  of  the  patient  (a  woman  aged  thirty-eight) 
changed  color  from  black  to  red,  and  in  a  few  days  to  white,  and  then,  In  the  course  of 
fourteen  days,  fell  off  {Revue  de  Med.,  Sept.,  1882.) 
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of  the  arteries  may  considerably  intensify  the  pain.  The  arterial  dilatation 
may  be  general,  and  be  demonstrable  by  sphygmographic  tracings  (Anstie). 
In  one  case  of  trigeminal  neuralgia  all  the  veins  of  -that  side  of  the  face 
became  distended  during  the  paroxysm,  and  as  the  pain  subsided  pallor 
replaced  the  flushing.  The  local  vascular  disturbance  may  cause  local 
sweating,  or  local  oedema,  or  even  erythema,  sometimes  mistaken  for  ery- 
sipelas. The  oedema  thus  produced  is  occasionally  considerable;  I  have 
known  each  attack  of  cranial  neuralgia  to  be  accompanied  by  great  swelling 
of  the  whole  scalp,  due  to  such  oedema,  which  slowly  disappeared  some 
hours  after  the  cessation  of  the  pain.  In  another  curious  case,  attacks  of 
pain  in  the  tongue  and  face  were  attended  by  swelling  of  each  part,  which 
usually  came  on  during  the  night,  and  sometimes  occurred  with  very  little 
pain.  Repeated  attacks  of  such  vasomotor  disturbance  may  lead  to  per- 
manent dilatation  of  the  vessels  of  the  surface,  and,  after  a  time,  to  thicken- 
ing of  the  cellular  tissue,  periosteum,  and  other  structures. 

Pathology. — Few  questions  have  been  the  subject  of  more  controversy 
than  the  pathology  of  neuralgia.  The  difference  of  opinion  is  largely  due 
to  the  different  senses  in  which,  as  we  have  seen,  the  word  has  been  used. 
The  problem  of  pathology  is,  What  is  the  nature  of  nerve  pain  that  has  no 
known  organic  cause  ? 

In  neuralgia  we  have  two  symptoms,  first,  spontaneous  pain,  and,  sec- 
ondly, "hyperesthesia"  (more  properly  hyperalgesia),  ;'.  e.  the  transforma- 
tion into  pain  of  sensations  that  are  not  usually  painful  (or  excitation  of  pain 
by  them) ;  the  former  includes  the  latter,  and  therefore  must  be  first  consid- 
ered. Spontaneous  pain  means  the  action  of  sensory  nerve  elements  apart 
from  local  external  stimulation.  The  pain  corresponds  to  certain  peripheral 
nerve  areas,  and  we  must  therefore  look  for  its  cause  to  the  elements  consti- 
tuting a  peripheral  nerve  structure.  These  are  the  nerve  fibres,  their  peri- 
pheral end  organs,  and  the  central  cells  with  which  the  fibres  are  connected. 
To  which  of  these  can  we  ascribe  a  functional  activity  independent  of  exter- 
nal stimulation  ?  We  know  nothing  of  a  capacity  for  such  action  on  the 
part  of  nerve  fibres.  They  possess  a  limited  power  of  transforming  external 
energy  intonerve  force,  which  constitutes  their  "  excitablity,"  and  they  "  con- 
duct ' '  nerve  force,  but  there  is  no  evidence  to  show  that,  apart  from  such  exter- 
nal influences,  they  are  capable  of  the  independent  evolution  of  nerve  force. 
Nor  are  any  facts  known  which  would  suggest  that  the  peripheral  end  organs 
of  the  sensory  nerves  are  capable  of  such  independent  function.  We  are  thus 
reduced,  by  exclusion,  to  the  central  terminations  of  the  nerve  fibres  as  the 
source  of  the  pain  in  idiopathic  neuralgia.*  The  fibres  end  in  nerve  cells, 
and  nerve  cells,  as  far  as  is  at  present  known,  are  the  only  elements  capable 
of  the  independent  evolution  of  nerve  force.  The  conclusion  is  further  cor- 
roborated by  physiological  facts,  which  show  that  the  sensation  of  pain 
depends  on  a  special  function  of  nerve  cells.     There  are  separate  structures 

*  The  central  theory  has  been  adopted,  among  pothers,  by  Vulpian,  Anstie,  Clifford  Allbutt 
and  Vanlair,  although  the  theories  of  these  authors  differ  somewhat  in  their  detail. 
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for  the  sensations  of  pain  and  touch ;  this  is  proved  by  the  fact  that  either 
tactile  or  painful  sensibility  may  be  lost  without  the  other.  But  nerve  fibres 
are  indifferent  structures.  Even  between  the  fibres  which  conduct  sensation, 
and  those  which  conduct  motion,  there  is  no  difference ;  the  one  may  be 
experimentally  substituted  for  the  other  without  affecting  function  (Bidder, 
Vulpian  and  others),  and  it  is  therefore  a  fortiori  probable  that  there  is  no 
difference  between  the  fibres  which  conduct  tactile  and  painful  impressions. 
The  different  effect  depends  on  the  central  connection  of  the  fibres— on  their 
nerve  cells.  Some  of  these,  when  stimulated  by  the  afferent  impulse,  give 
rise  to  tactile  sensations,  others  to  pain,  and  it  is  probable  that  the  former, 
when  excited  in  a  special  manner  or  degree,  may  also  give  rise  to  pain.  We 
must  therefore  regard  the  pain  of  idiopathic  neuralgia  as  central,*  as  due  to 
the  spontaneous  activity  of  the  cells  that  constitute  the  central  termination 
of  the  nerves.  When  an  external  cause  (<?.  g.  an  injury  of  the  nerve)  causes 
pain,  the  sensation  is  due  to  the  stimulation  of  these  cells,  and  the  pain 
which  results  from  their  spontaneous  "  discharge  "  is  necessarily  referred  to 
the  region  to  which  their  fibres  are  distributed. 

But  the  sensory  fibres  end  in  two  sets  of  cells,  those  of  the  ganglia  on  the 
posterior  roots,  and  those  within  the  spinal  cord,  chiefly  in  the  posterior 
cornua.  There  is  no  direct  evidence  to  show  which  of  these  series  of  cells  is 
concerned  in  neuralgia.  But  we  know  nothing  of  any  sensory  function  of 
the  ganglia,  and  we  are  therefore  justified  in  looking  to  the  nerve  cells 
within  the  cerebro-spinal  axis  as  the  seat  of  morbid  process. 

This  conclusion  is  indirectly  corroborated  by  the  symptoms  of  many  cases 
of  neuralgia.  Especially  significant  are  :  (i)  the  fact  that  the  pain  may 
occupy  adjacent  parts  of  several  nerve  regions.  For  instance,  in  one  patient 
the  pain  extended  on  both  sides  from  the  seventh  cervical  vertebra,  over  the 
whole  occiput  and  vertex  to  the  coronal  suture.  (2)  The  phenomenon  of 
radiation  of  slighter  pain  into  adjacent  nerve  regions  during  severe  parox- 
ysms. (3)  The  phenomena  of  reflex  neuralgia,  in  which  the  pain  is  felt  in 
another  region  than  that  of  the  nerve  irritated.  All  these  are  explicable  only 
on  the  theory  that  the  morbid  action,  felt  as  pain,  is  in  the  central  cells, 
which  are  no  doubt  connected  according  to  the  relations  of  the  surface 
regions  from  which  they  receive  impressions,  and  to  which  their  disturbance 
is  subjectively  referred. 

The  same  conclusion  (the  central  nature  of  neuralgia)  is  also  indirectly 
corroborated  by  facts  of  pathology  of  another  kind  which  prove  that  pain  of 
neuralgic  character  may  be  produced  by  an  organic  lesion  in  the  gray  matter 

*  The  central  nature  of  idiopathic  neuralgia  was  insisted  on  by  the  late  Dr.  Anstie  (article, 
"  Neuralgia,"  jn  "  Reynolds'  System  of  Medicine,"  and  in  the  separate  monograph,  "  Neu- 
ralgia, and  its  Counterfeits"),  with  characteristic  ability,  energy,  and  fertility  of  argument. 
But  his  position  was  unnecessarily  weakened  by  the  theory  that  the  disease  originated  in  the 
roots  of  the  nerves  as  a  "  primary  atrophy."  At  the  same  time  it  is  right  to  say  that  some 
passages  suggest  that  he  included  the  nerve  cells  in  which  the  fibres  end  in  his  conception  of 
roots.  That  the  seat  of  the  disease  is  frequently  the  sensory  cells  of  the  central  nuclei  has 
been  urged  by  Vulpian  and  also  by  Vanlair  ("Les  Nevralgies,"  1882). 
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which  is  here  supposed  to  be  deranged  in  idiopathic  neuralgia.  The  lesion, 
for  instance,  involving  part  of  the  sensory  nucleus  of  the  fifth  nerve,  shown 
in  Fig.  223  (B  x),  p.  505,  caused  severe  neuralgic  pain  in  the  face. 

If,  therefore,  we  regard  idiopathic  neuralgia  as  the  result  of  the  over-action, 
the  "discharge,"  of  the  nerve  cells  constituting  the  proximate  centre  of  the 
nerve,  the  question  still  remains,  To  what  is  this  discharge  due  ?  It  is  often 
ascribed  to  hyperemia  of  the  centre,  to  dilatation  of  its  vessels.  The  pos- 
sibility of  this  cause  cannot  be  denied,  but  neither  can  its  efficiency  be  proved. 
It  is  an  hypothesis,  moreover,  which  only  solves  one  problem  by  the  intro- 
duction of  another.  Vasomotor  disturbance  means  the  deranged  action  of 
the  vasomotor  centre  for  that  territory,  and  it  is  as  difficult  to  explain  the 
disturbed  action  of  the  vasomotor  cells  as  of  the  sensory  cells.  All  cells 
possess  the  power  of  evolving  force ;  the  discharge  of  the  sensory  cells  is  all 
we  have  evidence  of,  and  it  seems  unjustifiable  to  assume  the  intervention  of 
other  cells  for  its  production.  But  it  is  highly  probable  that  secondary 
vasomotor  disturbance  may  result.  We  know  that  in  all  organs  vascular 
dilatation  attends  functional  activity.  If  the  cerebral  cortex  is  stimulated 
by  electricity,  local  dilatation  of  vessels  quickly  follows.  It  is  probable  that 
such  secondary  central  hyperemia  may  result  from  the  discharge  of  other 
centres,  and  when  established  may  increase  the  disturbance. 

The  over-action  of  the  cells  in  idiopathic  neuralgia  has  been  spoken  of  as 
"  independent."  It  is  independent  so  far  as  our  means  of  observation  go. 
But  we  cannot  tell  to  what  extent  the  unstable  cells  may  be  excited  to  dis- 
charge by  stimuli  coming  from  the  periphery.  We  know  that  some  stimuli 
of  this  kind  (cold  or  pressure)  are  effective  in  exciting  attacks.  It  is  highly 
probable  that  the  afferent  impressions  of  which  we  are  conscious  bear  but  a 
small  proportion  to  those  of  which  we  are  unconscious,  which,  continuous 
or  intermittent,  are  due  to  slight  cutaneous  impressions,  to  the  movement  of 
the  blood  and  to  the  nutritional  processes  in  the  tissues.  It  is  quite  pos- 
sible that  such  afferent  impulses,  too  trifling  to  affect  our  consciousness  even 
when  aided  by  attention,  may  excite  the  discharge  of  the  unstable  cells. 
That  a  strong  sensory  impression  (e.  g.  painful  pressure  on  the  nerve)  may 
sometimes  relieve  the  pain  is  quite  in  harmony  with  familiar  facts  as  to  the 
effect  of  sensory  stimulation ;  a  strong  stimulus  may  inhibit  reflex  action 
which  may  be  excited  by  a  slighter  stimulus  in  the  same  nerve  region.  These 
two  facts  deprive  of  much  of  its  force  an  objection  which  has  been  often 
urged  against  the  central  theory  of  neuralgia,  that  the  disease  may  sometimes 
be  permanently  cured  by  division  of  the  nerve.  Division  of  a  nerve  does 
two  things,  it  stops  all  impressions  from  the  periphery,  and  it  effects  a  very 
powerful  stimulation  of  the  centre,  and  to  the  conjoint  effect  of  these  two 
influences  its  success  (not  frequent)  in  idiopathic  neuralgia  may  reasonably 
be  ascribed.* 


*  It  is  possible,  as  Jaccoud  has  assumed,  that  the  pressure  acts  partly  by  arresting  the  peri- 
pheral impressions.  But  that  this  is  its  chief  action  is  doubtful  from  the  fact  that  pressure  on 
another  adjacent  nerve  is  sometimes  effectual,  and  so  also  is  pressure  on  the  peripheral  side 
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We  are  accustomed  to  think  of  the  sensory  nerves  as  distributed  chiefly  to 
the  skin,  but  the  pain  in  neuralgia  is  rarely  confined  to  the  skin.  It  appears 
to  the  sufferer  tq  be  more  deeply  seated,  and  often  corresponds  in  position 
to  the  nerve  trunk  and  branches.  The  fibrous  sheaths  of  both  are  abundantly 
supplied  with  nerves — the  nervi  nervorum,*  which  ramify  and  end  in  the 
sheath  without  penetrating  the  inter-fascicular  septa.  If  a  nerve  is  com- 
pressed (as  the  ulnar  at  the  elbow)  the  first  sensation  experienced  is  a  pain 
at  the  spot,  from  the  stimulation  of  the  sheath  nerves  ;  if  the  pressure  is  con- 
tinued there  is  also  a  sensation  (tingling)  referred  to  the  peripheral  distribu- 
tion of  the  nerve  in  the  hand,  due  to  the  stimulation  of  the  fibres  of  the 
nerve  itself.  In  neuralgia,  the  central  cells  of  the  sheath  fibres  often  seem 
to  be  disturbed  in  function  more  than  those  of  the  fibres  of  the  nerve  itself ; 
the  pain  is  referred  to  the  nerve  trunk  rather  than  to  the  skin. 

The  fact  that  the  pain  seems  to  dart  along  the  nerve  must  be  due  to  the 
spread  of  the  discharge  in  the  centre  in  a  certain  order  from  cell  to  cell. 
We  cannot  at  present  say  precisely  on  what  this  depends,  or  why  the  pain 
seems  sometimes  to  dart  toward,  and  sometimes  from,  the  periphery. f 

The  irradiation  of  the  pain,  in  severe  attacks,  to  neighboring  nerve  areas- 
is  clearly,  as  already  mentioned,  a  central  phenomenon.  An  intense  dis- 
charge always  tends  to  spread  to  other  connected  cells,  in  proportion  to  its 
intensity,  as  the  phenomena  of  epilepsy  abundantly  illustrate. 

The  origin  of  the  tender  points  is  obscure,  and  has  been  the  subject  of 


of  the  painful  point.  Cartaz  has  suggested  that  in  the  latter  two  cases  the  recurrent  nerves 
may  convey  the  pain  and  be  compressed,  but  such  an  explanation  does  not  apply  to  the  effect 
of  cutaneous  irritation  in  arresting  the  pain,  which  is  a  phenomenon  of  the  same  class. 

*  Sappey  [Journal de  FAnat.  et  de  la  Physiologie,  vol.  i,  1868,  p.  47)  has  demonstrated 
their  existence  in  the  sheath  of  the  optic  nerve,  and  the  fact  mentioned  in  the  text  admits  of 
no  other  explanation  than  the  existence  of  similar  nerves  in  all  nerve  sheaths,  which  has, 
indeed,  been  demonstrated  by  Horsley  (Proc.  Roy.  Med.  and  Ckir.  Soc,  1884,  and  Appen- 
dix  to  Marshall's  "  Bradshaw  Lecture,"  1887). 

f  An  ingenious  hypothesis  has  been  formulated  by  Vanlair,  which  may  be  mentioned. 
According  to  Pierret  there  is  a  relation  between  the  length  of  a  nerve. fibre  and  the  size  of  its 
cell.  The  sheath  nerves  will  vary  in  length  according  to  the  distance  from  the  centre  at 
which  they  terminate.  If  the  cells  discharge  in  the  order  of  their  size,  beginning  with  the 
smallest,  the  sensation  will  seem  to  dart  centrifugally.  For  the  apparently  centripetal  direc- 
tion, a  still  more  complex  hypothesis  has  been  suggested.  Most  nerves  contain  recurrent 
fibres  which  proceed  from  adjacent  nerves  (Magendie,  Arloing  and  Tripier).  These  recur- 
rent fibres  ascend  the  branches  and  trunk,  but  all  cease  before  the  foramina  of  exit  are  reached. 
If  these  end  in  the  nerve  sheath,  the  same  hypothesis  applied  to  the  recurrent  fibres  will 
serve  to  explain  the  centripetal  darting;  the  longest  fibres,  which  end  nearest  the  centre,  will 
have  the  largest  cells,  and  discharge  last.  Unfortunately,  we  do  not  know  that  any  of  the 
recurrent  fibres  end  in  the  nerve  sheath,  and  if  they  do,  it  is  probable  that  their  central  con- 
nection is  the  same  as  that  of  the  direct  fibres.  It  seems  more  probable  that  the  arrangement 
of  the  cells  in  the  centre  depends  on  the  distribution  of  the  fibres  in  the  sheath,  and  that  this 
arrangement,  and  not  the  size  of  the  cells,  determines  the  order  of  the  discharge,  which  may 
traverse  the  centre  in  opposite  directions  in  different  cases,  just  as  in  one  epileptic  an  aura 
may  pass  down,  and  in  another  up,  the  arm. 
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much  speculation.*  Their  localization  to  the  places  at  which  nerves  emerge 
from  deeper  structures,  or  divide,  suggests  their  dependence  on  mechanical 
causes.  Accidental  pressure,  and  traction '  in  movement,  will  have  most 
influence  on  the  nerves  at  such  places,  and  cause  there  a  greater  degree  of 
stimulation  of  the  nervi  nervorum  (Vanlair).  Many  phenomena  of  neural- 
gia suggest,  moreover,  that  a  neuralgia  which  is  at  first  purely  central  may 
not  remain  so.  We  have  seen  that  the  pain  often  causes  secondary  vascular 
disturbance  in  the  territory  of  the  nerve.  It  is  most  unlikely  that  such  dis- 
turbance, conspicuous  in  the  skin,  is  confined  to  the  surface.  It  probably 
involves,  also,  the  deeper  structures,  and  especially  the  nerve  sheaths,  in  which 
the  pain  is  especially  localized.  Such  secondary  vascular  disturbance,  and 
the  tissue  changes  to  which  it  ultimately  leads,  must  constitute  a  source  of 
irritation  of  the  nervi  nervorum,  and,  in  a  truly  "  vicious  circle,"  must 
intensify  the  malady,  which,  at  first  central,  may  be  thus,  at  last,  peripheral 
also.  It  is  probable  that  this  mechanism  takes  an  important  share  in  the 
production  of  the  tender  points,  and  is  also  the  cause  of  the  intractability  of 
some  neuralgias. 

Not  only  is  it  probable  that  peripheral  disturbance  takes  part  in  the 
pathogenesis  of  central  neuralgia,  but  it  is  certain  that  central  disturbance  is 
concerned  in  some  neuralgias  of  peripheral  origin.  A  traumatic  cause,  an 
injury  to  a  nerve  branch,  may  induce  pain  far  wider  in  area  than  the  distri- 
bution of  the  injured  branch,  or  even  of  the  nerve  from  which  it  comes. 
In  some  cases,  again,  the  pain  is  felt  not  in  the  area  of  the  nerve  injured, 
but  in  that  of  some  other  nerve  (reflex  neuralgia).  An  interval  usually 
elapses  after  the  injury  before  the  pain  is  felt.  Lastly,  in  some  traumatic 
cases,  division  of  the  nerve  does  not  cure  the  neuralgia.  These  facts  can 
only  be  explained  by  assuming  that  the  chief  cause  of  the  pain  is  a  morbid 
state  of  the  central  cells,  excited  by,  but  to  some  extent  independent  of,  the 
peripheral  lesion.  Doubtless,  in  all  neuralgias  of ."  symptomatic  "  char- 
acter, the  symptoms  depend,  in  varying  degree,  on  an  induced  central  dis- 
turbance. 

Various  Forms. — Cases  of  neuralgia  differ  much  according  to  their  situa- 
tion, character  and  cause,  and  hence  it  is  necessary  to  describe  in  some 
detail  the  varieties  of  the  disease.  According  to  situation,  we  have  to  con- 
sider separately  those  which  occupy  the  head,  neck,  arm,  trunk  and  leg. 
According  to  character,  we  have  "epileptiform  neuralgia,"  and  "reflex" 
or  "sympathetic  neuralgia,"  while  of  those  which  depend  on  special  causes 
the  most  important  are  the  traumatic,  herpetic,  anaemic,  malarial,  syphilitic 
and  diabetic  forms. 

It  is  important  to  remember  that  neuralgia  is  often  not  confined  to  a  single 
nerve.  Those  who  are  liable  to  the  affection  in  a  high  degree  sometimes 
suffer  from  neuralgia  in  many  situations,  simultaneously  or  in  succession. 

*  The  hypothesis  (of  Cartaz  and  others)  which  connects  these  tender  points  with  the  dis- 
tribution of  the  recurrent  nerves,  rests  on  too  many  unprovable  assumptions  to  deserve 
detailed  description. 
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Neuralgia  of  the  Fifth  Nerve.  Trifacial  or  Trigeminal  Neuralgia ;  Tic 
Douloureux ;  Prosopalgia. — Under  these  various  designations  the  most  com- 
mon form  of  neuralgia  has  been  described.  Neuralgia  of  the  fifth  is  prob- 
ably more  frequent  than  all  the  other  varieties  together,  and  it  presents,  in 
most  typical  form,  the  characteristic  symptoms  of  the  disease.  Nor  is  this 
surprising  when  we  consider  that  the  fifth  is  incomparably  the  most  import- 
ant nerve  of  common  sensibility  in  the  body. 

The  causes  of  this  form  are  all  those  that  have  been  described  in  the  sec- 
tion on  etiology ;  indeed,  the  general  history  of  neuralgia  is,  to  a  large 
extent,  based  on  the  symptoms  of  this  variety.  It  is  equally  common  on 
the  two  sides.  The  seat  of  the  pain  may  be  in  any  of  the  three  divisions 
of  the  nerve ;  and  it  more  commonly  occupies  one  or  two  of  the  divisions 
than  all  three.  The  tender  points  are  often  well  marked,  and  in  them  the 
pain  has  its  chief  intensity. 

Neuralgia  of  the  first  division  is  felt  chiefly  in  the  supra-orbital  branch, 
and  hence  is  often  called  supra- orbital  neuralgia.  The  frequency  with  which 
it  was  formerly  due  to  malaria  has  left  for  it  the  popular  name  of  "brow 
ague,"  although  this  cause  is  now  rarely  operative  in  this  country.  The 
pain  radiates  from  the  supra-orbital  notch  over  the  anterior  half  of  the  head, 
and  is  often  felt  in  the  eyelids  and  even  in  the  eye,  and  in  the  side  of  the 
nose.  The  most  important  tender  points  are  the  supra-orbital  just  above  the 
notch  or  foramen  of  that  name,  a  palpebral,  in  the  outer  part  of  the  upper 
eyelid,  a  nasal  at  the  emergence  of  the  nasal  branch  at  the  lower  edge  of 
this  bone,  and  sometimes  an  ocular,  within  the  eyeball.  Pain  felt  just  above 
the  eyebrows  is  sometimes  due  to  a  morbid  state  of  the  frontal  sinuses,  but 
pain  from  this  cause  is  generally  double,  and  is  often  secondary  to  coryza. 
The  lining  membrane  of  the  sinus  is  supplied  by  the  fifth  nerve,  and  it  has 
been  conjectured  that  the  pain  occurs  when  the  small  opening  of  the  sinus 
into  the  nasal  cavity  becomes  closed.  Seeligmiiller  thinks  that  this  is  the 
cause  of  the  pain  even  in  malarial  cases.  But  the  nerves  of  the  sinus  (or 
their  centres)  seem  to  be  particularly  obnoxious  to  certain  influences,  as  is 
shown  by  the  peculiar  pain,  evidently  referred  to  these  sinuses,  which  many 
persons  experience  after  eating  ices.  We  cannot,  therefore,  conclude  that 
because  the  pain  occupies  this  situation,  it  is  necessarily  due  to  a  local  cause. 
The  supra-orbital  region  is  a  not  uncommon  seat  of  pain  that  is  apparently 
neuralgic.  This  does  not  follow  the  course  of  the  nerves,  but  it  may  be  felt 
sometimes  over  one  eye,  sometimes  over  both. 

Ocular  Neuralgia. — The  eyeball  is  an  occasional  seat  of  neuralgic  pain, 
often  of  considerable  severity.  This  is  sometimes  associated  with  some  error 
of  refraction,  especially  hypermetropia,  but  occurs  also  independently  of 
any  abnormality  of  the  eye  itself.  Either  one  or  both  eyes  may  be  affected. 
The  pain  may  occur  spontaneously,  or  may  be  brought  on  by  use  of  the 
eyes ;  it  is  not  often  accompanied  by  photophobia.  When  severe,  there  is 
occasionally  dimness  of  sight,  apparently  of  inhibitory  origin,  and  the 
amblyopia  may  be  accompanied  by  a  peripheral  restriction  of  the  field  of 
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vision.  Ocular  neuralgia  may  exist  alone,  or  be  associated  with  pain  in 
adjacent  parts,  and  sometimes  with  pain  that  extends  far  beyond  the  limits 
of  the  fifth  nerve.  Bilateral  pain  sometimes  passes  from  the  eyes  over  or 
through  the  head  to  the  occipital  region,  and  even  down  the  neck.  Anae- 
mic girls  often  complain  of  a  peculiar  dragging  pain  at  the  back  of  the  eyes, 
increased  by  their  use.  Ocular  pain  is  often  associated  with  rheumatism ; 
the  subjects  of  rheumatic  iritis  are  often  liable  to  pain  in  the  eyeballs, 
which  seems  to  be  neuralgic  in  character. 

In  neuralgia  of  the  second  division,  infra-orbital  neuralgia,  the  pain  occu- 
pies the  area  between  the  orbit  and  the  mouth  and  extends  over  a  great  part 
of  the  cheek,  and  to  the  ala  nasi.  The  chief  foci  of  pain  and  tender  points 
are  an  infra-orbital,  at  the  emergence  of  the  nerve  beneath  the  orbit ;  a 
nasal,  at  the  side  of  the  nose ;  a  malar  over  the  most  prominent  part  of  that 
bone,  and  a  gingival  line  below  that  bone,  along  the  line  of  the  gums  of  the 
upper  jaw ;  very  rarely  there  is  a  point  in  the  palate,  or  in  the  upper  lip. 
The  most  acute  pain  is  often  felt  only  in  one  portion  of  the  nerve,  as,  for 
instance,  the  side  of  the  nose;  but  it  usually  radiates,  in  a  slighter  degree, 
over  a  wider  extent. 

When  the  third  division  is  affected,  the  pain  often  extends  over  a  large 
area,  occupying  the  parietal  eminence  and  the  temple,  the  ear,  the  lower 
jaw  and  the  tongue.  The  chief  tender  points  are  the  inferior  dental,  at  the 
foramen  of  that  name  ;  the  temporal,  in  the  posterior  part  of  the  temple  on 
the  auriculo-temporal  branch ;  it  may  be  a  little  lower  down,  just  above  the 
zygoma  in  front  of  the  ear,  and  is  a  very  common  focus.  The  parietal, 
over  the  parietal  eminence,  is  common  to  this  and  to  occipital  neuralgias. 
Sometimes  there  is  a  focus  of  pain  in  the  tongue.  Separate  portions  of  this 
branch  are  sometimes  affected  alone,  especially  the  inferior  dental  and  the 
auriculo-temporal.  A  boring  pain  limited  to  the  temporal  point  is  especially 
common.  Most  intense  neuralgia  is  sometimes  confined  to  the  lingual 
branch.  Occasionally,  a  tender  point  exists  in  the  cervical  spines,  at  the 
first  two  or  at  the  fifth  (Armaingaud) ;  its  exact  cause  is  obscure. 

The  pain  in  trigeminal  neuralgia  is  often  peculiarly  intense  and  presents 
every  variety.  It  may  radiate  from  one  part  of  the  fifth  nerve  to  the  next, 
and  even  to  other  nerve  regions.  Thus,  in  one  case  of  violent  neuralgia  of 
the  second  division  of  the  fifth,  the  pain  often  radiated  to  the  occipital 
region  and  sometimes  to  the  shoulder  on  that  side.  The  effect  of  cold  and 
contact  in  exciting  the  pain  are  well  marked,  and  it  is  often  increased  by 
movement  of  the  face  or  jaw,  so  that,  in  severe  cases,  mastication  may  be 
impossible,  and  it  may  be  difficult  to  give  sufficient  food.  If  the  ear  is  the 
seat  of  pain,  either  alone  or  with  other  parts,  the  attack  may  be  accompanied 
or  followed  by  auditory  hyperesthesia.  When  the  pain  is  very  acute  and 
sudden,  reflex  muscular  spasm  may  occur  in  the  face  (the  "  tic  convulsif  " 
of  the  French).  Paralytic  phenomena  are  rare,  but  transient  paralysis  of  the 
third  nerve  has  been  observed  to  follow  each  paroxysm  of  pain  in  the  supra- 
orbital branch.  Sometimes  paroxysms  of  severe  pain  in  the  fifth  nerve  are 
accompanied  by  subjective  flashes  of  light,  especially  when  the  eyeballs  are 
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the  seat  of  pain.  The  vasomotor  disturbance  already  described  is  frequently 
seen ,  flushin g,  sweating,  permanent  dilatation  of  the  vessels  (often  conspicuous 
in  the  eye),  salivation,  increased  secretion  of  mucus  in  the  nose,  lacbryma- 
tion.  Trophic  disturbances  occasionally  occur ;  acute,  as  erythema ;  or 
chronic,  as  thickening  of  the  periosteum,  loss  of  hair,  or  local  grayness. 
Even  unilateral  atrophy  of  the  face  has  been  met  with  (Boisson).  It  is 
probable  that  in  many  of  these  cases  the  pain  was  the  result  of  actual  changes 
in  the  nerves.  The  course  of  the  fifth  in  the  base  of  the  skull,  through  the 
membranes  and  bony  foramina,  exposes  it  to  damage  from  many  morbid  pro- 
cesses, and  causes  its  fibres  to  suffer  when  there  is  any  inflammatory  swelling 
of  the  sheath. 

Occasionally,  migratory  pains  are  felt  in  various  parts  of  the  scalp,  some- 
times on  one  side,  sometimes  on  the  other,  without  any  distinct  relation  to 
the  nerve  trunks.  There  may  be  tenderness  of  the  skin  during  and  after 
the  paroxysms  of  pain.  This  form  is  sometimes  more  closely  allied  to  rheu- 
matism than  ordinary  neuralgia  is.  Rarely  there  is  neuralgic  pain  over  the 
whole  scalp  at  the  same  time,  so  that,  as  one  patient  expressed  it,  there  is 
"a  cap  of  pain  on  the  head."  Pain  at  the  vertex  is  a  common  form  of  head- 
ache, sometimes  closely  allied  to  neuralgia,  and  it  may  alternate  with  charac- 
teristic neuralgic  pains  in  other  situations. 

Cervico- Occipital  Neuralgia. — The  pain  is  felt  in  the  region  of  the  neck- 
supplied  by  the  first  four  cervical  nerves  and  in  the  posterior  portion  of  the 
head,  chiefly  along  the  course  of  the  great  occipital  nerve.  Thus,  the  pain 
may  extend  over  the  greater  part  of  the  neck  as  well  as  over  the  head,  as  far 
forward  as  the  parietal  eminence  and  the  ear.  It  is  occasionally  confined 
to  the  posterior  branches,  extending  over  the  back  of  the  neck  and  occiput. 
The  most  important  tender  points  are  (i)  about  midway  between  the  mas- 
toid process  and  the  spine,  at  the  point  at  which  the  great  occipital  nerve 
becomes  superficial,  (2)  over  the  branches  of  the  cervical  plexus  between 
the  sterno-mastoid  and  trapezius,  and  (3)  just  above  the  parietal  eminence, 
the  focus  common  to  occipital  and  trigeminal  neuralgia.  Fusion  of  these 
two  forms  of  neuralgia  occurs,  so  to  speak,  not  only  above  but  below,  where 
the  distribution  of  the  cervical  nerves  blends  with  that  of  the  third  division 
of  the  fifth  over  the  lower  jaw.  A  primary  cervical  neuralgia  may  extend 
into  this  region  of  the  fifth ;  doubtless  the  centres  blend  as  does  the  distribu- 
tion. It  is  probable  that  cervico-occipital  neuralgia  is  more  often  bilateral 
than  any  other  form,  especially  when  confined  to  the  occipital  region.  I 
have  known  most  severe  bilateral  neuralgia  to  be  limited  to  the  anterior 
cervical  region,  from  the  jaw  to  the  upper  part  of  the  thorax  on  each  side. 
The  pain  in  cervico-occipital  neuralgia  is  rarely  intermitting ;  there  is  more 
or  less  dull,  constant  pain  with  occasional  exacerbations,  less  violent  than  in 
the  trigeminal  form.  The  scalp  may  become  extremely  tender,  so  that 
during  the  pain  the  patient  cannot  bear  the  hairs  to  be  touched.  This  form 
of  neuralgia  is  not  common,  and  Anstie  believes  that  it  occurs  especially  in 
those  who  have  suffered  from  other  forms. 

Cervico-brachial  and  brachial  neuralgia  includes   those  forms  in   which 
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the  pain  is  referred  to  the  region  supplied  by  the  four  lower  cervical  and  the 
first  dorsal  nerves.  The  pain  may  be  felt  in  the  lower  and  posterior  part  of 
the  neck  or  any  part  of  the  arm  and  hand,  but  is  commonly  most  intense  in 
the  axilla,  at  the  brachial  plexus,  and  along  the  course  of  the  ulnar  nerve. 
The  region  of  the  last  is  a  very  frequent  seat,  but  sometimes  the  pain  is 
referred  to  other  nerves.  It  is  commonly  increased  by  movement  and  may 
render  the  arm  almost  useless.  It  is  often  excited  by  writing,  and  this  may 
give  rise  to  an  erroneous  impression  that  it  is  connected  with  the  act  of 
writing.  Some  severe  forms  of  brachial  neuralgia,  indeed,  have  their  origin 
in  a  sensory  occupation  neurosis,  but  this  variety  has  been  separately 
described  (p.  1067).  The  most  common  tender  points  in  brachial  neuralgia 
are  the  axillary ;  the  circumflex,  at  the  posterior  border  of  the  deltoid  ;  a 
superior  ulnar,  behind  the  elbow,  and  an  inferior  ulnar,  in  front  of  the 
wrist.  The  latter  is  the  most  frequent  of  all  the  brachial  foci.  Others 
occasionally  met  with  are  the  vertebral,  by  the  side  of  the  lower  cervical 
spines  ;  a  scapular,  at  the  inferior  angle  of  that  bone  ;  an  external  humeral, 
on  the  outer  side  of  the  arm  three  inches  above  the  condyle,  over  the  mus- 
culo-spiral  nerve ;  and  a  radial,  in  the  lower  and  outer  part  of  the  forearm. 
There  is  usually  some  constant  pain  in  addition  to  the  acute  paroxysms. 
Occasionally  it  may  radiate  to  the  side  of  the  chest,  and  then,  if  on  the  left 
side,  may  simulate  angina  pectoris.  The  pain  is  almost  always  intensified 
by  movement.  Trophic  disturbance  in  the  arm  is  very  rare  in  cases  of  true 
neuralgia,  and,  indeed,  probably  always  indicates  neuritis.  When  the  pain 
starts  from  the  fingers,  it  may  begin  with  some  sensation  other  than  pain, 
such  as  tingling,  which  changes  to  pain  as  it  passes  up  the  arm.  In  some 
patients  with  brachial  neuralgia  the  arm  is  peculiarly  liable  to  be  the  seat  of 
tingling  at  night.  Brachial  neuralgia  is  not  often  due  to  diathetic  causes, 
with  the  exception  of  rheumatism,  with  which  it  is  often  associated  even 
when  there  is  no  suspicion  of  neuritis.  On  the  other  hand,  it  is  more  fre- 
quently than  any  other  the  result  of  injury.  Probably  many  cases  of  sup- 
posed neuralgia  are  really  cases  of  neuritis  of  the  brachial  plexus,  which  may 
arise  by  migratory  inflammation.  But  true  neuralgia  of  the  arm,  widely 
spread,  may  be  set  up  by  a  slight  injury,  as  a  blow,  which  does  not  appar- 
ently cause  neuritis.  Brachial  neuralgia  is  occasionally  associated  with 
neuralgia  of  the  fifth,  and  this  when  there  is  no  connecting  pain  in  the 
neck. 

Trunk  Neuralgia.— -Of  the  neuralgias  of  the  trunk,  we  have,  first,  the 
dorso-intercostal  forms,  which  occupy  the  intercostal  nerves,  from  the  third 
to  the  ninth,  characterized  by  pain  coursing  along  the  intercostal  spaces  or 
parts  of  them.  It  is  sometimes  bilateral  and  symmetrical.  There  is  usually 
a  constant,  dull  pain,  with  acute  stabbing  exacerbations,  but  sometimes  the 
continuous  pain  exists  alone,  or  the  sharper  pains  are  excited  only  by  move- 
ment, respiratory  or  other.  There  are  foci  of  intensity  and  tender  points 
at  the  emergence  of  the  three  branches  of  the  intercostal  nerve— besides  the 
vertebra?,  near  the  middle  line  in  front,  and  midway  between  these  two 
points  in  the  mid-axillary  line.     Intercostal  neuralgia  is  most  frequently  due 
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to  cold,  or  to  injury,  such  as  a  contusion.     It  is  sometimes  extremely  obstinate' 
and  of  long  duration. 

The  thoracic  wall  is  also  the  seat  of  more  trifling  neuralgic  pains ;  one  of 
these  is  pleurodynia,  which  differs  from  true  intercostal.. neuralgia  in  being 
usually  localized  at  one  spot  not  corresponding  to  the  course  or  exit  of  the 
intercostal  nerves.  It  appears  to  be  a  true  neuralgia,  distinguished  from 
myalgia  by  the  fact  that  it  is  local,  very  acute  in  character,  and  is  excited 
by  expansion  of  the  thorax  rather  than  by  lateral  movements  of  the  trunk. 
The  theory  that  it  is  a  neuralgia  of  the  pleural  nerves  has  much  probability. 
Another  common  neuralgic  pain  is  the  infra-mammary  pain  of  anaemic 
women.  Very  limited  in  position,  it  is  more  or  less  constant,  and  is  rarely 
increased  by  respiration  to  such  an  extent  as  to  interfere  with  the  free  expan- 
sion of  the  thorax.  The  relation  between  intercostal  neuralgia  and  pulmo- 
nary trouble  is  a  difficult  subject,  on  which  satisfactory  facts  are  difficult  to 
obtain,  and  few  observers  have  ventured  to  corroborate  the  statement  of 
Woillez,  that  acute  intercostal  neuralgia  is  always  accompanied  by  a  second- 
ary congestion  of  the  lung.  It  is  more  probable  that  when  this  association 
exists  the  true  relation  is  the  reverse.  The  intercostal  nerves  are  frequently 
the  seat  of  herpetic  neuralgia. 

The  neuralgias  that  occupy  the  lower  half  of  the  trunk  have  been  grouped 
as  lumbo-abdominal.  The  pain  has  a  course  similar  to  that  of  the  intercostal 
form.  Foci  of  pain  and  tender  points  are  found  at  the  back,  beside  the 
vertebrae,  over  the  posterior  branches ;  at  the  middle  of  the  iliac  crest 
(iliac point)  ;  at  the  lower  part  of  the  rectus  {hypogastric point),  while  some- 
times there  is,  in  the  male  a  scrotal,  and  in  the  female  a  labial  point.  These 
pains  are  often  bilateral,  and  may  change  their  position  from  time  to  time. 
They  are  generally  acute  pains,  but  now  and  then  have  a  constricting  char- 
acter, like  the  girdle  pain  of  organic  disease,  but  distinguished  from  them 
by  their  irritability.  Lumbo-abdominal  neuralgias  seem  to  be  sometimes 
secondary  to  disease  of  the  pelvic  organs,  especially  in  the  female.  Neural- 
gia in  the  penis  sometimes  results  from  masturbation.  It  may  also  be  due 
to  lithsemia,  and  from  this  cause  I  have  known  it  to  be  most  severe  and 
long  continued. 

The  spinal  column  is  a  very  common  seat  of  neuralgic  pain,  especially  in 
weakly  women  and  after  concussion  of  the  spine.  It  constitutes  one  of  the 
most  troublesome  of  the  many  pains  of  hysteria,  and  one  of  the  most  endur- 
ing consequences  of  railway  accidents.  The  pain  is  in  most  cases  felt 
through  a  considerable  vertical  extent  of  the  spine,  and  is  specially  intense 
in  certain  spots,  commonly  in  more  than  one.  The  dorsal  region  is  the 
most  common  seat,  next  the  lower  cervical,  and  least  frequently  the  lumbar 
region.  Sometimes  the  pain  is  localized  on  one  side  of  the  spine,  close 
to  it.  The  pain  felt  in  the  spine  in  cases  of  gastric  ulcer  seems  to  be  a  sort 
of  reflex  neuralgia.  Often  the  pain  seems  to  passup  to  the  back  of  the  head. 
Spinal  neuralgia  may  be  associated  with  a  similar  pain  in  some  other  part  of 
the  trunk,  shoulder,  arm,  or  leg.  It  is  usually  accompanied  by  considerable 
tenderness,  and  is  increased  by  fatigue,  by  use  of  the  legs,  by  long  sitting 
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or  standing,  and  also  by  vibration,  such  as  the  movement  of  a  carriage. 
The  latter  point  is  often  of  considerable  diagnostic  importance,  for  it  is  far 
more  marked  in  neuralgia  than  in  spinal  disease  causing  pain.  On  the 
other  hand,  the  pain  is  not  increased  by  slight  movement,  as  is  the  pain  of 
growths  and  caries.  The  pain  is  seldom  distinctly  paroxysmal,  but  as 
already  mentioned  in  one  case,  paroxysms  of  pain  in  the  cervical  spine  and 
vertex  were  most  intense,  and  each  was  accompanied  by  opisthotonos.  It  is 
uncertain  in  what  structure  this  spinal  neuralgia  is  produced.  It  is  often  asso- 
ciated with  neuralgia  elsewhere,  and  also  with  rheumatism  of  the  fibrous 
tissues,  so  that  some  cases  seem  to  be  of  the  nature  of  rheumatic  neuralgia. 
It  has  been  thought  that  the  membranes  are  the  seat  of  the  pain,  but  there 
is  no  real  evidence  for  or  against  the  theory. 

Another  very  common  seat  of  neuralgia  is  the  sacral  region,  no  doubt  in 
consequence  of  the  plexus  of  nerves  that  lies  between  the  bone  and  the 
skin.  Pains  of  pelvic  origin  are  often  referred  to  this  region,  as  those  of 
parturition  show.  Occasionally  the  pain  is  felt  chiefly  about  the  coccyx — 
coccydynia  it  has  been  termed.  It  must  be  remembered  that  the  fibrous 
tissues  over  the  sacrum  are  sometimes  the  seat  of  acute  rheumatism,  such  as 
higher  up  gives  rise  to  lumbago. 

Neuralgia  of  the  Leg. — In  the  lower  limb,  neuralgia  is  rare  in  the  region 
supplied  from  the  lumbar  plexus,  although  a  crural  form,  in  which  the  pain 
occupies  chiefly  the  front  of  the  thigh,  is  occasionally  met  with.  In  most 
instances  pain  in  this  region  is  of  secondary  origin,  due  to  a  lesion  of  the 
lumbar  plexus,  as,  for  instance,  from  the  pressure  of  an  abdominal  tumor,  or 
is  due  to  the  extension  of  neuritis  from  the  sciatic  up  the  lumbo-sacral 
cord. 

The  mnjority  of  neuralgic  pains  in  the  leg  are  in  the  region  of  the  sciatic 
nerve,  and  are  grouped  under  the  designation  of  sciatica.  The  pain  occu- 
pies especially  the  course  of  the  nerve,  but  tender  foci  are  met  with  in  cer- 
tain spots  ;  lumbar,  near  the  spine,  just  above  the  sacrum  ;  sacro-iliac,  at  the 
articulation  of  the  same  name ;  a  gluteal  opposite  the  middle  of  the  lower 
border  of  the  gluteus ;  a  series  of  spots  varying  in  exact  position,  along 
the  course  of  the  nerve  in  the  posterior  aspect  of  the  thigh  ;  a  peroneal 
behind  the  head  of  the  fibula  ;  and  a  malleolar  behind  the  lower  extremity 
of  the  fibula,  and  an  external  plantar  at  the  outer  border  of  the  foot.  It  is, 
however,  certain  that  sciatica  is  seldom  a  true  neuralgia.  Almost  all  severe 
cases  are  due  to  inflammation  of  the  nerve  trunk  ;  the  evidence  of  this  has 
been  stated  in  the  account  of  the  disease  on  page  103  et.  sea. 

Lastly,  it  should  be  mentioned  that  in  rare  cases  neuralgic  pains  are  felt 
almost  everywhere,  in  the  limbs,  trunk,  and  head,  and  apparently  constitute 
a  sort  of  universal  neuralgia.  The  few  cases  I  have  seen  have  been  in  adult 
men,  and  associated  with  hypochondriasis. 
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Epileptiform  Neuralgia. — The  term  is  applied  (according  to  the  example 
of  Trousseau)  to  an  intractable  form,  in  which  each  attack  of  pain  comes  on 
very  suddenly,  with  intense  severity,  and  lasts  usually  less  than  a  minute, 
sometimes  only  a  few  seconds,  rarely  for  two  or  three  minutes.  The  fre- 
quency with  which  the  attacks  recur  vary  in  different  cases  ;  the  daily  num- 
ber may  be  one  or  hundreds.  The  pain  is  most  intense,  so  that  the  patient 
stamps  about  the  room  in  agony,  or  tries  to  get  relief  by  violent  rubbing  or  by 
pressure.  Trousseau  relates  the  case  of  a  lady  whose  malar  bone  was  atrophied 
in  consequence  of  the  pressure,  repeated  every  few  minutes  for  years.  The 
sufferers  from  this  terrible  form  are  usually  in  the  second  half  of  life.  The 
pain  is  invariably  in  the  region  of  the  fifth  nerve,  sometimes  in  the  whole, 
sometimes  in  part  only,  but  rarely  confined  to  a  single  branch.  Convulsive 
spasm  in  the  face  may  accompany  the  pain  (convulsive  epileptiform 
neuralgia). 

Reflex  or  sympathetic  neuralgias  are  those  in  which  the  pain  is  felt  in 
another  nerve  region  than  that  in  which  its  cause  exists.  The  radiation  of 
neuralgic  pain  must,  as  already  stated,  be  ascribed  to  the  extension  of  the 
central  discharge  to  adjacent  centres,  but  the  term  "reflex  neuralgia"  is 
not  applied  to  these  cases,  but  to  those  either  in  which  the  pain  exists  only 
at  a  distance  from  its  cause,  or  in  which  the  distant  neuralgia  has  no  sensory 
continuity  with  the  primary  pain.  The  pain  of  a  carious  tooth  may  be  asso- 
ciated with  a  distant  and  apparently  disconnected  pain  in  some  other  part  of 
the  fifth  nerve,  or  such  disease  may  cause  only  distant  neuralgia,  and  no 
local  pain.  The  proneness  of  the  fifth  nerve  to  be  affected  in  neuralgia  ren- 
ders it  a  common  seat  of  the  reflex  form.  For  instance,  neuralgia  limited 
to  the  fifth  has  been  produced  by  injury  to  the  ulnar  nerve  and  to  the  occi- 
pital nerve  (Anstie).  Nevertheless,  the  converse  relation  is  sometimes 
observed  ;  carious  teeth  are  said  occasionally  to  cause  neuralgia  in  other 
parts,  as,  for  instance,  in  the  cervico-brachial  region  (Salter).  When  no 
local  pain  is  felt,  we  must  assume  that  the  centre  to  which  the  afferent  impres- 
sions directly  come  is  not  thus  excitable  to  painful  activity,  or  even  so  as  to 
influence  consciousness,  but  that  it  is  in.  connection  with  another  centre  which, 
by  natural  or  acquired  susceptibility,  is  disposed  to  excessive  action. 
Curious  cases  are  on  record  in  which  the  act  of  micturition  invariably 
caused  a  pain  in  the  region  of  the  arm  supplied  by  the  ulnar  nerve.* 

The  cause  and  seat  of  reflex  neuralgia  may  be  most  varied.  When  due 
to  causes  acting  on  the  cerebro-spinal  nerves,  the  pain  is  usually  felt  on  the 
same  side,  and  rarely  far  distant.  A  most  important  class  of  reflex  pains 
are  those  which  are  produced  by  disease  of  the  internal  viscera,  such  as  the 
spinal  pain  in  ulcer  of  the  stomach,  the  sacral  pain  in  uterine  disease,  the 
scapular  pain  in  affections  of  the  liver,  the  pain  in  the  testicle  in  renal  colic, 

*  Several  such  cases  are  given  by  Vanlair  ("  Les  Nevralgies  "  p.  330) ;  one  of  them  comes 
from  a  curious  source — the  autobiography  of  Clarendon,  Chancellor  to  Charles  II.  See 
note  on  p.  1 136. 
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and  pain  in  the  front  of  the  thigh  and  spine  in  gonorrhoeal  orchitis  (Mauriac). 
Many  of  these  are  rather  reflex  pains  than  neuralgias  properly  so  called,  but 
they  occasionally  persist  when  their  cause  is  removed,  or  assume  dispropor- 
tionate intensity.  They  are  of  very  great  practical  importance  on  account 
of  the  readiness  with  which  their  cause  may  escape  attention. 

Traumatic  neuralgias  are  those  that  are  excited  by  injury  to  nerves — by 
contusion,  and  by  punctured,  lacerated,  or  incised  wounds.  In  some 
instances  the  pain  is  the  result  of  a  neuritis,  set  up  by  the  injury,  which 
may  ascend  the  nerves  and  pass,  at  a  junction,  to  other  trunks.  But  neural- 
gia may  also  be  set  up  when  there  is  no  more  than  the  local  and  transient 
inflammation  at  the  spot  injured.  Such  neuralgia  may  follow  nerve  lesions 
in  any  part  of  the  body,  but  are  especially  frequent  in  the  arm,  the  nerves 
of  which  are  much  exposed  to  injury.  In  the  days  of  venesection,  a  com- 
mon form  t>f  neuralgia  resulted  from  injury  to  a  cutaneous  nerve  in  the 
operation.  It  may  follow  wounds  of  both  large  and  small  nerves,  and  by 
some  observers  has  been  thought  to  be  more  frequently  due  to  the  latter,  but 
it  must  be  remembered  that  small  nerves  are  more  often  wounded  than 
larger  trunks.  Anstie  believes  that  neuralgia  is  more  common  from  partial 
injuries  than  when  the  nerves  are  completely  divided.  It  is  a  frequent  con- 
sequence of  gunshot  injuries  of  nerves.  In  some  cases  the  disease  is  appar- 
ently due  to  the  implication  of  nerves  in  a  cicatrix,  or  to  the  morbid 
enlargement  of  the  nerve  ends  after  amputation,  which  goes  by  the  name  of 
"bulbous  nerves." 

The  pain  may  commence  a  few  hours  or  days  after  the  injury,  but  more 
frequently  not  until  after  an  interval  of  some  weeks  or  months.  It  generally 
begins  in  the  point  injured,  but  is  rarely  limited  to  this,  or  even  to  the  part 
supplied  by  the  wounded  branch.  It  usually  radiates  to  adjacent  regions, 
and  sometimes  to  parts  supplied  by  other  nerve  trunks.  For  instance,  a 
woman  received  a  blow  on  the  thorax,  probably  contusing  an  intercostal 
nerve.  The  early  pain  of  the  injury  ceased,  but  two  months  later  neuralgic 
pains  commenced  at  the  spot  and  gradually  spread  over  the  whole  region 
supplied  by  the  cervical  and  brachial  plexus  (Ollivier).  The  pain  may  be 
less  intense  at  the  seat  of  the  injury  than  it  is  elsewhere,  and  it  may  even  be 
absent  at  the  seat  of  injury,  and  then  is  of  the  purely  reflex  variety,  instances 
of  which  have  been  already  mentioned.  These  facts,  and  also  the  circum- 
stance that  the  pain  is  not  always  influenced  by  excision  of  the  injured 
nerve,  show  clearly  that  it  is  to  a  large  extent  of  central  origin,  the  expres- 
sion of  a  disturbance  which,  though  excited  by  the  nerve  injury,  is  to  a 
considerable  extent  independent  of  it,  and  doubtless  due,  not  only  to  the 
excitant,  but  also  to  a  predisposition,  such^as  is  concerned  in  the  production 
of  other  neuralgias.  The  same  fact  is  seen  even  more  clearly  in  cases  in 
which  some  injury  leaves  a  slight  local  weakness  or  disability,  and  years 
afterward  the  part  may  become  the  seat  of  neuralgic  pain,  under  the  influ- 
ence of  a  constitutional  tendency. 

The  pain  is  usually  intermitting  "in  character,  but  often  most  intense  in 
degree  and  causes  profound  depression  of  the  general  system.    It  may  excite 
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muscular  spasm,  and,  especially  at  the  onset  soon  after  the  injury,  other 
reflex  symptoms,  such  as  vomiting.  Vasomotor  disturbance  occasionally 
ensues;  trophic  changes  in  the  skin  and  joints  have  been  described,  but  it 
is  very  doubtful  whether  nutrition  suffers  except  in  consequence  of  consid- 
erable secondary  neuritis.  These  lesions  are  considered  more  fully  in  the 
chapter  on  neuritis,  on  page  72  et  seq.  The  course  of  traumatic  neuralgia 
is  often  tedious,  sometimes  most  prolonged,  and  it  has  been  known  to  last 
to  the  end  of  life,  in  spite  of  every  medical  and  surgical  measure  that 
could  be  devised  for  its  relief.  When  it  ceases,  it  is  prone  to  recur  under 
the  influence  of  general  depressing  influences. 

Occupation  Neuralgias. — These  are  pains,  more  or  less  neuralgic  in  char- 
acter, brought  on  by  some  habitual  act.  They  are  the  sensory  forms  of 
occupation  neuroses,  in  the  account  of  which  they  have  been  fully  described. 

Herpetic  Neuralgia. — Herpes  zoster,  whatever  its  seat,  is  usually  accom- 
panied by  pain  of  a  neuralgic  character.  The  explanation  of  this  is  found 
in  the  conclusive  evidence  that  the  eruption  is  the  effect  of  nerve  irritation, 
probably  always  inflammatory  in  character.  It  always  corresponds  in  area 
to  the  distribution  of  certain  nerves,  and,  post-mortem,  inflammation  has 
been  found  in  the  nerve  (Haight)  and  in  the  ganglia  of  the  posterior  roots 
(Barensprung,  Charcot,  etc.).  The  neuralgic  pain  is  thus  "symptomatic," 
the  result  of  organic  changes  in  the  nerves.  Sometimes  herpes  occurs  in  the 
area  of  a  nerve  which  has  long  been  the  seat  of  neuralgic  pain,  and  hence 
is  regarded  as  an  occasional  trophic  effect  of  neuralgia,  but  it  is  an  extremely 
rare  consequence,  and  probably  only  occurs  in  cases  in  which  the  pain  is 
the  expression  of  organic  changes  in  the  nerve,  and  is  not  a  consequence  of 
simple  idiopathic  neuralgia. 

In  cases  of  ordinary  zoster,  pain  may  occur  before  or  after  the  eruption. 
The  initial  pain  precedes  the  appearance  of  the  eruption  for  a  few  hours  or 
days,  is  usually  moderate  in  severity,  and  commonly  (but  not  always)  sub- 
sides as  the  cutaneous  lesion  is  developed.  Sometimes  this  pre-herpetic  pain 
is  absent,  especially  in  the  young,  although  even  then  there  is  usually  an 
initial  sensation  of  tingling  in  the  part.  The  pain  that  succeeds  herpes  is 
more  constant.  It  comes  on  usually  during  the  decline  of  the  eruption,  and 
its  occurrence  bears  no  relation  to  the  seat  of  the  herpes.  The  most  com- 
mon situations  for  neuralgia  are  those  in  which  herpes  is  most  common  :  the 
side  of  the  trunk,  the  forehead,  neck,  and  leg,  The  pain  has  the  distribu- 
tion of  the  eruption,  corresponding  to  the  nerve  or  nerves  affected.  It  varies 
in  degree,  but  is  usually  acute,  lancinating,  and  for  a  time  severe,  and  is 
accompanied  by  great  tenderness  of  the  skin.  The  same  tender  points  are 
met  with  as  in  ordinary  neuralgia  in  the  same  area.  There  is  an  important 
relation  between  the  age  of  the  patient  and  the  severity  and  duration  of  the 
pain.  In  old  persons  it  constitutes  one  of  the  most  severe  and  persistent 
forms  of  neuralgia,  often  continuing  for  months  and  even  years  before,  at 
last,  it  slowly  lessens.  Occasionally,  it  persists  in  unmitigated  intensity  to 
the  end  of  life.  Sir  William  Jenner,  in  his  lectures,  was  accustomed  to 
illustrate  the  obstinate  persistence  of  this  pain  in  the  old,  by  the  instance  of 
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a  man  who,  before  the  days  of  anaesthetics,  endured  the  excision  of  the  skin 
to  which  the  pain  was  referred,  in  the  hope  of  relief,  but  found  none,  and 
then,  unable  to  bear  the  continuous  agony,  he  shot  himself. 

Hysterical  Neuralgias.— Neuralgic  pains_are  common  in  hysteria,  but  a 
distinction  must  be  drawn  between  those  which  are  merely  associated  with, 
and  those  which  are  due  to,  the  general  neurosis.  Of  associated  forms, 
every  variety  of  true  neuralgia  may  be  met  with,  due  to  the  neuropathic  dis- 
position, which  is  also  the  cause  of  the  hysteria,  and  they  present  the  charac- 
teristic distribution,  tender  points,  etc.,  of  the  ordinary  form.  Anaemic 
neuralgias  are  also  common  in  hysterical  patients,  in  whom  the  nerve  dis- 
turbance is  often  due  to  poorness  of  blood.  Of  the  neuralgic  pains  that  are 
due  to  hysteria,  some  are  in  the  cerebro-spinal  system,  some  in  that  of  the 
sympathetic.  Certain  local  pains  in  the  head  are  very  common,  but'  these 
differ  from  ordinary  neuralgia  in  being  confined  to  one  small  spot,  instead  of 
following  the  course  of  nerves,  and  the  local  pain  has  a  sharp  stabbing  or 
boring  charactar,  as  if  a  nail  were  being  driven  in,  and  hence  has  received 
the  name  of  "  clavus  hystericus."  It  is  important  to  remember  that  a  similar 
pain  may  be  met  with  apart  from  hysteria,  especially  in  anasmic  persons. 
Pains  in  the  spine  are  also  extremely  common,  sometimes  very  local,  and  of 
various  characters.  Other  pains  referred  to  the  trunk  are  usually  associated 
with  local  tenderness,  in  the  so-called  "hysterogenic  points."  The  most 
important  neuralgias  of  hysteria  are  those  of  the  viscera,  ovarialgia  (not 
necessarily  in  the  ovary  itself),  and  gastralgia,  being  the  most  frequent. 
Pains  in  the  joints  and  muscles  are  also  common.  The  visceral  neuralgias, 
and  those  associated  with  parietal  tenderness,  are  usually  persistent,  but  the 
local  boring  pains,  and  those  in  the  joints  and  muscles,  are  often  fugacious 
and  migratory,  and  this  cofistitutes  a  diagnostic  point  of  considerable 
importance. 

Rheumatic  Neuralgia. — In  a  loose  way,  all  neuralgias  produced  by  cold 
are  sometimes  styled  "rheumatic,"  but  the  mere  causal  relation  scarcely 
warrants  the  epithet.  The  peculiar  affection  termed  "muscular  rheuma- 
tism "  is  also  sometimes  called  a  rheumatic  neuralgia,  but  this  is  to  extend 
the  use  of  the  term  in  a  manner  that  is  scarcely  justified  or  needed.  Pain 
that  occurs  only  on  movefnent  should  never  be  called  neuralgia.  Acute 
articular  rheumatism  is  rarely  associated  with  true  neuralgia,  but  some  forms 
of  spontaneous  pain  are  frequently  produced  by  cold  in  those  who  present 
what  is  termed  the  "rheumatic  diathesis,"  who  perspire  easily,  are  liable  to 
catarrh,  and  whose  urine  readily  becomes  loaded  with  lithates  after  a  chill. 
Such  pains  may  correspond  to  a  certain  nerve,  or  may  occupy  some  part  of 
a  limb,  without  any  definite  relation  to  nerves,  and  are  often  migratory. 
Their  exact  pathology  is  uncertain.  Some  other  facts  regarding  this  variety 
have  been  mentioned  on  p.  1133. 

Gouty  Neuralgia. — The  subjects  of  gout  not  unfrequently  suffer  from 
nerve  pains,  apparently  idiopathic  in  character,  coming  and  going,  and 
sometimes  very  severe.  The  pain  may  disappear  when  an  attack  of  acute 
gout  is  developed.    The  fifth  nerve,  the  intercostals,  and  the  sciatic  are  those 
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most  frequently  affected.  Severe  sciatica  sometimes  occurs  in  the  gouty  but 
is  certainly  due  to  neuritis.  One  visceral  neuralgia  is  also  sometimes  due  to 
gout,  gastralgia. 

Diabetic  Neuralgia. — Patients  with  diabetes  may  suffer  from  neuralgic  pains 
that  have  no  special  characters,  but  Worms  has  called  attention  to  the  sym- 
metry of  the  pains,  which  occupy  the  same  nerve  on  both  sides,  as  a  charac- 
teristic of  diabetic  neuralgia.  The  pain  has  hitherto  been  observed  chiefly 
in  the  third  division  of  the  fifth  nerves  and  the  sciatics.  It  must  be  remem- 
bered, however,  that  ordinary  neuralgia  is  occasionally  symmetrical.  The 
nerve  pains  met  with  in  diabetes  are  often  severe  and  obstinate  until  the 
cause  is  removed  by  dietetic  treatment.  They  have  been  observed  to 
increase  and  decrease  with  the  amount  of  sugar  in  the  urine.  Ziemssen  has 
suggested  that  they  may  be  sometimes  the  result  of  a  peripheral  neuritis 
analogous  to  that  which  is  met  with  in  alcoholism.  While  there  is  some 
evidence  that  such  neuritis  may  occur  in  diabetes,  it  seems  improbable  that 
it  is  the  cause  of  the  pains  commonly  met  with. 

Anmmic  Neuralgia. — Anaemia  is  one  of  the  most  powerful  causes  of  neu- 
ralgia in  all  its  forms,  but  certain  varieties  are  more  frequent  than  others  in 
this  condition,  especially  in  young  women.  One  of  these  is  situated  in  the 
fifth  nerve,  either  in  the  first  division  or  in  the  auriculo-temporal  branch.  It 
is  generally  intermittent  and  is  increased  by  movement,  while  it  is  lessened 
by  the  recumbent  posture.  Another,  still  more  frequent  and  more  continu- 
ous, is  that  which  is  felt  in  the  thorax,  in  the  fifth  and  sixth  interspaces  on 
the  left  side,  the  well-known  infra-mammary  pain.  Gastralgia  is  also  com- 
mon apart  from  ulcer.  Headaches  that  have  no  true  neuralgic  character  are 
also  very  common. 

Neuralgia  of  the  cerebro-spinal  nerves  sometimes  occurs  in  lead  poisoning, 
but  it  is  uncertain  whether  it  is  the  result  of  the  toxic  influence  or  of  the 
anaemia  which  this  causes.  The  knowledge  of  their  cause,  however,  is  very 
important.  According  to  Briquet,  lead  colic  is  in  part  a  neuralgia  of  the 
abdominal  wall,  but  the  evidence  of  this  is  scarcely  satisfactory. 

Malarial  neuralgias  are  not  very  common  even  where  ague  is  frequent. 
They  present  nothing  characteristic  in  seat,  although  the  supra-orbital  and 
intercostal  forms  are  the  most  frequent ;  nor  is  there  anything  special  in  the 
character  of  the  pain.  Their  chief  feature  is  regular  periodicity,  the  inter- 
vals between  the  attacks  being  from  one  to  four  days.  The  periodicity  is 
less  characteristic  when  the  attacks  are  diurnal  than  when  three  or  four  days 
intervene.  Occasionally  the  paroxysms  are  attended  with  slight  symptoms 
of  an  ague  fit,  a  trifling  cold  and  hot  stage  (Anstie).  They  must  not  be 
confounded  with  the  vasomotor  phenomena  met  with  in  cases  of  the  ordinary 
form.  It  is  very  doubtful  whether  the  neuralgia  is,  in  most  cases,  a  direct 
effect  of  the  malarial  poison,  in  the  sense  in  which  ague  is.  It  is  probably 
an  indirect  effect,  the  result  of  the  anaemic  and  depressed  state  of  the  nervous 
system  induced  by  malarial  influences,  even  in  those  who  do  not  suffer  from 
intermittent  fever.  Neuralgia,  apparently  due  to  malarial  causes,  does  not 
always  yield  to  quinine,  even  when  given  in  the  most  approved  manner.  It 
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is  probable  that  the  exact  periodicity  of  many  malarial  neuralgias  is  the 
result  of  the  state  of  the  nervous  system  produced  by  the  poison,  and  it  does 
not  prove  the  neuralgia  to  be  truly. malarial.  In  some  cases  of  supra-orbital 
neuralgia  with  exact  periodicity  coming  from  malarial  districts  (recorded  by 
Seeligmiiller),  quinine  failed  entirely  while  other  treatment  was  quickly  suc- 
cessful. 

Syphilitic  Neuralgia.— The  pains  of  syphilis  constitute  a  prominent  symp- 
tom of  that  disease,  but,  for  the  most  part,  "have  no  correspondence  with 
nerve  distribution,  and  can  therefore  be  scarcely  regarded  as  neuralgic. 
Symptomatic  neuralgic  pain  occurs  in  many  syphilitic  affections  of  the  ner- 
vous system  which  cause  irritation  of  the  nerves  or  iheir  roots,  in  chronic 
meningitis,  neuritis,  and  pressure  from  growths.  One  of  the  most  severe 
and  obstinate  cases  of  pain  in  the  region  of  the  fifth  nerve  I  have  seen,  was 
due  to  chronic  spyhilitic  meningitis  at  the  origin  of  the  nerve.  In  such 
cases  the  nature  of  the  lesion  is  usually  clear  from  the  evidence  of  structural 
damage  to  the  nerve  fibres.  In  the  case  just  mentioned,  for  instance,  there 
was  anaesthesia  and  paralysis  of  the  masseter.  Whether  idiopathic  neuralgia 
results  from  the  influence  of  the  syphilitic  poison  is  uncertain.  Fournier 
believes  that  such  neuralgia  is  common  during  the  secondary  stage,  but  very 
few  conclusive  cases  have  been  recorded.  It  must  be  remembered  that  in 
the  early  stage  of  neuritis,  etc.,  pain  may  be  the  only  symptom,  and,  on  the 
other  hand,  the  anaemia  which  results  from  syphilis  may  be  the  real  cause  of 
the  neuralgia.  Anstie  believed  that  syphilis  does  not  cause  true  neuralgia, 
although  it  may  recall  a  neuralgia  which  had  long  ceased.  A  peculiarly  dis- 
tressing post-sternal  pain,  apparently  neuralgic  in  character,  has  been  occa- 
sionally observed  in  constitutional  syphilis  (Eccheverria,  Buzzard). 

Degenerative  Neuralgia. — In  advanced  life,  and  sometimes  before  the 
senile  period  is  reached,  neuralgia  is  occasionally  met  with,  of  extreme 
obstinacy,  and  associated  with  other  signs  of  degeneration  of  the  central 
nervous  system,  such  as  failure  of  memory  or  persistent  mental  depression. 
The  neuralgia  is  apparently  one  effect  of  a  degenerative  tendency.  The 
affection  has  all  the  characters  of  a  central  neuralgia.  The  fifth  nerve  is  by 
far  the  most  common  seat,  but  the  pain  sometimes  occurs  in  other  situations. 

Diagnosis. — The  diagnosis  of  neuralgia  rests  on  the  unilateral  situation  of 
the  pain,  on  its  correspondence  to  the  distribution  of  certain  nerves,  its 
intermitting  or  remitting  character  (/".  e.,  the  occurrence  of  paroxysmal 
exacerbations),  on  the  fact  that  the  patient  has  suffered  from  similar  pains 
elsewhere,  on  the  variations  in  the  seat  of  the  pain,  arid  on  the  absence  of 
any  indications  of  actual  damage  to  the  nerve  fibres.  The  variability  is  a 
symptom  of  great  importance.  If  the  pain  shifts  about,  now  in  one  spot 
and  now  in  another,  it  is  not  likely  to  be  due  to  an  organic  cause.  For 
instance,  a  man  with  fronto-occipital  neuralgia  had  foci  of  pain  in  the  fore- 
head, temple  and  occiput,  but  he  never  had  pain  at  the  same  time  at  more 
than  one  of  these  places.  The  last  of  the  above  indications,  however,  is  the 
most  important  element  in  the  distinction  of  neuralgia  from  the  similar  pains 
which  result  from  organic  disease  of  the  nerves  due  to  external  pressure  or 
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neuritis.  It  is  in  the  case  of  the  fixed  neuralgias  (as  distinguished  from  the 
migratory  forms)  that  the  distinction  is  of  chief  importance.  The  diagnosis 
is  more  difficult  in  the  case  of  neuritis  than  of  external  pressure  (tumor, 
etc.),  because,  in  the  latter  case,  the  cause  of  the  pressure  usually  produces 
other  symptoms,  and  the  effect  of  the  pressure  is  progressive,  so  that  gradu- 
ally increasing  signs  of  a  structural  lesion  are  added  to  the  pain.  But  from 
neuritis  the  distinction  may  be  much  less  easy™  The  difficulty  is  the  greater, 
the  slighter  the  degree  of  neuritis.  Severe  inflammation  causes  severe  con- 
stant pain,  at  first  more  intense  at  its  seat  than  in  the  distribution  of  the 
nerve,  because  the  inflammation  is  most  intense  in  the  nerve  sheath,  and  the 
sheath  nerves  suffer  first.  In  severe  forms,  however,  the  proper  fibres  of  the 
nerve  are  soon  implicated  to  a  degree  that  interferes  with  their  conducting 
functions,  so  as  to  cause  at  first  persistent  hyperesthesia,  and  then  areas 
of  anaesthesia,  while  if  the  nerve  is  "mixed,"  the  muscles  supplied 
become  weak,  flabby,  and  rapidly  waste,  with  changes  in  electrical  irri- 
tability. In  slight  cases,  on  the  other  hand,  the  sheath  chiefly  suffers; 
there  may  be  no  interference  with  conduction,  and  the  pain  resembles 
"neuralgia  more  closely,  although,  as  a  rule,  it  is  more  continuous  than 
in  true  neuralgia.  The  diagnosis  is  also  difficult  when  the  seat  of  the 
neuritis  is  such  as  to  render  the  nerve  inaccessible  to  direct  examination. 
If  it  can  be  reached,  there  will  be  found  from  the  first  local  tenderness 
of  the  nerve.  In  idiopathic  neuralgia  tenderness  of  the  trunk  in  the 
intervals  is  only  developed  after  the  neuralgia  has  existed  for  some  weeks. 
Moreover,  in  neuritis  distinct  swelling  of  the  nerve  can  sometimes  be  felt. 
Local  tenderness  is  thus  chiefly  of  significance  in  the  early  stage  of  the  affec- 
tion, or  when  it  occupies  a  considerable  area  of  the  nerve  trunk,  and  is  not 
confined  to  certain  points. 

If,  therefore,  the  pain  is  migratory,  if  it  is  completely  intermittent, 
especially  if  the  intermissions  are  of  long  duration,  if  the  attacks  are  induced 
by  psychical  influences,  the  suspicion  of  an  organic  cause  will  scarcely  arise. 
If,  on  the  other  hand,  there  is  continuous  pain,  rapidly  developing  to  a  con- 
siderable degree,  organic  disease  should  be  suspected,  and  the  suspicion  will 
be  confirmed  if  there  is  persistent  alteration  of  sensibility,  muscular  wasting 
or  altered  irritability,  or  trophic  changes  in  the  skin.  Great  care  is  neces- 
sary, however,  in  testing  the  muscles,  because  a  strong  electrical  stimulus 
may  greatly  increase  the  pain.  The  isolated  faradaic  shocks  should  be 
employed  rather  than  the  current,  because  they  cause  much  less  pain,  and 
because  they  detect  most  readily  the  earliest  change  produced  by  neuritis,  a 
slight  increase  of  irritability ;  an  altered  reaction  to  voltaism  will  also  often 
be  found.  Early  tenderness  of  the  nerve,  not  merely  during  but  between 
the  paroxysms,  extending  some  distance,  and  distinct  swelling  of  the  nerve, 
indicate  neuritis.  The  absence  of  these  does  not  exclude  neuritis,  because 
it  may  occupy  an  inaccessible  portion  of  the  nerve.  If  the  symptoms  of 
structural  damage  gradually  increase  and  progress,  and  especially  if  they 
involve  the  whole  region  of  the  distribution  of  the  nerve,  compression  may 
be  suspected,  and  is  confirmed  by  the  discovery  of  any  other  symptoms  indi- 
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eating  organic  disease  in  the  vicinity  of  the  nerve  trunk,  such  as,  in  the  case 
of  the  fifth,  damage  to  other  nerves  which  arise  or  pass  near  it.  It  must  be 
remembered  that  in  some  cases  the  differential  diagnosis  of  slight  inaccessible 
neuritis  from  neuralgia  may  be  impossible,  because,  on  the  one  hand,  the 
irritation  of  neuritis  may  cause  neuralgic  changes  in  the  nerve  centre,  and, 
on  the  other,  a  primary  functional  neuralgia  may  cause,  by  reflex  vasomotor 
disturbance,  secondary  changes  in  the  sheath,  so  that  in  each  case  a  mixed 
affection,  partly  functional,  partly  organic,  is  the  result;  or,  in  current 
terms,  a  neuralgia  which  is  at  first,  either  symptomatic  or  idiopathic,  may 
ultimately  be  both. 

In  all  forms  of  neuralgia,  the  circumstance  that  the  patient  has  previously 
had  attacks  of  pain  in  other  situations  is  a  very  important  help  in  diagnosis. 
It  does  not,  of  course,  prove  that  a  given  pain  is  of  functional  origin,  but  it 
is  proof  of  a  tendency  to  such  pain,  which  may  justly  be  allowed  consider- 
able weight  in  the  absence  of  signs  of  an  organic  lesion.  This  character  is 
frequently  of  very  great  practical  value,  especially  in  cases  of  neuralgic  pain 
of  unusual  seat.  Another  similar  indication  is  the  fact  that  the  neuralgia 
replaces  some  other  functional  disease,  as,  for  instance,  migraine. 

Special  Diagnosis. — There  are  certain  affections  with  which  the  several 
varieties  of  neuralgia  are  liable  to  be  confounded.  Almost  any  form  of  neu- 
ralgia may  besimulated  by  the  pains  of  tabes,  and  the  possibility  of  this 
calise  should  always  be  thought  of,  especially  in  the  case  of  migratory  pain. 
In  some  situations  the  risk  of  error  is  greater  than  in  others,  and  these  will 
be  especially  mentioned. 

In  neuralgias  in  the  branches  which  are  distributed  over  the  skull  (fifth 
and  great  occipital)  it  is  often  doubtful  whether  the  affection  should  be  called 
headache  or  neuralgia.  The  distinction  in  some  cases  is  one  of  name  rather 
than  of  real  difference.  Either  term  is  employed,  according  as  the  pain 
seems  superficial  or  deeply  seated.  But  the  fifth  nerve  gives  fibres  to  the 
dura  mater,  and  it  is  probable  that  some  of  the  deeply-seated  unilateral  head- 
aches are  really  allied  to  neuralgia,  although  it  is  customary,  on  account  of 
their  special  association,  to  describe  them  separately  (see  Headache).  The 
fifth  nerve  is  often  damaged  by  organic  intracranial  disease,  and  nerve  pain, 
thus  produced,,  is  sometimes  mistaken  for  simple  neuralgia.  Besides  the 
indications  already  described,  organic  disease  often  causes  deeply-seated 
headache  and  other  symptoms,  especially  in  the  functions  of  other  nerves, 
optic  neuritis,  and  paralysis  or  convulsion  in  the  limbs.  A  history  of  recent 
syphilis  increases  the  probability  of  organic  disease,  but  does  not  render  it 
certain  (see  p.  1154).  The  occurrence  of  herpes  in  the  course  of  a  supposed 
neuralgia  is  also  probable  evidence,  here  as  elsewhere,  of  organic  changes 
in  the  nerves.  It  must  not  be  forgotten  that  neuralgic  pains  are  sometimes 
the  first  symptom  of  morbid  growths  in  the  upper  jaw  and  parotid  region. 

The  diagnosis  of  the  cervico-occipital  form  rarely  presents  any  difficulty. 
The  neuralgic  pain  usually  courses  along  the  nerve  trunk,  but  it  must  be 
remembered,  that  occipital  neuralgia  is  occasionally  bilateral.  In  caries  of 
the  cervical  vertebrae  pain  may  be  an  early  symptom,  but  it  scarcely  ever 
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spreads  to  the  occiput,  and  the  early  interference  with  movement  is  usually 
characteristic. 

The  neuralgias  of  the  arm  have  to  be  distinguished  chiefly  from  neuritis, 
by  the  indications  already  mentioned.  The  diagnosis  is  seldom  difficult, 
because  neuritis  usually  causes  trophic  changes  in  the  muscles  and  skin,  and 
the  nerves  are  accessible  in  a  large  part  of  their  course. 

A  more  difficult  problem  is  presented  by  the  trunk  neuralgias,  which  have 
to  be  distinguished  from  disease  of  the  internal  viscera,  and  from  organic 
spinal  disease.  Unilateral  pain  is  a  frequent  accompaniment  of  disease  of 
the  organs  in  the  thorax  and  abdomen,  and  it  is  hardly  necessary  to  point 
out  that,  in  every  case,  a  careful  examination  should  be  made  of  the  organs 
adjacent  to  the  seat  of  pain.  The  greatest  difficulty  arises  in  the  case  of 
deeply-seated  tumors  which  cause  pain  by  nerve  compression,  especially 
when,  as  is  sometimes  the  case,  the  pains  are  "  reflected  "  and  do  not  pre- 
cisely correspond  in  position  to  their  cause.  Aneurism  of  the  aorta,  for 
example,  often  gives  rise  to  such  pain,  especially  when  seated  in  the  descend- 
ing part ;  pain  in  the  course  of  the  nerves  may  be  the  only  symptom 
until  sudden  death  occurs.  The  pain  is  usually  very  severe,  and  often  burn- 
ing in  character,  and  has  not  the  same  foci  of  intensity  and  tender  points  as 
in  ordinary  neuralgia.  In  severe  unilateral  (and  even  bilateral)  pain,  per- 
sistent in  occurrence,  whether  uniform  in  seat  or  not,  this  cause  should 
always  be  suspected.  One  of  the  most  severe  cases  of  neuralgic  pain  I  have 
ever  seen — darting,  stabbing,  burning,  migratory  pains  in  legs,  abdomen, 
thorax,  and  left  arm — was  due  to  an  undiscovered  abdominal  aneurism. 
Aneurism  of  the  ascending  part  of  the  arch  is  now  and  then  accompanied  by 
pain  passing  to  the  arm,  apparently  of  reflex  character.  Intercosto-humeral 
neuralgia  may  simulate  angina  pectoris,  of  which,  indeed,  such  neuralgia 
may  be  said  to  form  part.  The  severity  of  the  paroxysms  of  angina,  and  the 
other  distressing  sensations  which  accompany  the  pain,  usually  renders  the 
nature  of  the  attacks  sufficiently  clear. 

The  parietal  pains  which  accompany  disease  of  the  spinal  cord  rarely  have 
the  acute  lancinating  character  of  neuralgia ;  they  are  sensations  of  tightness 
or  constriction,  and  the  obtrusive  symptoms  in  the  legs  indicate  the  nature 
of  the  disease.  To  this,  however,  morbid  growths  of  the  cord  offer  an  excep- 
tion, especially  in  the  early  stage.  The  pains  may  be  very  severe  and  of 
various  character,  but  they  are  constant  in  seat,  are  increased  by  any  move- 
ment, and,  before  long,  indications  of  compression  of  the  cord  are  added 
to  them.  The  "lightning  pains  "  of  tabes  are  sometimes  felt  in  the  trunk, 
and  have  often  been  mistaken  for  neuralgia.  They  are  distinguished  by 
their  changing  seat  and  momentary  duration,  by  the  similar  pains  in  the 
legs,  and  especially  by  diminished  sensibility  over  extensive  areas.  In  most 
cases  there  are  some  pains  in  the  legs  and  the  knee  jerk  is  lost,  but  I  have 
seen  one  case  in  which  the  changes  were  confined  to  the  dorsal  region  of 
the  cord  and  the  knee  jerk  was  normal,  but  in  this,  as  in  other  cases  of  the 
kind,  the  light  reflex  of  the  iris  was  lost,  a  symptom  of  great  indirect  diag- 
nostic importance.     More  constant  in  seat  and  neuralgic  in  character  are 
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the  pains  of  pachymeningitis,  which  are  caused  by  the  compression  of  the 
nerve  roots  by  the  thickened  membranes.  They  are  distinguished  from 
neuralgia  by  the  wide  extent  of  the  pains,  their  bilateral  situation,  by  the 
presence  of  areas  of  anaesthesia  due  to  still  greater  damage  to  the  nerves,  by 
muscular  wasting  in  the  limbs,  and  by  the  symptoms  of  compression  of  the 
cord. 

The  terrible  nerve  pain  which  is  sometimes  produced  by  organic  disease 
of  the  bone  of  the  spinal  column  closely  resembles  neuralgia  in  its  fixity  of 
site  and  unilateral  situation,  but  is  distinguished  by  its  peculiar  dependence 
on  movement  of  the  trunk  (see  p.  187).  Leg  symptoms  are  usually  soon 
associated  with  it.  The  lumbo-abdominal  neuralgia  may  be  confounded 
with  renal  colic.  The  distinction  rests  chiefly  on  the  urinary  symptoms  that 
accompany  the  latter. 

The  sharp  pains  of  tabes  are  more  frequently  felt  in  the  legs  than  in  the 
trunk,  and  these  also  are  often  mistaken  for  neuralgia,  but  the  indications 
already  mentioned  suffice  to  distinguish  them.  The  distinction  of  sciatic 
neuralgia  from  neuritis  must  be  made  by  the  indication  already  given  (see 
also  Sciatica,  p.  103).  Of  still  greater  practical  importance  is  the  distinc- 
tion of  crural  and  sciatic  neuralgia  from  the  pains  due  to  pressure  on  the 
lumbar  and  sacral  plexus  by  tumors  in  the  pelvis  and  abdomen.  Such  pains 
are  felt  along  the  course  of  the  nerves,  and  are  almost  invariably  thought  at 
first  to  be  neuralgic.  Pains  in  the  front  of  the  thigh  are  rare  except  as  the 
result  of  extension  of  neuritis  from  the  sciatic  nerve  to  the  lumbar  plexus, 
or  as  the  result  of  pressure.  In  each  case  there  is  generally  muscular  wasting, 
which  shows  organic  damage.  The  diagnosis  between  neuralgia  in  the  front 
of  the  thigh  and  pain  due  to  a  lesion  of  the  nerves,  is  also  aided  by  the  state 
of  the  knee  jerk,  which  is  generally  early  lost  in  organic  disease,  but  remains 
intact  in  neuralgia.  In  every  case  of  neuralgic  pain  in  this  situation,  the 
abdomen  should  be  carefully  examined,  and  whenever  pain  in  the  sciatic  is 
of  a  progressive  character,  and  apparently  due  to  mischief  above  the  acces- 
sible part  of  the  nerve,  a  rectal  examination  should  be  made,  by  which  the 
source  of  pressure,  if  there  be  any,  will  readily  be  felt.  It  must  also  be 
remembered  that  pain  felt  in  the  knee  may  be  a  reflex  effect  of  the  irritation 
of  the  branches  of  the  obturator  nerve  in  hip-joint  disease,  and  that  obscure 
pains  in  the  groin  and  thighs  are  sometimes  the  result  of  disease  of  the 
femur.* 

The  diagnosis  of  the  spinal  forms  of  neuralgia  need  not  detain  us  long. 
In  the  reflex  or  sympathetic  variety  the  cause  of  the  pain  will  usually  be  dis- 
covered, if  it  is  remembered  that  it  may  be  outside  the  area  in  which  pain 
is  felt.  It  is  rarely  far  distant ;  often  in  another  branch  of  the  same  nerve. 
Pain  in  any  part  of  the  fifth  nerve,  for  instance,  may  be  due  to  the  irritation 
of  a  carious  tooth. 

It  is  possible  to  confound  epileptiform  neuralgia  with  the  form  of  true  epi- 

*  In  one  case  of  intense  stabbing  pains  in  the  groin,  closely  resembling  neuralgia,  the 
cause  was  ultimately  found  to  be  necrosis  of  the  great  trochanter. 
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lepsy  in  which  the  aura  is  a  sudden  pain.  I  have  known,  for  example,  slight 
attacks  of  minor  epilepsy  to  be  preceded  by  a  most  severe  momentary  pain 
in  one  fifth  nerve.  The  occurrence  of  distinct  loss  of  consciousness,  and 
still  more  of  convulsion,  sufficiently  indicate  the  epileptic  nature  of  the  case. 
A  painful  epileptic  aura  in  a  limb,  followed  by  local  convulsion,  could  only 
be  mistaken  for  neuralgia  with  reflex  spasm,  in  a  patient  who  had  never  had 
a  severe  fit.  But  the  course  of  such  an  aura  is  usually  centripetal  and  delib- 
erate, and  the  spasm  has  also  a  deliberate  march. 

Prognosis. — The  prognosis  in  neuralgia  is  influenced  by  the  age  of  the 
patient,  by  the  duration  of  the  affection,  its  situation,  severity,  and  ca,use. 
It  is  far  better  when  the  disease  is  due  to  any  constitutional  condition  than 
when  no  general  cause  can  be  discovered,  since,  as  a  rule,  the  constitutional 
states  that  cause  neuralgia  are  amenable  to  treatment,  at  any  rate  in  such  a 
degree  as  to  influence  the  pain.  .In  hysteria,  however,  some  neuralgias  are 
readily  removed ;  others,  especially  when  there  is  no  anaemia,  are  most 
obstinate.  The  prognosis  is  better  when  there  is  no  hereditary  tendency 
than  when  this  is  marked.  We  do  not  yet  know  whether  the  prognosis  is 
influenced  by  the  fact  that  the  heredity  is  general  or  special.  The  more 
severe  the  pain,  and  the  longer  the  disease  has  lasted,  the  more  difficult  is  its 
treatment.  It  is  generally  believed  that  neuralgias  of  the  fifth  nerve  are 
more  intractable  than  others.  During  the  decline  of  life,  neuralgias  of  all 
kinds,  especially  those  of  the  degenerative  form,  are  peculiarly  obstinate, 
and  in  old  age  they  sometimes  cannot  be  relieved  by  any  treatment  whatever. 
However  severe  the  pain  may  be,  neuralgia  involves  little  danger  to  life  ;  as 
Buzzard  has  well  said,  "the  disease  does  not  seem,  of  itself,  to  shorten  the 
duration  of  the  life  which  it  fills  with  suffering."  Epileptiform  neuralgia  is, 
of  all  forms,  the  most  obstinate ;  Trousseau,  in  his  large  experience,  never 
knew  a  case  to  be  cured.  When  neuralgia  has  once  ceased  it  is  extremely 
prone  to  recur,  and  this  fact,  which  is  true  of  all  varieties,  must  be  remem- 
bered in  giving  an  opinion  regarding  the  future. 

Treatment. — The  treatment  of  neuralgia  consists,  first,  in  the  relief  of 
the  symptom,  pain,  and,  secondly,  in  the  removal  of  its  cause,  i.  e.  in  the 
restoration  of  normal  conditions  of  function  in  the  sensory  apparatus.  The 
means  by  which  these  ends  are  to-be  secured  are  threefold — by  hygiene,  by 
drugs,  given  internally  and  applied  externally,  and  by  certain  surgical  oper- 
ations on  the  nerves.  It  is  evident  that  the  treatment  to  be  adopted  must  be 
influenced,  to  some  extent,  by  the  nature  of  the  case.  When  there  is  dis- 
tinct evidence  of  neuritis,  the  treatment  for  this,  already  described,  must  be 
adopted.  The  treatment  now  to  be  considered  is  that  of  the  "idiopathic" 
form,  but  the  means  for  the  alleviation  of  all  forms  is  nearly  the  same. 

Although  the  relief  of  pain  has  usually  to  be  the  first  actual  step  in  treat- 
ment, the  first  in  importance  is  the  removal  of  the  causes  of  the  disease. 
Any  discoverable  condition  on  which  the  neuralgia  may  depend  must  be 
treated.  The  detailed  measures  that  are  necessary  need  not  here  be  indi- 
cated, since  they  are  sufficiently  suggested  by  the  enumeration  of  the  causes 
and  causal  varieties  already  given.     Especially  should  any  source  of  nerve 
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irritation  be  removed,  whether  in  the  region  of  the  painful  nerve  or  outside 
it.    It  must  be  remembered,  however,  that  it  is  not  certain  that  the  neuralgia 
will  disappear  on  the  removal  of  such  a  source  of  irritation.     This  is  espe- 
cially true  of  neuralgias  of  the  fifth  nerve  and  decayed  teeth.     The  almost 
universal  association  of  neuralgia  with  conditions  of  debility  so  strongly 
insisted  on  by  the  late  Dr.  Anstie,  indicates  the  importance  of  hygienic 
measures  calculated  to  improve  the  general  health ;  fresh  air,  adequate  rest, 
and  nutritious  food  in  full  quantity,  and  a  small  quantity  of  alcohol  at  meals 
is  usually  directly  beneficial.     The  importance  of  a  good  supply  of  animal 
food  should  be  urged,  for  all  but  gouty  subjects.      I  have  known  severe 
neuralgia  to  occur  first  on  the  patient  commencing  a  purely  vegetable  diet, 
to  disappear  when  meat  was  taken,  and  recur  with  severity  at  each  of  four 
successive  attempts  to  return  to  vegetarianism.    Cod-liver  oil,  or  other  easily 
digested  fat,  may  often  be  added  with  advantage.     Iron,  when  there  is  anae- 
mia, will  sometimes  alone  cure  the  disease,   and  even  when  there  is  no 
anaemia  it  seems  occasionally  to  be  beneficial.     Of  nervine  tonics,  quinine 
is  of  most  value  in  true  malarial  forms,  given  in  a  full  dose  shortly  before  a 
periodical  attack  is  due;  but,  as  we  have  seen,  it  is  not  always  successful. 
In  smaller  doses  it  is  occasionally  useful  in  other  forms,  although  not  so  fre- 
quently as  might  be  expected  from  its  marked  influence  on  the  nervous  sys- 
tem.    In  stupefying  doses  it  may  lessen  the  pain  for  a  time,  but  does  not 
often  produce  a  lasting  effect.     It  has  been  thought  to  be  most  useful  in  neu- 
ralgias of  the  first  division  of  the  fifth  nerve.     Nux  vomica  or  strychnine 
often  does  more  good  than  quinine.     In  general,  it  may  be  said  that  when- 
ever the  nervous  system  is  feeble,  as  it  so  frequently  is  in  neuralgia,  nux 
vomica  may  with  advantage  be  added  to  the  other  remedies  that  are  given. 
Zinc   (including  the  phosphide)  is  of  little  value.     Arsenic  is  occasionally 
useful,  especially  in  the  neuralgias  that  have  been  set  up  by  malarial  poi- 
soning, and  in  the  degenerative  variety.     Free  phosphorus  (_-fo  or  ^  grain) 
has  been  strongly  recommended,  but  my  experience  coincides  with  that  of 
most  recent  writers  in  assigning  it  a  very  low  position  in  the  list  of  remedies 
— low  so  far  as  numerical  success  is  concerned,  although  in  rare  cases  its 
influence  is  very  striking.     For  instance,  a  woman  aged  forty-three,  with 
neuralgia  of  the  fifth  nerve  of  thirteen  years'  duration,  at  one  time  asso- 
ciated  with   brachial,  and  afterward  with  crural  neuralgia,  lost  the  pain 
entirely  during  three  months'  treatment  with  phosphorus,  although  when  the 
treatment  was  commenced  about   twelve  severe  paroxysms  occurred  every 
day.     Ammonio-sulphate  of  copper  has  been  recommended  in  cases  of  neu- 
ralgia of  the  fifth  nerve.     It  may  be  given  in  doses  of  -jJg-  or  -^  of  a  grain 
after  food.    In  syphilitic  forms,  dependent  on  actual  nerve  lesions,  iodide  of 
potassium  and  mercury  should,  of  course,  be  given.     Iodide  of  potassium  is 
now  and  then  useful  in  cases  of  neuralgia  that  are  not  due  to  syphilis. 

Of  remedies  that  have  a  sedative  action  on  the  nervous  system,  although 
they  are  not  anodynes,  the  most  important  is  bromide  of  potassium.  It  is 
occasionally  of  service  in  cases  of  idiopathic  neuralgia,  paroxysmal  in  occur- 
rence, although  it  appears  to  have  less  influence  on  sensory  than  on  motor 


TREATMENT.  1161 

nerve  cells.  Its  value  is  greatest  in  irritable,  anxious  subjects.  Chloride  of 
ammonium  has  been  recommended  in  intercostal  neuralgia.  In  the  rheu- 
matic forms,  salicylate  of  soda  has  been  occasionally  found  useful,  especially 
in  facial  neuralgia  and  sciatica,  but  in  the  cases  of  sciatica  which  depend  on 
neuritis  it  has  little  influence. 

Nervine  stimulants  given  at  the  beginning  of  an  attack  occasionally  cut  it 
short,  especially  in  neuralgias  of  the  fifth  nerve.  The  most  effective  are 
sulphuric  ether,  valerian  and  alcohol.  The  use  of  alcohol  to  relieve  pain  is, 
however,. fraught  with  great  danger  to  the  habits  of  the  patient,  and  should 
be  avoided  as  far  as  possible.  Another  nervine  stimulant)  turpentine,  is  an 
old  remedy  for  sciatica,  and  has  been  occasionally  employed  with  cases  of 
ordinary  neuralgia.  Nitro-glycerine  is  sometimes  useful  for  the  same  pur- 
pose, and,  as  a  rule,  it  succeeds  whenever  alcohol  is  effective.  It  is  also 
extremely  valuable  in  many  cases,  given  regularly  three  times  a  day  in  doses 
from  -j-J-jy  to  T\  of  a  grain.  It  is  most  useful,  as  in  migraine,  when  the  face 
gets  pale  at  the  onset  of  an  attack,  but  sometimes  succeeds  when  this  indi- 
cation is  wanting,  although  very  rarely  when  flushing  is  an  early  symptom. 

Anodynes  are  necessarily  very  important  elements  in  the  treatment  of 
neuralgia.  It  is  the  pain  for  which  the  patient  seeks  help  ;  the  cause  of  the 
pain  can  only  be  slowly  influenced,  and  in  the  meantime  the  pain  itself  has 
to  be  relieved.  In  some  cases  relief  is  all  that  can  be  afforded  ;  treatment 
fails  to  prevent  the  recurrence  of  pain,  and  all  that  can  be  done  is  to  lessen 
its  intensity.  But  in  a  large  number  of  cases  of  neuralgia  anodynes  do 
more  than  merely  palliate ;  the  repeated  removal  of  the  pain  tends  to  pre- 
vent its  recurrence.  This  makes  it  probable  that  the  relief  afforded  is  not 
merely  by  an  action  of  the  drug  on  the  general  sensorium,  but  that  it  has  an 
influence  on  the  specific  disturbance  which  gives  rise  to  the  sensation  of  pain. 
The  same  conclusion  is  suggested  by  the  fact  that  most  acute  pain  may  be 
entirely  relieved  by  an  anodyne  which  has  no  apparent  influence  on  the 
general  sensory  functions  of  the  brain. 

No  drug  gives  relief  so  quickly  and  so  surely  as  opium  or  morphia.  The 
hypodermic  injection  of  the  latter  has  to  a  large  extent  replaced  its  admin- 
istration by  the  mouth,  on  account  of  the  rapidity  of  its  action  and  the 
slighter  degree  of  gastric  and  intestinal  disturbance  which  it  causes.  In 
epileptiform  neuralgia  Trousseau  found  no  remedy  comparable  to  opium, 
which  he  gave  in  doses  rapidly  increasing  up  to  300  grains  of  opium  or  60 
grains  of  sulphate  of  morphia  a  day.  Morphia  beneath  the  skin  may  be 
given  in  all  forms  of  neuralgia.  It  is  probable  that  in  most  cases  it  is  better 
to  inject  it  into  the  seat  of  pain,  because  it  can  then  exert  some  influence  on 
the  terminal  nerve  endings,  and,  moreover,  the  injection  has  a  slight  counter- 
irritant  influence.  But  its  chief  action  is  on  the  centre,  and  this  is  exerted 
equally  wherever  the  injection  is  made;  therefore,  if,  for  any  reason,  local 
injection  is  undesirable,  a  distant  convenient  region,  as  the  back  of  the  fore- 
arm, will  answer  almost  as  well. 

The  dose  of  morphia  should  not  at  first  be  large,  one-tenth,  one-eighth  or 
one-sixth  of  a  grain,  according  to  the  severity  of  the  pain.     It  is  unsafe  to 
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commence  with  a  large  quantity;  death  has  in  more  than  one  instance 
resulted  from  an  injection  of  one-fourth  of  a  grain,  and,  still  more  frequently, 
alarming  symptoms  have  been  produced.  It  is  remarkable,  however,  in 
some  cases  of  neuralgia,  how  little  effect  beyond  the  relief  of  the  pain  mor- 
phia produces.  The  addition  of  atropine  (in  amount  about  one-twentieth 
of  the  morphia  used)  will  often  prevent  nausea  and  giddiness  and  increase 
the  influence  of  the  pain.  Caution  should  be  used  to  prevent  the  danger- 
ous "  morphinism,"  most  cases  of  which  have  been  set  up  by  the  use  of  this 
drug  for  the  relief  of  neuralgia.  The  hypodermic  syringe  should  never  be 
placed  in  the  hands  of  the  patient.  In  cocain,  however,  we  have  an  agent 
that  can  often  replace  morphia.  A  local  injection  of  from  half  a  grain  to  a 
grain  often  gives  great  relief  to  the  pain,  apparently  by  arresting  all  impres- 
sions from  the  periphery,  which,  as  we  have  s^en  (p.  1140),  may  have  a  great 
influence  in  keeping  up  the  morbid  state  of  the  centre,  even  in  cases  in 
which  there  is  no  peripheral  irritation,  and  still  more  when  there  is.  It  has 
little  or  no  central  influence,  and  has,  therefore,  less  permanent  effect  than 
morphia.  Repeated  injection  may,  however,  lead  to  recovery,  if  there  is 
peripheral  irritation,  or  a  spontaneous  tendency  to  the  subsidence  of  the 
morbid  process  in  the  centre. 

Belladonna  may  be  given  by  the  mouth  (one-sixth  to  one-third  of  a  grain 
of  the  extract)  or  atropine  by  the  skin  (tJtt  to  A  of  a  grain).  Occasionally 
these  give  marked  relief  to  the  pain,  and  when  this  is  the  case  they  are  said  to 
produce  a  more  permanent  effect  than  morphia  (Hunter,  Anstie,  Vanlair). 
The  unpleasant  dryness  of  the  throat  which  is  produced  by  full  doses  some- 
times constitutes  a  difficulty  in  the  use  of  these  drugs.  It  is  often  convenient 
to  alternate  injections  of  atropine  with  those  of  morphia  in  cases  in  which 
there  is  danger  of  the  establishment  of  the  morphia  habit. 

Aconite  and  gelsemium  are  said  to  have  a  special  action  on  the  fifth 
nerve,  and  are  frequently  useful  in  trigeminal  neuralgias.  Aconite  is  the 
more  powerful  of  the  two,  but  often  causes  nausea  and  unpleasant  symptoms. 
In  slight  cases,  especially  those  which  depend  on  dental  caries,  gelsemium  is 
often  useful;  fifteen  minims  of  the  tincture  maybe  frequently  repeated. 
Aconitia  may  also  be  given  in  doses  of  ^  to  TJ5  of  a  grain,  but  it  is  a 
somewhat  dangerous  remedy  to  employ  hypodermically.  The  alkaloid  of 
gelsemium  (gelsemia),  will  also  be  found  useful  for  subcutaneous  use ;  the 
dose  is  nV  to  ^V  of  a  grain.  Cimicifuga  is  often  very  useful  for  neuralgia 
associated  with  rheumatism,  either  alone  or  combined  with  Indian  hemp. 
In  gouty  subjects,  lithia  may  also  be  given  with  advantage  combined  with 
cimicifuga. 

Indian  hemp  is  another  remedy  of  great  value  in  certain  forms  of  neuralgia, 
especially  those  in  which  the  pains  are  sudden,  brief  and  sharp,  without  the 
violence  which  marks  true  epileptiform  neuralgia.  It  is  often  very  useful 
continuously  administered  between  the  intervals;  a  quarter  to  half  or  even 
one  grain  three  times  a  day.  Piscidia  erythrina  has  been  recommended 
when  pain  is  not  severe  ;  in  moderate  doses  (jss  of  the  liquid  extract)  it 
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leaves  no  unpleasant  after-effects.  Chloral  has  little  influence  over  pain,  but 
croton-chloral  (butyl-chloral)  is  sometimes  useful,  especially  in  neuralgias  of 
the  fifth.  It  is  usually  given  in  doses  of  five  grains,  but,  as  Ringer  and  others 
have  shown,  the  dose  may  often  be  increased  (up  to  twenty  grains)  with 
advantage.  Combinations  of  nerve  tonics  and  sedatives  are  generally 
necessary,  but  as  the  sedative  has  to  be  continuously  given,  its  dose  must,  of 
course,  be  moderate.  I  have  found,  for  instance,  in  neuralgia  of  the  fifth, 
the  combination  of  arsenic,  quinine  and  Indian  hemp  of  great  service. 

Neuralgic  pain  is  often  relieved  by  local  treatment,  which  is,  for  the 
most  part,  of  two  kinds,  irritant  and  sedative;  and  some  remedies  combine 
the  two.  Counter-irritation  sometimes  gives  great  relief  to  neuralgia,  but 
the  mode  in  which  it  acts  is  uncertain.  Hypothetically,  it  acts  through  the 
vessels,  but  this  influence  is  more  intelligible  in  neuritis  than  in  neuralgia. 
It  may  also  exert  an  inhibitory  influence,  or  may  change  the  mode  of  action 
of  the  nerve  centre;  just  as  a  blister  around  the  limb  will  stop  the  aura  of 
epilepsy.  Either  blisters,  or  sinapisms,  or  the  actual  cautery  may  be 
employed.  Flying  blisters  may  be  applied  over  the  tender  spots,  or  by  the 
side  of  the  spine.  Anstie  believed  that  the  latter  yield  the  best  results. 
Chloroform  has  been  injected  beneath  the  skin,  fifteen  or  thirty  minims,  but, 
although  it  often  gives  some  relief,  it  may  cause  a  troublesome  slough.  In 
trigeminal  neuralgia  the  blister  may  be  applied  beneath  the  occiput  or  behind 
the  ear.  The  actual  cautery  is  o£  most  service  in  spinal  neuralgias.  The 
gas  cautery,  or  galvanic  wire,  or  thermic  hammer  is  the  form  generally 
used.  The  local  injection  of  carbolic  acid  or  of  osmic  acid  has  lately  been 
recommended  ;  they  have  been  employed  chiefly  in  trigeminal  neuralgia  and 
in  sciatica.*  One  or  two  drops  of  a  one  per  cent,  solution  of  osmic  acid 
(in  water  and  glycerine)  have  been  injected  at  a  time.  It  is  said  to  give 
immediate  relief  to  the  pain  ;  some  cases  are  reported  as  being  cured  after 
about  a  dozen  injections.  It  does  not  appear  to  be  entirely  free  from  dan- 
ger; Jacoby  observed  palsy  of  the  radial  nerve  to  follow  an  injection  into 
the  arm,  as  it  occasionally  follows  an  injection  of  ether. 

Acupuncture,  the  introduction  of  needles  into  the  painful  part,  is  a 
method  introduced  from  China  and  Japan,  the  value  of  which  is  not  great. 
If,  as  in  the  East,  the  needles  are  left  in  for  some  hours  or  a  day,  they  cause 
much  pain.  Aquapuncture  has  also  been  employed;  it  consists  in  the  injec- 
tion of  pure  water  into  or  beneath  the  skin.  Originally,  it  was  introduced 
into  the  skin,  or  between  the  true  skin  and  the  epidermis,  under  considerable 
pressure,  so  as  to  force  the  water  to  separate  the  tissues  and  make  spaces  for 
itself.  This  method  gives  much  pain  and  does  little  good.  The  injection 
of  water  beneath  the  skin  is  innocuous  and  occasionally  relieves  a  slight  pain. 

Of  external  applications  that  are  at  once  irritant  and  sedative  chloroform 
is  the  most  important,  pure,  or  as  the  Linimentum  Chloroformi  (B.P.),  or  a 
dilution  of  one  part  of  chloroform  to  six  of  Lin.  Saponis.     Next  in  value 

*Merces,  Lancet,  188J,  No.  2;  Jacoby,  Trans.  Am.  Neurolog.  Ass.,  1885,  p.  11  ;  Scha- 
piro,  Petersburg  Med.  Wochenschrift,  1885. 


1164  NEURALGIA. 

are  the  ointments  of  veratria  and  aconitia.  They  should  be  rubbed  in  until 
tingling  is  produced,  followed  by  numbness.  The  milder  tincture  of  aconite 
may  also  be  painted  on  the  part  two  or  three  times  a  day,  avoiding  any  sores. 
Camphor-chloral  (camphor  and  chloral  rubbed  up  together  in  equal  parts, 
so  as  to  liquefy)  may  also  be  applied  on  lint  covered  with  oil  silk.  Both  this 
and  chloral  will  blister  if  left  on  too  long.  Menthol  is  also  a  useful  applica- 
tion to  the  skin  in  the  slighter  forms  of  neuralgia.  It  causes  a  singular 
sensation  of  tingling  and  coldness,  and  for  the  time  lessens  the  pain.  It 
may  be  employed  pure  in  the  solid  form,  or  rubbed  up  with  chloral,  or  with 
spirit  or  glycerine.  Preparations  of  opium  (usually  oleate  of  morphia)  are 
of  very  little  value  as  external  applications.  Belladonna  is  of  greater  service  if 
employed  sufficiently  strong;  the  extract,  diluted  with  one,  two  or  three 
parts  of  glycerine  or  vaseline,  may  be  smeared  over  the  skin  two  or  three 
times  a  day.  The  oleate  of  atropia  (five  per  cent,  solution  in  oil)  may  be 
used  in  the  same  way.  Lanoline  has  been  lately  introduced  as  a  better 
vehicle  for  external  sedatives.  These  local  applications  apparently  act  by 
lessening  the  ordinary  stimuli  which  pass  along  the  nerves  to  the  centre,  and 
some  of  these  agents  substitute  for  the  ordinary  stimulation  a  different  form, 
which  apparently  lessens  instead  of  increasing  the  morbid  action  of  the  centre. 

Among  external  applications  that  of  simple  cold  or  warmth  should  be 
mentioned.  Each  occasionally  gives  temporary  relief  if  applied  corttinu- 
ously  to  the  seat  of  the  pain.  In  most  cases  heat  is  the  safer  and  more 
effectual.  Considerable  heat  is  often  little  felt  at  the  focus  of  most  intense 
pain.  If  there  is  the  least  suspicion  of  active  neuritis  heat  must  be  applied 
to  the  distribution  of  the  nerve  with  extreme  caution,  or  disastrous  conse- 
quences may  ensue  (see  p.  72),  A  warm  douche  through  the  nose  has  been 
strongly  recommended  by  Seeligmiiller  in  cases  of  supra-orbital  pain,  sup- 
posed to  be  produced  in  the  frontal  sinuses,  even  when  of  malarial  origin. 
Ether  spray  to  the  spine  has  also  been  recommended  in  various  forms  of 
neuralgia.  Cold  to  the  painful  part  is  rarely  useful,  except  in  the  case  of 
neuralgia  of  the  testes,  where  refrigeration  can  be  more  completely  effected 
than  elsewhere. 

Electricity,  properly  employed,  is  an  agent  of  considerable  value  in  the 
treatment  of  neuralgia.  It  may  be  used  in  two  ways:  (1)  A  strong  cur- 
rent, causing,  for  the' time,  considerable  pain,  will  occasionally  remove  the 
neuralgia  at  once,  no  doubt  by  altering  the  form  of  central  action,  just  as 
does  a  counter-irritant.  The  effect  is  probably  only  produced  in  cases  of 
idiopathic  neuralgia  of  slight  degree.  In  some  cases  of  this  class,  and  inva- 
riably in  neuritis,  a  strong  application  renders  the  pain  worse,  and  the  risk 
of  this  effect  must  be  borne  in  mind.  The  forms  in  which  it  is  most  likely 
to  be  successful  are  recent  cases  of  hysterical  neuralgia,  especially  when  the 
pain  is  seated  in  the  joints.  To  produce  this  energeting  effect  either  farada- 
ism  or  voltaism  may  be  used.  (2)  A  weak  current  may  be  used  for  its  seda- 
tive action  on  the  nerves.  Either  form  of  electricity  may  be  employed,  but 
the  action  of  the  two  is  essentially  different.  The  voltaic  current  is  the 
most  frequently  useful.     Authorities  are  divided  on  the  best  method   of 
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applying  it,  but  the  majority  are  of  opinion  (and  with  this  my  own  experi- 
ence agrees),  that  it  is  best  to  neglect  the  direction  of  the  current,  and  to 
place  the  positive  pole  near  the  seat  of  the  pain,  and  the  negative  in  some 
indifferent  situation.  If  there  is  reason  to  believe  that  the  neuralgia  is  cen- 
tral, the  positive  pole  may  be  placed,  during  part  of  the  application,  as 
near  as  may  be  to  the  central  termination  of  the  nerve,  and,  for  another 
part  of  the  time,  on  the  seat  of  the  pain.  The  strength  should  be  from 
two  to  five  milliamperes,  but  if  the  battery  is  not  provided  with  a  .galva- 
nometer, the  number  of  cells  must  be  regulated  according  to  its  effect  on 
the  sensory  nerves,  so  as  to  cause  a  slight  tingling  or  burning  sensation,  not 
actual  pain.  The  number  of  cells  to  be  used  will  vary  in  different  parts, 
chiefly  in  consequence  of  the  varying  sensibility  and  resistance  of  the  skin. 
The  patient's  sensations  are,  indeed,  often  the  best  guide.  For  the  face, 
three,  and  elsewhere,  five  cells  may  be  employed  to  begin  with,  and  the 
current  gradually  increases  until  it  can  just  be  felt.  All  sudden  variations 
in  strength  should  be  avoided.  A  well-wetted  sponge  should  be  employed 
as  the  electrode,  and  this  should  be  very  gently  and  gradually  applied,  and 
very  gently  removed  when  the  strength  is  altered.  If  the  faradaic  current 
is  employed  as  a  sedative,  it  must  be  extremely  weak  (so  as  to  be  just  felt, 
but  to  occasion  no  pain),  and  rapidly  interrupted.  The  rapidly  recurring 
slight  stimulation  of  the  nerves  produces  after  a  time  a  sedative  effect,  at 
first  slightly  increasing,  but  after  a  few  minutes  distinctly  relieving,  the  pain. 
Its  action  is  analogous  to,  and  quite  as  effectual  as,  the  mechanical  percus- 
sors  recently  introduced. 

The  surgical  treatment  of  neuralgia  comprehends  the  division,  excision, 
and  stretching  of  nerves,  and  the  ligature  of  arteries.  It  is  a  very  large 
subject,  and  for  detailed  particulars  the  reader  is  referred  to  works  on  sur- 
gery. Neurotomy  has  been  frequently  adopted  in  cases  of  severe,  old- 
standing  neuralgia,  especially  in  the  branches  of  the  fifth  nerve.  Some- 
times it  is  successful,  more  often  it  fails.  Temporary  relief  may  be  given, 
and  may  continue  for  some  months,  but  is  too  often  succeeded  by  a  return 
of  the  pain  in  all  its  old  severity.  This  has  been  ascribed  to  the  union  of 
the  divided  ends,  and  to  prevent  this  the  excision  of  a  certain  length  of  the 
nerve,  or  the  deviation  of  the  extremities  has  been  recommended.  In  cases 
of  neuralgia  of  the  second  division  of  the  fifth,  the  excision  of  Meckel's 
ganglion  has  sometimes  given  better  results  than  simple  division  of  the 
nerve.*  It  is  probable,  however,  that  the  transient  relief  is  often  due  to 
the  influence  of  the  surgical  irritation  on  tfre  centre,  which  soon  passes  off.f 
In  central  neuralgia,  or  organic  lesions  high  up  the  nerve  (as,  for  instance, 
in  the  post-herpetic  form),  the  operation  usually  fails.     It  is  only  to  be 


*  See  a  paper  by  Dr.  Chavasse,  of  Birmingham  (Royal  Medical  and  Chirurgical  Society, 
meeting  of  Feb.  20th,  1884,  and  discussion  thereon). 

f  Neuralgia  will  sometimes  disappear  for  a  time  under  strong  mental  influence.  Le  Fort, 
for  instance,  mentions  that  a  most  obstinate  lingual  neuralgia  ceased  during  the  siege  of 
Paris,  and  returned  when  the  anxious  time  was  over. 
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thought  of  in  cases  in  which  other  means  have  been  fairly  tried  without 
success,  and  in  which  all  the  branches  to  which  the  pain  is  referred  can  be 
divided  ;  it  is  said  that  the  operation  is  more  likely  to  be  successful  if  pres- 
sure on  the  nerve  -relieves  the  pain.  The  operation  is  inadmissible  if  the 
nerve  is  one  paralysis  of  which  involves  grave  consequences,  as,  for  instance, 
in  the  case  of  the  sciatic,  division  of  which  causes  permanent  palsy  and 
atrophy  of  a  large  part  of  the  leg.  These  consequences  might  be  deliber- 
ately chosen  if  it  were  certain  that  the  pain  would  be  exchanged  for  them, 
but,  unfortunately,  relief  is  too  uncertain  to  make  it  justifiable  to  run  the  risk 
of  adding  physical  disability  to  undiminished  suffering.  The  same  con- 
sideration (and  the  fact  that  it  can  do  no  more  than  neurotomy)  precludes 
amputation,  except,  perhaps,  in  rare  cases  in  which  the  pain  starts  from  the 
extremity  of  a  finger  or  toe,  and  local  tenderness,  etc.,  make  it  probable 
that  a  cause  of  nerve  irritation  exists.* 

Fortunately,  in  nerve  stretching  we  have  an  operation  which  produces 
some  of  the  effects  of  neurotomy,  arresting  for  a  time  the  conducting  func- 
tion, and  effecting  what  maybe  called  an  alterative  stimulation  of  the  nerve. 
Its  influence  is  less  lasting,  but  so  are  also  its  inconvenient  effects,  and,  as  it 
is  sometimes  successful,  it  should  generally  precede  division  of  the  nerve. 
It  has  been  recommended  that  strong  traction  should  be  made  on  the  cen- 
tral end,  but  it  is  doubtful  whether  this  has  much  influence,  and,  in  the  case 
of  the  fifth  nerve,  it  is  somewhat  perilous. f  Recent  literature  abounds  with 
records  of  cases  of  apparent  cure  from  nerve  stretching,  even  when  the 
neuralgia  seemed  to  be  central.  For  instance,  a  severe  intercostal  neuralgia 
for  twenty  years'  duration  is  said  to  have  been  cured  by  stretching  the  termi- 
nal branches  of  two  or  three  of  the  nerves.J  Intensely  severe  neuralgia  of 
the  third  division  of  the  fifth — the  pain  being  in  the  ear,  temple,  lower  jaw, 
and  tongue — of  five  years'  duration,  is  said  to  have  been  cured  by  a  single 
stretching  of  the  lingual  nerve  in  the  tongue. §  In  this  and  many  other 
cases  the  pain  did  not  immediately  cease,  but  gradually  subsided  in  the 
course  of  one  or  two  weeks.  In  some  rare  cases,  in  which  the  sheath  of  an 
accessible  nerve  can  be  felt  to  be  greatly  thickened,  the  nerve  has  been 
exposed,  the  sheath  opened  carefully,  and  the  nerve  for  some  distance  sepa- 
rated from  it.  This  operation  has  been  successful  in  arresting  the  pain, 
especially  in  traumatic  cases.  || 


*  It  has  been  proposed  to  tear  the  nerve  in  two,  by  making  traction  on  the  central  por- 
tion.  The  alleged  advantage  is  that  the  nerve  separates  nearer  the  centre  than  it  can  be 
divided.  But  it  always  tears  within  a  centimetre  of  the  place  where  it  is  seized  ;  the 
advantage  is  probably  imaginary,  and  the  method  is  not  without  danger  (see  a  discussion  at 
the  Parish  Socieie  de  Chirurgie,  Dec.  6th,  1882). 

f  There  is  evidence  that  too  vigorous  stretching  of  the  second  division  of  the  fifth  nerve 
has  caused  destructive  inflammation  of  the  eyeball,  probably  by  the  mechanism  of  inflamma- 
tion of  the  Gasserian  ganglion  (Nicaise  and  Tillaux,  Soc.  Clin,  de  Paris,  March  9th,  1882). 

J  Nussbaum,  Aerzt.  Int.-bL,  1878,  No.  53. 

\  Le  Dentu,  V Un.  M4d.,  188 r,  vol.  ii,p.  766. 

||  An  instance  is  recorded  by  Le  Fort  "Soc.  de  Chir.,"  July  26th,  1882,  in  which  the 
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Ligature  of  arteries  has  been  confined  to  that  of  the  carotid,  as  a  last 
resort  in  cases  of  neuralgia  of  the  fifth  nerve.  All  that  can  be  said  to  justify- 
so  dangerous  an  operation  is  that  it  has  sometimes,  but  very  rarely,  been 
successful.  Compression  of  the  carotid  occasionally  cuts  short  an  attack  of 
pain,  and  the  repetition  of  this  treatment,  continued  for  a  long  time,  has 
even  produced  permanent  alleviation. 

An  attempt  to  estimate  the  true  position  of  the  surgical  treatment  of 
neuralgia  is  unfortunately  beset  with  almost  insurmountable  difficulties,  due 
to  the  fact  that  after  many  operations  the  pain  has  ceased,  or  been  much 
lessened,  for  a  time,  but"  has  afterward  returned,  and  the  cases  have  been 
published  before  sufficient  time  has  elapsed  to  permit  an  opinion  to  be 
formed  of  the  permanence  of  the  effect.  Moreover,  the  numerous  cases  in 
which  there  has  not  been  even  temporary  relief  are  seldom  published.  In 
some  instances,  operation  after  operation  has  been  submitted  to  by  the 
patient  under  the  urgent  compulsion  of  continued  suffering,  and  the  records 
of  many  cases  illustrate  very  strikingly  the  need  for  caution  in  drawing  any 
inferences  from  transient  relief.* 

VISCERAL  NEURALGIAS. 
The  internal  viscera  of  the  thorax  and  abdomen  are  sometimes  the  seat  of 
neuralgic  pain.  Such  neuralgias  are  described  in  full  in  the  works  that  deal 
with  the  diseases  of  these  organs,  and  this  arrangement  is  convenient,  since 
the  principles  of  diagnosis  involve  a  differential  discussion  of  the  symptoms 
of  organic  diseases  of  these  organs  which  would  be  out  of  place  in   the 

median  was  surrounded  by  a  dense  sheath  of  connective  tissue,  due  to  inflammation  produced 
by  a  gunshot  wound. 

*  The  following  cases  are  illustrations  of  this.  In  one  instance,  a  man,  at  the  age  of 
forty-five,  had  his  first  attack  of  neuralgia  in  the  third  division  of  the  fifth  nerve.  Four 
teeth  were  extracted  from  the  lower  jaw  and  then  one  from  the  upper,  and,  as  the  pain 
ceased  for  three  weeks,  the  case  was  published  as  cured.  The  pain  returning,  resection  of 
the  alveolar  process  was  performed ;  the  pain  ceased  for  five  months,  and  the  case  was  again 
published  as  cured.  After  a  relapse,  the  inferior  alveolar  nerve  was  excised,  and  freedom 
for  some  time  was  followed  by  a  return,  for  which  the  carotid  artery  was  tied,  but  the  effect 
of  even  this  was  not  permanent  (J.  C.  Hutchinson,  Am.  Med.  News,  18S5,  p.  395).  The 
same  author  relates  a  case  of  neuralgia  of  the  fifth,  in  which  the  following  operations  were 
performed  without  success : — an  incision  through  the  skin  above  the  ear,  division  of  the 
supra-orbital  and  infra-orbital  nerves,  excision  of  half  an  inch  of  the  supra-orbital,  ligature  of 
the  carotid,  destruction  of  the  nerve  in  the  infra-orbital  canal.  In  a  case,  recorded  by 
Schupper,  of  neuralgia  of  the  fifth  with  reflex  spasm  in  the  face,  the  first  procedure  was 
scarification  of  the  outer  and  inner  surfaces  of  the  upper  jaw;  this  failing,  the  surgeon 
excised  the  infra-orbital  nerve ;  this  likewise  failing,  he  excised  the  superior  maxillary  nerve 
in  the  spheno-maxillary  fossa;  there  being  no  relief,  he  removed  the  peripheral  segment  of 
the  same  nerve  from  the  base  of  the  orbit.  The  pain  then  migrated  to  the  third  division  of 
the  fifth:  the  inferior  maxillary  nerve  was  therefore  excised.  An  interval  of  freedom  was 
followed  by  a  return  of  the  pain,  and  the  common  carotid  was  tied.  The  pain  continuing, 
the  facial  nerve  was  divided,  and  on  account  of  severe  hemorrhage,  the  external  carotid  and 
temporal  arteries  were  tied,  and  the  patient  is  said,  at  last,  to  have  been  "  cured." 
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present  work.  A  brief  outline  of  the  general  facts  may,  however,  be  given 
here. 

Most  of  the  organs  in  which  these  neuralgias  are  felt  receive  their  chief 
nervous  supply  from  the  sympathetic  system.  Little  sensation  attends  their 
normal  function.  Although  it  cannot  be  doubted  that  afferent  impressions 
are  constantly  passing  to  the  cerebro-spinal  centres,  these  fail  to  affect  con- 
sciousness under  normal  circumstances.  But  repeated  attention  may  vastly 
increase  the  sensitiveness  of  the  perceptive  centres  to  such  impressions,  and 
from  such  increase  arises  a  large  amount  of  the  discomfort  of  those  patients 
who  are  termed  "  hypochondriacs  " — correctly,  in  so  far  as  the  organs  which 
lie  below  the  rib-cartilages  disturb  their  conscious  life.  But  the  sensation 
from  the  viscera  may  also  amount  to  actual  pain,  in  consequence  of  the 
afferent  impressions  being  abnormal,  owing  to  organic  disease  and  varied 
functional  disturbance.  Pain  may  also  be  felt  apart  from  either  of  these 
causes,  and  such  pain  is  called  "visceral  neuralgia."  Often  we  cannot 
tell  to  what  extent  it  is  .the  result  of  a  local  abnormal  condition  of  the 
nerves  of  the  organs,  and  how  far  it  is  central.  It  is  probably  local  in 
causation  to  a  larger  extent  than  in  the  case  of  the  cerebro-spinal  forms  of 
neuralgia,  but  the  same  general  pathological  laws  doubtless  underlie  the  two. 
The  difficulty  of  investigation  depends  not  only  on  the  fact  that  the  organs 
are  concealed  from  direct  examination,  but  also  on  the  circumstance  that 
they  receive  their  innervation  from  two  sources,  from  the  sympathetic,  and 
from  the  cerebro-spinal  centre  by  the  pneumogastric  and  spinal  branches, 
and  we  do  not  know  what  share  these  sets  of  nerves  respectively  take  in  the 
production  of  visceral  pain.  There  is,  moreover,  reason  to  believe  that  not 
only  the  nerves  in  the  viscera  but  also  the  nervous  plexuses  outside  them 
may  be  the  seat  of  neuralgia.  The  difficulties  of  investigation  are  greatly 
increased  by  the  fact  that  pain  may  be  the  only  symptom  of  organic  and  of 
functional  disease,  and  it  is  certain  that  many  examples  of  such  disease  have 
been  included  among  the  visceral  neuralgias  by  some  writers  on  the  subject. 

Most  forms  of  visceral  neuralgia  are  more  frequent  in  females  than  in 
males,  and  may  be  produced  by  the  same  inherited  tendency  that  causes 
the  cerebro-spinal  forms.  Their  general  causes  are  also,  for  the  most  part, 
similar.  In  women,  anaemia  and  hysteria  are  especially  prominent.  They 
may  also  result  from  causes  that  have  a  local  action,  and  this  fact  adds  not  a 
little  to  the  obscurity  of  their  diagnosis.  The  essential  symptom  is  pain, 
which  varies  greatly  in  character,  sometimes  dull  and  diffuse,  sometimes 
sharp,  circumscribed,  lancinating  or  burning.  It  usually  presents  parox- 
ysmal exacerbations,  and  is  sometimes  actually  intermitting.  I  have  known 
paroxysms  of  gastric  pain  to  alternate  with  headache.  The  exacerbations 
may  be  apparently  spontaneous,  or  may  be  produced  by  various  stimuli, 
especially  by  those  concerned  in  the  functional  activity  of  the  organ.  We 
ought  not,  however,  tojnclude  among  the  neuralgias  (as  some  have  done), 
cases  in  which  pain  is  confined  to  periods  of  functional  activity.  It  is 
doubtful  whether,  in  such  cases,  the  affection  is  ever  a  pure  neuralgia. 

The  diagnosis  of  visceral  neuralgias  is  as  difficult  as  it  is  important.    Pain 
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is  the  common,  and  may  be  the  only,  expression  of  various  and  very  differ- 
ent maladies.  The  first  and  chief  element  in  diagnosis  is  the  exclusion  of 
organic  disease,  by  every  method  of  investigation  that  can  be  made  availr 
able.  If  functional  disturbance  exists,  the  affection  can  only  be  regarded  as 
neuralgic  when  the  pain  is  not  related  to  the  disturbance  of  function  either 
in  time  or  in  degree. 

The  treatment  of  visceral  neuralgias  must  be  based  on  the  same  general 
principles  as  that  of  the  cerebro-spinal  forms.  It  consists  in  the  removal  of 
causes,  general  tonic  treatment,  abundant  rest,  and  the  use  of  sedatives. 
The  mode  of  employment  of  the  latter  differs  in  each  case,  and  in  each, 
also,  special  measures  are  necessary,  related  to  the  function  of  the  organ 
concerned. 

Special  Forms. — Of  the  intra-thoracic  organs,  the  lungs  do  not  appear 
to  be  the  seat  of  neuralgia,  although  the  pain  of"  pleurodynia,"  already 
described,  is  probably  due  to  an  affection  of  the  pleural  nerves.  The  only 
important  cardiac  affection  of  this  class  is  the  disease  known  as  "angina 
pectoris."  Severe  nerve  pain  is  a  prominent  symptom  of  the  disorder,  but 
its  peculiar  and  special  characters  and  associations  prevent  its  inclusion 
among  the  forms  of  pure  neuralgia. 

The  most  important  visceral  neuralgias  are  those  of  the  abdominal  organs. 
They  are  usually  local  and  well  defined,  but  occasionally  abdominal  neuralgic 
pain  varies  in  its  seat,  and  is  felt  now  on  one  side,  now  on  another.  That 
of  the  stomach  (gastralgia,  gastrodynid)  is  one  of  the  best-marked  forms. 
It  is  frequent  in  anaemia  and  hysteria,  and  a  special  form  constitutes  the  gas- 
tric crises  of  ataxy.  The  pain  is  felt  at  the  epigastric  region,  and,  like  most 
gastric  pains,  passes  through  to  the  back.  Pressure  does  not  usually  increase 
it,  often,  indeed,  it  relieves  the  more  intense  suffering.  There  is  usually  a 
constant  dull  pain,  with  more  acute  exacerbations.  It  may  be  most  intense 
when  the  stomach  is  empty,  and  may  be  relieved  by  food  ;  it  is  then  possi- 
bly due  to  the  morbid  action  of  the  nerves  or  centres  from  which,  in  health, 
the  sensation  of  hunger  arises.  Or  the  pain  may  be  increased  by  food,  and 
in  such  cases  food  is  often  vomited  as  soon  as  it  is  taken.  Appetite  may  be 
absent,  lessened,  increased  or  perverted.  The  relation  of  the  condition  of 
appetite  to  the  effect  of  food  in  relieving  or  increasing  the  pain  deserves 
further  study. 

The  stomach  is  readily  influenced  by  sedatives,  and  their  administration 
by  the  mouth  forms  an  important  part  of  the  treatment.  Other  agents  are 
sometimes  useful.  In  the  form  that  is  relieved  by  food,  oxide  of  silver  is 
often  of  great  service.  When  there  is  anaemia,  the  combination  of  subcar- 
bonate  of  bismuth  and  saccharated  carbonate  of  iron,  given  before  food,  is 
frequently  effective.  No  sedative,  however,  is  on  the  whole  so  useful  as 
cocain,  of  which  a  grain  may  be  given  when  the  pain  comes  on.  By 
repeatedly  relieving  the  pain  in  this  manner,  the  disease  is  often  cured, 
apparently  by  the  rest  thus  given  to  the  nerves  of  the  mucous  membrane. 

The  frequency  of  intestinal  neuralgia  (enteralgia)  has  probably  been  exag- 
gerated.    We  are  not  justified  in  regarding  as  enteralgia  either  vague  abdom- 
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inal  pains,  which  are  not  increased  by  peristaltic  action,  or  pain  that  occurs 
only  when  the  intestines  are  in  energetic  action,  or  in  which  there  is  conspicu- 
ous disturbance  of  the  mucous  membrane.  If  these  are  excluded,  the  cases  of 
enteralgia  become  extremely  rare,  and  the  history  of  the  affection  has  yet  to 
be  worked  out.  There  is,  however,  one  part  of  the  intestine  which,  is, 
undoubtedly,  the  seat  of  neuralgic  pain — the  lower  part  of  the  rectum. 
This  form  occurs  in  both  sexes,  as  a  deeply- seated  pain  above  the 
anus  and  coccyx,  more  or  less  constant,  but  with  severe  exacerbations, 
apparently  due  to  spasm.  It  is  usually  effectually  relieved  by  suppositories. 
In  some  cases,  indeed,  it  is  probably  a  primary  spasm,  and  I  have  known  it 
produced  in  a  child  by  the  use  of  senna  as  an  aperient. 

Of  neuralgia  of  the  liver,  hepatalgia,  much  the  same  may  be  said  as  of 
enteralgia.  Deep-seated  pain  is  occasionally  felt  in  the  position  of  the 
organ,  sometimes  diffuse  and  dull,  sometimes  sharp  and  lancinating,  but  the 
cases  in  which  we  can  be  sure  that  it  is  truly  neuralgic  are  extremely  few.  In 
some  cases  such  pain  may  be  due  to  disturbed  function  of  the  organ.  Dis- 
turbance of  function  has  been  regarded  by  some  writers  as  a  consequence 
of  neuralgia.  It  cannot  be  denied  that  such  nerve  pain  may  cause  such 
reflex  derangement  of  function,  just  as  it  causes  vasomotor  disturbance  in 
other  situations.  But  the  frequency  with  which  pain  is  the  first  evidence  of 
disease  outside  the  nervous  system,  which  afterward  causes  other  symptoms, 
renders  it  necessary  to  exercise  great  caution  in  regarding  such  cases  as  pri- 
marily neuralgic. 

The  existence  of  neuralgia  of  the  spleen  is  not  well  established,  but  occa- 
sionally, especially  in  cases  of  hysteria,  there  is  deeply-seated  pain  and  ten- 
derness in  the  position  of  the  organ,  apparently  situated  in  it  or  in  the  nerve 
plexuses  in  its  vicinity. 

The  kidney,  and  apparently  the  ureter,  may  be  in  rare  cases  the  seat  of  the 
neuralgic  crises  of  tabes,  analogous  to  the  more  frequent  gastric  crises,  but 
the  occurrence  of  primary  nephralgia  is  a  still  more  rare  event,  and  can 
hardly  be  regarded  as  proved.  Many  cases  of  supposed  renal  neuralgia  have 
certainly  been  due  to  the  passage  of  a  calculus.  I  have,  however,  met  with 
one  case  in  which  paroxysms  of  pain  in  the  renal  region  had  occurred  at 
times  during  forty  years  without  any  indication  of  a  calculus,  and  it  seemed 
on  the  whole  probable  that  the  pain  was  of  nervous  origin. 

Neuralgic  pain  which  cannot  be  referred  to  any  organ  is  sometimes  felt 
within  the  abdomen.  Such  pain  is  diffuse,  varies  in  intensity,  is  not  increased 
by  pressure,  and  is  not  related  in  time  to  the  functional  activity  of  the  organs, 
or  in  degree  to  their  disturbance.  It  is  generally  central  in  position,  but 
may  be  felt  above  or  below  the  umbilicus,  apparently  seated  in  the  sympa- 
thetic nerves,  but  has  not  such  a  relation  to  their  plexuses  as  to  permit  definite 
localization. 

The  female  generative  organs  are  frequent  seats  of  pain  and  tenderness. 
Tenderness  in  the  region  of  the  ovaries  is  extremely  common  in  hysteria 
and  conditions  of  nervous  weakness;  sometimes  there  is  much  spontaneous 
pain  in  this  situation,  deeply  seated  and  aching  or  burning  in  character. 
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This  pain  may  exist  when  no  evidence  of  organic  change  in  the  ovary  can 
be  detected,  and  appears  then  to  be  a  pure  neuralgia ;  but  in  most  cases  the 
tenderness  is  extensive,  and  exists  in  the  vicinity  of  the  ovary  as  well  as  in 
the  organ  itself,  so  that  it  is  probably  due,  at  least  in  part,  to  the  abundant 
nerve  plexuses  with  which  the  ovary  is  surrounded.  The  uterus  is  also  the 
seat  of  spontaneous  pain  and  of  tenderness,  apart  from  organic  disease  or  of 
displacement.  These  symptoms  may  occur  in  the  young  and  also  in  later 
life,  even  when  the  involution  of  the  organ  is  complete.  They  are  often 
associated  with  neuralgic  pains  elsewhere — in  the  ovaries,  and  especially  in 
the  spine,  including  the  sacrum.  By  some  writers  the  pains  of  menstrua- 
tion, when  no  organic  cause  for  them  can  be  discovered,  are  regarded  as 
neuralgic. 

Of  the  male  organs  of  generation,  that  which  is  most  frequently  the  seat 
of  neuralgic  pain  is  the  testicle,  but  even  here  such  pain  is  comparatively 
rare.  It  is  important  to  remember,  however,  that  inflammations  of  the 
urinary  passages  are  not  uncommon  causes  of  neuralgia  seated  in  the 
adjacent  cerebro-spinal  nerves. 


MIGRAINE:  PAROXYSMAL  HEADACHE. 
Migraine  is  an  affection  characterized  by  paroxysmal  nervous  disturbance, 
of  which  headache  is  the  most  constant  element.  ■  The  pain  is  seldom  absent 
and  may  exist  alone,  but  it  is  commonly  accompanied  by  nausea  and  vomit- 
ing, and  it  is  often  preceded  by  some  sensory  disturbance,  especially  by  some 
disorder  of  the  sense  of  sight.  The  symptoms  are  frequently  one-sided,  and 
from  this  character  of  the  headache  the  name  is  derived,  the  Greek  "  hemi- 
crania "  (still  often  employed)  furnishing  the  French  migraine,  the  Ger- 
man migran,  and  the  English  megrim.*  The  French  word  is  that  most 
frequently  employed,  and  is,  on  the  whole,  the  most  convenient.  On 
account  of  the  associations  of  the  pain,  it  has  received  the  popular  names  of 
"  blind  headache,"  "sick  headache,"  and  "  bilious  headache,"  the  latter 
being  derived  partly  from  the  fact  that  bile  is  often  vomited,  partly  from  the 
old  humoral  pathology  which  regarded  the  bile  as  one  of  the  chief  morbific 
fluids  of  the  body.  The  disease  is  often  associated  with  high  intellectual 
ability,  and  many  distinguished  scientific  men  have  suffered  from  it  and  have 
supplied  more  careful  observations  of  the  subjective  symptoms  than  we  pos- 
ses of  any  other  malady.  Among  the  sufferers  may  be  mentioned  the  cele- 
brated -Dr.  Fothergill,  Marmontel,  Haller,  Wollaston,  Du  Bois  Reymond, 
Sir  Charles  Wheatstone,  Sir  John  Herschel],  Sir  George  Airy,  and  his  son, 
Dr.  Hubert  Airy.f 


*  The  English  word  has  been  developed  by  the  following  steps,  going  backward  :  megrim, 
megrene,  emigranea;  Low  Latin,  hemigranea;  Latin,  hemicranea,  hemicranium;  Greek, 
ilfiiKpaviov  (Skeat). 

+  Dr.  H.  Airy  has  given  a  very  interesting  account  of  his  ocular  symptoms  in  the  Philo- 
sophical Transactions  for  1870.  The  best  systematic  account  of  the  disease  is  that  of  Dr. 
Edward  Liveing  ("  Megrim,  Sick  Headache  and  some  allied  Disorders,"  London,  1873). 
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Etiology. — Females  suffer  from  migraine  more  frequently  than  males,  but 
their  preponderance  is  not  great,  and  has  been  much  exaggerated  by  some 
writers.  The  affection  usually  commences  in  the  first  half  of  life.  One-third 
of  the  cases  begin  in  later  childhood,  between  five  and  ten  ;  about  two-fifths 
between  ten  and  twenty,  and  most  of  the  others  between  twenty  and  thirty. 
The  maximum  periods  are  late  childhood,  puberty  and  early  adult  life. 
Now  and  then  the  disease  commences  after  thirty ;  I  have  met  with  one 
well-marked  case  which  began  at  sixty.  In  the  ratio  between  the  sexes,  and 
the  large  number  of  cases  which  commence  at  the  time  of  puberty,  the  dis- 
ease resembles  another  paroxysmal  neurosis,  epilepsy,  and  we  shall  see  that 
there  are  other  points  of  resemblance  between  the  two  diseases.  Migraine 
is  strongly  hereditary ;  in  more  than  half  the  cases,  inheritance  can  be  traced, 
and  it  is  usually  direct,  i.  e.  other  members  of  the  family  (very  often  a  parent) 
suffer  from  paroxysmal  headache.  Now  and  then  the  inheritance  is  indirect; 
relatives  suffer,  not  from  migraine,  but  from  some  other  neuroses,  especially 
pure  neuralgia  and  epilepsy.  For  instance,  a  woman  aged  forty-six  had  suf- 
fered for  many  years  from  migraine  (paroxysmal  headaches  with  dimness  of 
sight  and  vomiting).  One  of  her  children  was  epileptic  and  her  mother 
had  been  epileptic  and  insane.  I  once  had  under  treatment  a  brother  for 
migraine,  and  his  sister  for  epilepsy.  One  patient's  brother  suffered  from 
paroxysmal  headache,  her  father  from  severe  neuralgia,  and  her  father's 
brother  was  insane.  Occasionally  migraine  seems  due  to  the  inheritance 
of  the  gouty  diathesis :  a  father  may  suffer  from  gout,  and  his  son  from 
migraine.  A  similar  transformation  may  occur  in  the  course  of  the  disease; 
migraine,  commencing  in  early  life,  may  cease  when  distinct  gout  is  devel- 
oped. Trousseau  has  emphasized  (but  also  exaggerated)  this  relation  by 
saying  that  "  migraine  and  gout  are  sisters."' 

When  migraine  begins  early,  no  immediate  cause  can  usually  be  traced, 
but  when  the  disease  begins  later,  its  occurrence,  or  in  cases  that  begin 
earlier,  its  exacerbation,  is  related  to  influences  that  depress  and  weaken  the 
nervous  system,  either  directly  or  through  the  general  health.  Such  causes 
are  excessive  brain  work  (especially  combined  with  anxiety  and  loss  of  rest), 
over-fatigue  of  all  kinds,  work  in  hot  and  crowded  rooms,  anaemia,  over- 
lactation  and  the  like.  I  have  seen  one  case  that  appeared  to  date  from 
attacks  of  ague,  which  the  patient  had  had  in  early  life. 

Symptoms. — The  essential  feature  of  migraine  is  paroxysmal  headache, 
but  a  large  number  of  the  patients  present  also  other  sensory  symptoms  in 
association  with  the  headache,  and,  in  rare  cases,  these  sensory  symptoms 
occur  alone,  without  headache.  These  associated  symptoms  are  so  peculiar 
and  striking,  that  undue  importance  has  been  given  to  them  as  the  charac- 
teristics of  the  disease,  but  they  are  often  inconstant.  Even  the  same  patient 
may  have  some  headaches  with,  and  others  without,  these  accompaniments, 
or  may  have  simple  headaches  at  one  period  of  his  life  and  the  more  complex 
series  of  symptoms  at  another  period.  The  simple  headaches  have  the  same 
characters,  and  occur  under  the  same  causal  conditions  of  heredity,  etc.,  as 
those  in  which  there  are  in  addition  other  sensory  symptoms. 
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'■  The  characteristic  feature  of  the  symptoms  is  their  paroxysmal  character. 
During  the  intervals,  most  patients  are  free  from  any  symptoms  of  nerve 
derangement,  although  a  few  suffer  from  slighter  headaches  of  a  different 
character,  occasional  or  continuous.  The  precise  elements  that  make  up 
the  paroxysmal  seizure  vary  in  different  cases,  and  often  even  in  the  same 
individual.  Headache,  as  already  stated,  is  the  most  constant,  and  is  very 
seldom  absent ;  next  in  frequency  are  nausea  and  vomiting,  then  some  dis- 
turbance of  vision,  affection  of  speech,  disturbed  sensation  in  the  limbs,  and 
vasomotor  derangement,  while  the  least  common  are  motor  symptoms  in 
the  limbs.  The  frequency  of  vasomotor  derangement  will  be  variously  esti- 
mated, however,  according  to  the  phenomena  included  in  the  term,  and  if 
a  simple  change  in  frequency  or  tension  of  the  pulse,  or  in  the  color  of  the 
face,  is  included,  this  disturbance  becomes  one  of  the  most  frequent  features 
of  the  attacks. 

But  the  above  order  of  frequency  is  not  that  in  which  the  symptoms  occur 
during  an  attack.  The  various  sensory  accompaniments  of  the  headache 
usually  occur  first,  then  comes  the  pain,  and  after  the  pain  has  lasted  for  a 
time  nausea  occurs,  followed  by  vomiting,  and  this  often  ends  the  attack. 
Vasomotor  disturbance  may  be  present  in  some  form  throughout  an  attack 
or  may  come  on  only  toward  the  close.  When  sensory  disturbance  is  absent, 
the  pain  is  the  first  symptom. 

Various  influences  will  induce  a  paroxysm.  Fatigue  and  excitement  are 
the  most  common.  Digestive  disturbance  is  a  potent  cause,  and  sometimes 
a  particular  article  of  diet  will  always  induce  an  attack,  but  most  of  the  suf- 
ferers who  are  thus  susceptible  learn  by  experience  the  dietetic  errors  that 
are  efficient,  and  carefully  avoid  them ;  hence,  as  an  actual  fact,  it  is  very 
common  for  attacks  to  be  thus  induced.  Frequently,  after  the  usual  interval 
between  the  attacks  has  nearly  elapsed,  a  slight  error  in  diet  is  sufficient, 
although,  soon  after  the  patient  has  had  an  attack,  even  actual  indigestion 
has  no  effect.  The  influence  of  stomach  derangement  is  also  exaggerated 
on  account  of  a  misconception  of  the  significance  of  the  vomiting  that  so 
often  occurs.  -The  bile  that  comes  up  is  thought  to  be  a  proof  of  "  bilious- 
ness," when  its  rejection  is  merely  the  result  of  the  repeated  vomiting.  In 
some  patients  exposure  to  cold  will  bring  on  a  paroxysm.  Another  occasional 
excitant  is  a  visual  impression,  such  as  watching  moving  objects  or  seeing 
some  peculiar  kind  of  motion.  Over-use  of  the  eyes  may  also  bring  on  an 
attack.  In  some  patients  a  bright  light,  or  a  sudden  change  of  light,  has 
the  same  effect,  and  so  has  a  loud  noise  or  a  peculiar  odor.  Indeed,  it  seems 
as  if  a  peculiar  habit  may  become  established,  so  that  a  certain  sensory 
impression  will  always  induce  a  paroxysm. 

Premonitory  symptoms  are  present  in  some  cases,  but  are  less  frequent 
when  there  are  accessory  symptoms  than  in  the  attacks  that  consist  of  pain 
only.  The  day  before  an  attack  the  patient  may  complain  of  heaviness  in 
the  head,  or  of  slight  pain,  or  of  somnolence.  When  attacks  consist  of  sim- 
ple headache,  the  patient  often  wakes  up  with  it.  When  sensory  symptoms 
occur  first,  these  often  begin  quite  suddenly.     The  patient,  for  instance, 
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may  feel  perfectly  well,  when  he  is  suddenly  conscious  of  some  disturbance 
of  vision,  of  a  bright  spot,  for  instance,  on  one  side  of  the  field  of  vision, 
which  slowly  enlarges  and  spreads,  becoming  darker  in  the  centre  as  it 
extends,  and  changing  its  round  outline  into  an  angular  form.  Or  he 
may  suddenly  be  conscious  of  dimness  of  sight  toward  one  side,  which 
increases  in  extent  and  intensity  until  one-half  of  each  field  is  blind. 
Or,  the  first  symptom  may  be  tingling  in  one  hand,  which  spreads  up 
the  arm.  Such  sensory  disturbance  lasts  for  ten,  twenty,  or  thirty  minutes, 
and  then  passes  away,  and  as  it  subsides,  headache  comes  on  ;  it  is  usually 
of  great  intensity,  commences  at  one  spot,  and  slowly  spreads.  After  a 
few  hours  the  patient  feels  sick,  and  the  nausea  slowly  increases  and  at 
last  ends  in  vomiting ;  then  the  sufferer  goes  to  sleep  for  an  hour  or  two  or 
for  the  night,  and  wakes  up  well.  These  various  symptoms  are  generally 
unilateral  in  distribution.  The  pain  is  sometimes  bilateral,  but  it  is  then 
greater  on  one  side  than  on  the  other.  The  symptoms  may  now  be  con- 
sidered in  detail. 

Visual  disturbance  occurs  in  at  least  half  the  cases,  and  is  the  earliest 
symptom  of  an  attack.  It  may  consist  in  partial  loss  of  sight,  or  spectral 
appearances,  or  both.  The  unilateral  character  of  visual  symptoms  is 
always  manifested  as  affection  of  the  corresponding  halves  of  both  fields  of 
vision. 

Loss  of  sight  is  always  imperfect.  There  maybe  sudden  general  dimness 
of  vision,  or  there  may  be  a  lateral  limitation  of  the  field,  extending  from 
one  side  and  not  reaching  the  centre,  or  commencing  first  on  one  and  after- 
ward on  the  other  side,  during  the  same  attack.  The  resulting  hemianopia 
may  be  complete.  In  other  cases,  the  first  change  in  vision  is  a  spot  of 
dimness  of  sight,  lateral  or  central  in  position,  which  gradually  increases  in 
size  and  extends  toward  the  periphery  ;  when  lateral  in  position  it  usually 
does  not  pass  beyond  the  middle  line,  so  that  from  this  also  hemianopia 
results.  Very  rarely  the  spot  is  situated  in  the  upper  or  lower  parts  of  the 
field,  and  may  cause  a  form  of  transverse  hemianopia.  The  degree  of  loss 
varies  ;  it  is- often  described  as  a  "  cloud,"  but  the  darkness  may  be  notice- 
able only  when  a  bright  light  is  looked  at.  As  the  dark  spot  increases  in 
size  it  often  clears  in  the  centre.  When  spectral  appearances  occur,  they 
may  commence  as  a  bright  spot,  gradually  expanding,  or  they  may  develop 
out  of  this  area  of  dimness.  In  the  latter  case,  as  the  dark  spot  increases  it 
becomes  luminous  at  the  periphery  and  expands,  so  as  at  first  to  form  a  circle, 
but,  if  lateral,  it  may  break  at  the  middle  line  into  a  crescent.  In  some 
cases  it  spreads  over  almost  the  whole  field  of  vision.  When  a  luminous 
spot  is  the  first  change  and  this  expands,  it  may  become  dim  in  the  centre. 
Very  commonly  the  outer  edge  assumes  a  zigzag  shape  with  prominent  and 
reentrant  angles,  like  the  ground  plan  of  a  fortification,  and  hence  called  "for- 
tification spectrum."  At  one  part  it  becomes  fainter  and  ceases,  so  that  there 
is  a  break  in  the  outline.  The  outer  boundary  is  the  most  brilliant  and  is 
often  limited  by  color ;  inside,  the  luminosity  extends  for  a  little  distance, 
gradually  becoming  fainter.     Very  frequently  within  the   bright  outline, 
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however  it  arises,  there  seem  to  be  luminous  particles  in  rapid  irregular 
movement.  The  spectrum  increases  with  the  blind  area,  gradually  becomes 
indistinct,  and  disappears  at  the  periphery  of  the  field.  These  visual  phe- 
nomena always  affect  the  field  of  vision  of  both  eyes,  although  the  patient 
.often  imagines  that  the  phenomena  observed  on  one  side  are  seen  with  one 
eye  only.  They  may  present  considerable  variation  in  the  same  case.  Thus 
one  patient  described  sometimes  hemianopia,  sometimes  colored  lights, 
sometimes  merely  a  sensation  as  of  moving  water  before  the  eyes.  Many 
patients  experience  only  slight  and  vague  ocular  symptoms,  such  as  sparks 
or  mere  flashes  of  light.     Very  rarely  there  is  double  vision. 

Disturbance  in  the  function  of  the  other  special  senses  is  exceedingly 
rare,  but  a  few  cases  are  on  record  in  which  phenomena  have  been  observed 
in  hearing  and  taste  similar  to  those  in  vision.  Thus,  there  has  been  one- 
sided deafness  followed  by  a  noise  in  the  ear,  or  loss  of  taste  followed  by  a 
subjective  sensation.  Transient  tinnitus  is  occasionally  observed  in  the 
subjects  of  migraine,  without  connection  with  the  attacks. 

Other  sensory  symptoms  are  felt  in  the  limbs,  face,  throat,  tongue,  and 
adjacent  parts,  but  these  are  far  less  frequent  than  is  the  visual  disturbance. 
In  the  limbs,  the  sensation  is  felt  chiefly  in  the  arm,  very  seldom  in  -the  leg. 
It  may  occur  alone  as  the  first  stage  of  the  attack,  but  is  more  often  associ- 
ated with  the  visual  phenomena,  succeeding  the  latter  but  commencing 
before  the  affection  of  sight  has  quite  ceased.  In  character,  the  disturbance 
of  cutaneous  sensibility  is  very  similar  to  that  of  vision,  allowance  being 
made  for  the  difference  in  the  character  of  the  function.  There  is  the  same 
combination  of  sensory  irritation  and  sensory  loss.  Tingling  in  the  skin, 
or  "  pins  and  needles,"  is  felt  in  some  part  of  the  hand,  as  the  fingers,  or 
in  the  wrist,  and  as  it  spreads  it  is  succeeded  by  numbness  and  loss  of  sensi- 
bility, sometimes  amounting  to  actual  anaesthesia.  In  other  cases,  the  numb- 
ness occurs  first,  and  is  succeeded  by  tingling.  The  sensory  disturbance 
in  its  double  form  may  pass  up  the  limb  from  the  extremity,  and  the  leg 
may  be  affected  after  the  arm,  just  as  in  the  sensory  aura  of  epilepsy.  Some- 
times, instead  of  a  gradual  extension,  the  tingling  passes  from  one  part  to 
another  at  a  distance.  It  is  generally  confined  to  one  side,  but  sometimes 
is  felt  first  in  one  arm  and  then  in  the  other.  A  sensation  in  the  lips  and 
tongue  is  generally  secondary  in  time  to  that  in  the  limbs  ;  it  rarely  exists 
alone.  It  may  be  felt  in  the  cheek,  lips,  tongue,  or  fauces,  on  one  side,  or 
on  both.  The  side  affected  is  the  same  as  in  the  limbs,  but  it  may  be 
bilateral  in  the  lips  and  throat,  and  unilateral  in  the  limbs.  The  duration 
of  these  sensations  is  generally  about  ten  or  fifteen  minutes.  Occasionally 
slight  motor  weakness  accompanies  the  tingling,  just  as  it  may  do  in  the 
sensory  discharge  of  epilepsy.  For  instance,  the  attack  in  one  patient  com- 
menced by  dimness  of  sight,  and  this  was  followed  by  tingling  in  the  fingers 
of  the  left  hand  ;  the  sensation  passed  up  the  arm  to  the  shoulder,  and  was 
followed  by  weakness  of  the  limb  for  about  ten  minutes ;  then  headache  came 
on  in  the  right  occipital  region,  and  lasted  for  twelve  hours. 

Motor  symptoms  in  the  limbs  are  usually  confined  to  such  transient  weak- 
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ness,  with  or  after  the  sensory  disturbance,  as  occurred  in  the  case  just  men- 
tioned. If  any  motor  spasm  is  present,  the  case  usually  diverges  very  much 
from  the  type,  and  sometimes  is  of  such  a  character  as  to  render  it  doubtful 
whether  it  should  be  classed  with  migraine  or  not.  In  one  patient  each 
attack  of  headache  was  preceded  by  sudden  tingling  in  the  calf,  followed 
by  painful  cramp  in  the  calf-muscles,  lasting  a  few  minutes  only.  The  same 
patient,  however,  had  at  other  times  attacks  in  which  her  face  suddenly 
became  crimson,  sharp  pains  occurred  in  the  head,  and  seemed  to  pass  down 
the  side  to  the  leg,  which  was  then  "  drawn  up  "  in  spasm  for  a  few  minutes. 

Difficulty  in  speech,  transient  aphasia,  is  another  occasional  symptom  of 
the  commencing  attack.  If  there  are  sensory  symptoms,  these  are  almost 
always  right-sided,  and  are  situated,  in  most  cases,  in  the  right  arm.  If 
there  is  visual  disturbance,  this  also  is  in  the  right  half  of  the  field,  but  I 
have  only  once  met  with  aphasia  in  association  with  an  affection  of  sight 
alone.  The  rule  of  the  right-sided  association  probably  does  not  hold  good 
of  left-handed  persons,  and  it  is  not  quite  absolute  in  other  cases.  I  have 
met  with  one  case,  in  a  right-handed  man,  in  whom  the  attack  began  with 
left-sided  hemianopia,  followed  by  tingling  in  the  left  foot,  which  passed  up 
the  leg  and  side  to  the  mouth  and  tongue,  and  then  the  speech  was  deranged, 
the  words  of  a  sentence  "  coming  out  in  wrong  order."  The  common  char- 
acter of  the  defect  is  that  there  is  a  difficulty  in  finding  the  right  word,  or  a 
use  of  wrong  words  in  both  speaking  and  writing,  and  very  rarely  a  total 
inability  to  speak.  The  latter  suggests  motor  aphasia  (see  p.  544),  but  the 
more  common  form  has  the  character  of  the  sensory  variety.  In  one  case 
the  affection  of  speech  was  clearly  of  this  character  ;  the  patient  was,  for  a 
few  minutes,  completely  "  word-deaf;"  when  spoken  to,  she  heard  the  sound 
perfectly,  but  could  not  tell  what  was  said.  A  few  similar  cases  are  on 
record.* 

Slight  mental  change  occurs  in  some  patients  during  the  attack.  Emo- 
tional depression,  restlessness,  or  confusion  of  ideas  are  the  most  common  ; 
sometimes  there  is  transient  loss  of  memory.  Brief  stupor,  without  com- 
plete unconsciousness,  sometimes  occurs  soon  after  the  onset  of  an  attack, 
without  interrupting  the  progress  of  the  sensory  disturbance.  Among  other 
peculiar  conditions  that  have  been  described  is  a  sensation  of  "double  con- 
sciousness "  or  a  vivid  recollection  of  events  long  past.  The  mental  change 
may  be  the  earliest  symptom,  or  it  may  succeed  the  affection  of  sight,  or 
occur  when  the  sensation  in  the  limbs  ascends  to  the  head. 

Giddiness  is  not  a  frequent  symptom  of  the  attacks  themselves.  It  is 
usually  a  vague  sense  of  defective  equilibrium,  rarely  amounting  to  definite 
vertigo.  It  varies  in  time,  being  occasionally  early,  but  more  often  succeed- 
ing the  sensory  disturbance,  and  it  often  accompanies  the  headache.  Any 
one  of  this  series  of  symptoms  may  precede  the  headache,  or  all  may  be 

*  It  is  probable,  and  in  harmony  with  the  other  symptoms,  that  the  chief  disturbance  of 
speech  is  "  sensory  aphasia,"  and  that  when  there  is  "  motor  aphasia  "  this  is  analogous  to 
the  weakness  of  the  arm  that  accompanies  the  sensory  discharge. 
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absent.  Even  when  many  of  them  occur,  their  duration  is  short,  varying 
from  fifteen  to  thirty  minutes,  before  they  give  place  to  the  pain  in  the  head. 
The  headache  is  not  only  the  most  constant  symptom,  it  is  also  the  most 
distressing.  It  is  not,  however,  so  alarming  to  the  patient  as  the  sensory 
symptoms  are,  especially  in  those  who  are  unaccustomed  to  them,  and  in 
whom  they  occur  at  long  intervals,  or  for  the  first  time  in  adult  life.  The 
pain  has  generally  recurred  during  many  years,  and  the  sufferer  knows  what 
to  expect  and  how  best  to  endure  it.  It  varies  much  in  degree,  but  is  very 
seldom  trifling.  Often  it  has  a  characteristic  course,  uniform  in  the  same 
patient ;  it  begins  gradually,  slowly  increases  to  a  considerable  degree  of 
intensity,  and  after  a  variable  time  it  subsides,  sometimes  slowly,  sometimes 
rapidly.  It  is  usually  an  acute  pain  at  the  onset,  and  may  remain  so 
throughout,  or  may  assume  a  duller  character  as  it  spreads.  Movement, 
noise,  and  light  usually  increase  its  intensisy.  Sudden  stooping  also  makes  it 
worse,  but  the  patient  is,  nevertheless,  most  comfortable  in  the  recumbent 
posture,  and  suffers  more  when  he  attempts  to  sit  up  or  to  stand.  In  most 
cases  the  headache  begins  on  one  side,  and  in  many  it  is  confined  to  one 
side ;  in  others  it  becomes  general,  so  that  the  name,  while  founded  on  a 
common  characteristic,  has  no  exact  descriptive  significance.  When  the 
pain  begins  at  one  spot  it  most  frequently  is  in  the  temple,  and  is  confined  at 
first  to  a  small  area  that  can  be  covered  by  the  tip  of  the  finger.  In  other 
cases  it  begins  in  a  small  spot  on  the  forehead,  or  in  the  forehead  and  eye- 
ball, seldom  in  any  limited  area  at  other  parts  of  the  head.  When  thus 
limited  at  first,  it  seems  generally  superficial,  but  often  has  a  boring  char- 
acter, as  if  some  instrument  were  being  forced  into  the  skull.  After  a  time 
the  pain  often  spreads  through  a  considerable  part  of  one  side  of  the  head, 
and  not  unfrequently  through  both  sides.  Sometimes  it  begins  at  the  back 
of  the  head,  in  the  occipital  region  on  one  side,  and  may  then  extend  for- 
ward to  the  temple.  It  occasionally  commences  in  the  middle  of  the  head, 
and  spreads  down  one  side.  From  the  back  or  side  of  the  head,  the  pain 
may  pass  down  the  side  of  the  neck  and  even  into  the  arm.  Occasionally 
it  spreads  from  one  side  to  the  other,  and  may  then  cease  on  the  side  first 
affected.  In  one  instance  in  which  it  had  this  course,  it  ultimately  ceased 
on  the  second  side  and  recommenced,  in  slight  degree,  on  the  side  first 
affected  before  finally  passing  away.  Even  when  the  pain  is  limited  in  area 
and  superficial  in  character,  there  is  seldom  any  local  tenderness,  but  now 
and  then  extensive  pain  over  the  head  may  be  accompanied  by  some  general 
tenderness  of  the  hairy  scalp",  which  continues  for  a  time  after  the  headache 
has  ceased.  When  the  pain  is  unilateral  and  felt  over  a  considerable  area, 
it  is  generally  on  the  side  opposite  to  the  peripheral  symptoms.  It  usually 
comes  on  as  the  sensory  disturbance  is  declining,  and  always  lasts  for  several 
hours,  often  for  the  rest  of  the  day.  It  is  not  always  constant  either  in  char- 
acter or  seat,  but  when  inconstant  in  seat,  the  patient  has  certain  k,inds  of 
headache  which  maintain  their  characters,  although  sometimes  one,  some- 
times another  comes  on.  In  other  cases,  at  a  certain  period  of  life  there  is 
a  change  in  the  seat  and  character  of  the  pain.     Thus  in  one  case  the  pain 
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for  many  years  was  occipital,  but  afterward  it  was  always  limited  to  one 
frontal  region. 

Nausea  accompanies  the  headache  in  a  large  number  of  cases,  but  often 
does  not  commence  until  the  pain  has  reached  its  height.  It  is  attended 
with  a  total  inability  to  take  food,  and  food  that  is  taken  is  not  digested, 
apparently  from  a  derangement  of  the  gastric  secretions.  The  nausea  often 
results  in  vomiting,  but  retching  is  still  more  frequent.  Neither  occurs,  as  a 
rule,  until  after  the  pain  in  the  head  has  reached  its  climax,  and  often  not 
until  the  pain  is  subsiding,  and  then  may  terminate  the  seizure,  and  this  even 
when  nothing  is  ejected.  It  is  common  for  the  headache  to  commence  in 
the  morning,  for  nausea  to  come  on  in  the  course  of  the  day,  and  vomiting 
in  the  evening.  Sometimes  the  vomiting  begins  earlier;  in  one  case,  in 
which  the  visual  disturbance  was  unusually  prolonged,  lasting  two  hours,  the 
vomiting  commenced  before  it  had  ceased  and  before  the  headache.  If  it 
occurs  while  the  headache  is  severe,  the  vomiting  does  not  influence  the  pain. 
When  there  is  no  headache  there  is  no  vomiting.  The  condition  is  accom- 
panied with  great  prostration,  and  the  patient  is  very  much  like  one  suffering 
from  sea  sickness. 

The  most  common  vasomotor  symptom  is  pallor  of  the  face  at  the  onset  of 
an  attack,  and  often  throughout  its  course.  The  extremities,  also,  are  usually 
cold.  The  face  is  not  only  pale,  but  has  a  "  pinched"  or  "drawn  "  expression. 
The  accessible  arteries  may  be  sometimes  felt  to  be  contracted.  In  some 
cases  this  aspect  continues  throughout  the  attack;  in  others  the  pallor  gives 
place  to  flushing  as  the  pain  in  the  head  develops,  and  there  may  even  be 
general  perspiration.  Rarely  the  face  is  flushed  from  the  first.  Still  more 
rarely,  there  is  a  conspicuous  difference  in  the  aspect  of  the  two  sides  of  the 
face ;  there  may  be  pallor  only  on  one  side,  and  in  addition  the  eye  may  be 
retracted,  the  conjunctiva  injected,  and  the  pupil  small ;  as  the  paroxysm 
goes  cuT  this  condition  may  be  exchanged  for  one  of  hyperaemia,  the  face 
becoming  warm,  the  ear  red,  and  the  pupil  resuming  its  normal  size  (Du  Bois 
Reymond,  Morselli).  The  latter  must  be  referred  to  diminished  action  and 
the  former  to  increased  action  of  the  sympathetic  fibres,  although  in  over- 
action  the  retraction  of  the  eye  and  redness  of  the  conjunctiva  are  excep- 
tional. Unilateral  sweating  has  also  been  observed.  At  the  end  of  an 
attack,  in,  which  the  final  dilatation  of  vessels  has  been  marked,  puffiness  of 
the  scalp  has  been  observed  in  rare  cases,  and  even  ecchymoses  at  the  seat  of 
the  most  intense  pain.  It  must,  however,  be  remembered  that  such  unilateral 
sympathetic  symptoms  are  not  only  exceptional  but  extremely  rare.  In  a 
woman,  aged  fifty,  liable  to  right-sided  migraine  from  youth,  the  right  tem- 
poral artery  was  harder  and  more  rigid  than  the  left,  and  the  right  cornea 
presented  an  arcus  senilis  twice  as  broad  as  that  on  the  other  side  (De  Gio- 
vanni). (Edema  of  the  optic  disc  has  been  said  to  occur  during  the 
paroxysm  (Mollendorff ),  but,  as  a  rule,  both  during  the  attack  and  in  the 
intervals,  the  appearance  of  the  discs  is  perfectly  normal.  Occasionally, 
retardation  of  the  pulse  occurs  during  the  paroxysms.     In  one  of  my  patients 
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the  pulse  always  fell  to  about  fifty-six  and  a  retardation  to  forty  has  been 
observed. 

The  termination  of  the  paroxysm  is  sometimes  attended,  not  only  by 
vomiting,  but  also  by  sorrre  secretion,  copious  diuresis  or  perspiration.  The 
pain  passes  away  gradually,  very  seldom  quickly.  The  most  frequent  ter- 
mination is  by  sleep.  During  the  height  of  the  attack  the  patient  may  be 
drowsy  and  doze,  but  this  brings  no  relief;  as  the  pain  is  subsiding,  how- 
ever, he  goes  to  sleep,  sometimes  for  a  short  time  only,  and  wakes  up  free 
from  pain.  The  duration  of  the  headache  is  always  several  hours;  often  it 
commences  in  the  early  morning  and  lasts  the  entire  day  ;  in  severe  cases  it 
may  last  for  several  days. 

Varieties. — The  cases  in  which  the  collateral  disturbance  is  absent  and  the 
attacks  consist  only  of  pain  and  sickness  are  very  common.  The  pain  has 
the  same  characters  as  in  the  cases  with  other  sensory  symptoms,  and  may  be 
attended  by  the  same  vasomotor  disturbance.  In  one  patient,  for  instance, 
the  pain  began  in  one  eye  and  the  supra-orbital  region  and  commenced 
alternately  on  each  side ;  from  the  place  of  commencemept  it  extended  over 
the  whole  head  and  into  the  throat.  It  is  very  common  for  two  kinds  of 
headache  to  occur,  and  for  one  only  to  be  accompanied  by  other  sensory 
symptoms.  Sometimes  one  is  attended  with  vomiting,  and  the  other  is  not. 
One  patient,  for  instance,  sometimes  had  attacks  of  pain  in  the  forehead  and 
temples,  and  at  other  times  pain  at  the  top  and  back  of  the  head,  and  only 
the  latter  were  attended  by  sickness. 

Migraine  in  adults  is  not  commonly  attended  by  any  alteration  in  the  tem- 
perature of  the  body,  but  in  children  there  may  be  considerable  rvPi"a- 
which  impresses  a  special  and  sometimes  misleading  character  on  the  attack. 
Thus,  one  child  at  the  age  of  two  became  liable  to  attacks  which  lasted  only 
a  few  hours,  and  recurred  at  intervals  of  two  or  three  months.  In  each  there 
was  severe  one-sided  pain  in  the  head  ;  the  temperature  rose  to  102°  or  103°; 
sickness  came  on,  the  child  went  to  sleep,  and  woke  up  well. 

The  sensory  symptoms  of  migraine,  as  we  have  seen,  sometimes  occur 
without  headache,  or,  more  frequently,  with  headache  that  is  so  slight  as  to 
cause  the  patient  no  distress,  and  to  lead  him  to  place  no  weight  upon  it  in 
his  description  of  the  symptoms.  These  cases  are  of  great  importance, 
because  their  nature  is  so  often  misunderstood.  In  one  case,  with  charac- 
teristic visual  disturbance  (an  expanding'  luminous  spot  and  hemianopia), 
the  only  discomfort  was  that  a  cough  or  deep  inspiration  caused  momen- 
tary pain  over  the  eyebrows  during  two  or  three  days  after  an  attack.  A 
more  common  history  is  that  some  attacks  are  complete,  consisting  of  sen- 
sory disturbance  and  headache,  while  in  others  the  former  occurs  alone.  In 
rare  cases  the  sensory  disturbance  or  aphasia  generally  occurs  by  itself,  head- 
ache being  seldom  or  never  associated.  Lastly,  some  sufferers  from  migraine 
often  have  slighter  and  variable  sensory  disturbance,  evidently  of  the  same 
nature,  although  not  of  the  same  form,  as  that  which  precedes  the  headaches. 
One  patient,  for  instance,  with  characteristic  headaches  preceded  by  hemi- 
anopia, complained  of  bright  stars  before  the  eyes  whenever  she  had  looked 


1180  MIGRAINE. 

at  a  brilliant  light,  and  sometimes  one  of  these  stars,  brighter  than  the  rest, 
would  start  from  the  right  lower  corner  of  the  field  of  vision  and  pass 
across  the  field,  generally  quickly,  in  a  second,  sometimes  more  slowly,  and 
when  it  reached  the  left  side  would  break  up  and  leave  a  blue  light  in  which 
luminous  points  were  moving.  These  sensations  were  not  succeeded  by 
headache,  although  the  pain  always  followed  the  hemianopia.  Aphasia  does 
not  often  occur  without  headache  ;  such  attacks  may  be  very  puzzling  unless 
their  nature  is  suspected. 

I  have  met  with  one  curious  case  in  which  visual  disturbance,  exactly 
such  as  precedes  attacks  of  migraine,  occurred  frequently  during  many 
years,  as  an  isolated  symptom ;  at  no  time  was  there  any  pain.  The  patient 
was  a  man  of  sixty,  the  subject  of  chronic  bronchitis  and  some  loss  of 
memory,  but  with  no  other  indications  of  nerve  disease.  The  visual  spec- 
trum was  generally  a  brightly  colored  zigzag  ;  sometimes  it  had  the  shape  of 
a  broken  oval,  but  more  often  a  long  comet-like  form,  commencing  on  one 
side  of  the  field  of  vision  and  extending  downward.  Rarely  there  was  a 
luminous  disc,  which  would  ascend,  break  into  a  four-leaved  object,  and 
then  disappear.  A  noteworthy  feature  of  the  illusion  was  that  the  angular 
spectrum  was  sometimes  related  to  the  image  of  some  seen  object.  Thus, 
on  one  occasion,  a  plate  which  was  before  the  patient  as  he  sat  at  table 
appeared  surrounded  by  the  colored  angular  spectrum.* 

Sensory  disturbance  in  the  limbs  does  not  often  occur  without  headache, 
but  occasionally  the  headache  is  slight.  Sometimes  an  attack  is  apparently 
rendered  abortive  in  consequence  of  some  drug  that  is  taken,  such  as  bro- 
mide, as  in  the  following  case,  which  deserves  description  on  account  of  the 
illustration  it  affords  of  the  deliberate  march  of  the  sensory  disturbance.  A 
gentleman,  the  subject  of  migraine,  was  working  with  the  microscope  one 
afternoon,  when  his  sight  became  dim,  so  that  he  could  only  just  read  large 
print,  and  continued  so  in  spite  of  a  drachm  of  bromide.  After  two  hours, 
tingling  suddenly  commenced  in  the  left  thumb,  and  spread  to  the  fingers 
and  then  was  felt  in  the  middle  of  both  lips,  in  the  tip  of  the  nose,  and 
beneath  the  tip  of  the  tongue.  Then  it  was  felt  in  the  left  arm  near  the 
axilla,  and  in  the  left  side  of  the  fauces  and  of  the  face  over  the  lower  jaw. 
A  few  minutes  later  it  involved  .the  fauces  on  both  sides  and  the  palate,  and 
caused  an  unpleasant  sense  of  constriction.  It  then  ceased  and  headache 
came  on.  Another  attack  began  in  the  same  manner,  but  after  being  felt  in 
the  fingers  and  lips  and  tongue,  it  became  intense  at  the  wrist  and  ceased  in 
the  lips;  the  sensation  passed  up  the  ulnar  side  of  the  forearm  and  then 
ceased,  but  afterward  recurred  in  the  cheek  and  side  of  the  throat. 

Course.—  The  interval  between  the  attacks  varies  in  different  cases ;  it  is 
usually  between  a  fortnight  and  two  months.  It  is  generally  about  three  or 
four  weeks,  but  the  periodicity  is  not  often  exact.  In  a  case  mentioned  by 
Trousseau,  however,  the  attacks  occurred  each  fortnight,  almost  to  an  hour. 


*  The  patient  was  a  mechanical  draughtsman,  and  he  had  a  small  book  full  of  drawings 
of  the  appearances  that  he  saw. 
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In  women  they  often  occur  about  the  menstrual  period,  generally  after  the 
catamenia  have  ceased.  The  intervals  are,  on  an  average,  shorter  in  the 
cases  in  which  there  is  only  pain  than  in  those  in  which  there  are  associated 
sensory  symptoms,  and  when  these  symptoms^occur  alone,  without  headache, 
the  intervals  generally  amount  to  several  months.  The  intervals  are  doubt- 
less rendered  more  irregular  than  they  otherwise  would  be  by  the  influence 
of  exciting  causes,  effective  when  the  usual  period  has  nearly  elapsed.  In 
the  intervals  there  are  often  no  symptoms,  or  there  may  be  slight  headache 
of  a  different  character,  or  definite  neuralgia,  or  some  other  functional 
disturbance. 

,  It  is  not  uncommon,  as  already  mentioned,  for  some  change  in  the  char- 
acter of  the  disease  to  occur  at  a  certain  period.  Sensory  disturbance  may 
cease,  or,  if  previously  present,  may  come  on.  Thus  one  patient  had  hemi- 
anopia  with  the  attacks  of  migraine  until  the  age  of  fifty,  when  the  visual 
disturbance  ceased,  and  the  headaches  occurred  alone.  Occasionally,  some 
morbid  influence,  chronic  ill  health,  acute  disease,  anxiety,  or  injury,  may 
induce  an  increase  in  the  intensity  of  the  affection  or  a  change  in  its  char- 
acter. Thus  one  patient,  whose  mother  was  the  subject  of  migraine,  suf- 
fered from  simple  "sick  headaches  "  since  childhood.  At  twenty-five  he 
had  a  slight  concussion  of  the  head,  falling  against  a  wall.  Hemianopia 
came  on  in  a  few  minutes,  followed  by  headache  more  severe  than  the  patient 
had  had  before,  and  from  that  time  each  attack  was  preceded  by  the  same 
visual  symptom. 

Migraine  does  not  itself  involve  any  danger  to  life.  We  have  seen,  how- 
ever, that  the  vascular  disturbance  may  lead  in  time  to  local  vascular  degen- 
eration, and  this  affords  an  explanation  of  the  observed  fact  that  sufferers 
•  from  migraine  occasionally  suffer  from  vascular  lesions  of  the  brain  com- 
paratively early  in  the  degenerative  period  of  life ;  but  this  sequel  is  rare. 
In  some  cases,  after  many  attacks  attended  by  intellectual  impairment,  some 
failure  of  mental  power  has  been  observed  in  the  intervals. 

Complications  and  Associations. — Vertigo  is  occasionally  met  with  in  the 
subjects  of  migraine,  not  only  as  part  of  an  attack,  but  also  as  an  occasional 
symptom  at  other  times.  Some  of  those  who  present  it  are  in  the  second 
half  of  life,  and  the  associated  symptoms  show  that  the  vertigo  is  of  the 
labyrinthine  variety.  Thus,  one  patient,  forty-seven  years  of  age  and  gouty, 
who  had  been  liable  for  many  years  to  migraine,  had  an  attack  of  vertigo 
with  brief  tinnitus  and  sickness;  the  watch  was  almost  inaudible  through 
the  bone  on  each  side,  and  no  note  of  Galton's  whistle  could  be  heard 
through  the  air.  In  him  tinnitus  was  inconstant,  and  heard  occasionally  on 
each  side.  It  is  probable  that  in  such  cases  the  central  tendency  to  func- 
tional derangement  renders  the  patient  peculiarly  susceptible  to  the  influence 
of  labyrinthine  changes.  I  have  several  other  examples  of  the  same  combi- 
nation. In  other  cases,  again,  sudden  attacks  of  vertigo  occur  without  any 
indication  of  aural  changes,  and  sometimes  seem  to  be  the  result  simply  of 
the  central  instability.  Thus,  one  patient  was  liable,  in  the  intervals  between 
the   attacks  of  migraine,  to  sudden   sensations   of    unsteadiness,  vaguely 
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referred  to  the  legs,  without  any  aural  symptoms.  Another  patient  had 
sudden  attacks,  in  which  there  was  a  tendency  to  fall  backward,  accom- 
panied by  sickness.     At  other  times  she  had  paroxysmal  headaches  without 

sickness.  ' 

The  relationship  of  migraine  to  other  diseases  is  of  great  importance. 
That  to  gout  has  been  already  mentioned  in  the  account  of  the  causal 
relations  of  the  disease.  An  alternation  is  often  observed  with  some  other 
forms  of  neurosal  disorder,  or  at  least  a  transition  from  one  to  the  other. 
Migraine  occasionally  ceases,  and  is  replaced  by  simple  neuralgia.  Many  other 
instances  of  such  transition  have  been  collected  by  Liveing,  as,  for  instance, 
to  gastrajgia,  laryngeal  spasm,  anginal  seizures  and  paroxysmal  insanity. 
In  one  case  acute  mania  came  on. 

The  most  important,  and  one  of  the  most  frequent,  of  these  associations 
is  the  relation  of  migraine  to  epilepsy.  Th,e  connection  of  the  diseases  is 
of  special  interest  because  the  sensory  disturbance  of  the  two  has  so  many 
common  features.  I  have  met  with  no  less  than  twelve  cases  in  which  these 
maladies  occurred  in  the  same  individual.  In  seven  instances,  migraine  had 
existed  for  many  years,  and  the  patient  afterward  became  epileptic.  In  five 
of  these  the  migraine  either  ceased  or  became  much  slighter  when  the 
epilepsy  developed;  in  one  the  opposite  relation  was  observed  ;  an  epileptic 
patient  began  to  suffer  from  migraine  when  the  fits  ceased.  One  patient, 
who  was  liable  to  migraine  before  the  epilepsy  commenced,  suffered  scarcely 
at  all  from  the  headaches  while  the  fits  occurred,  and  when  these  ceased  the 
attacks  of  migraine  again  became  frequent.  In  five  cases  both  maladies 
coexisted  in  considerable  intensity.  In  almost  all  the  individuals  who  had 
suffered  from  the  two  diseases,  the  attacks  of  migraine  were  attended  by 
well-marked  sensory  disturbance  in  addition  to  the  headache  and  vomiting, 
and  in  one  or  two,  abortive  attacks  of  sensory  disturbance  occasionally 
occurred.  In  several  cases,  moreover,  the  epileptic  attacks  began  by  a  local 
aura  in  the  limbs,  a  rare  feature  in  idiopathic  epilepsy.  In  one  instance  of 
this,  the  first  convulsive  attack  occurred  after  a  fright.  In  some  cases,  in 
which  epilepsy  succeeded  migraine,  the  epileptic  fits  seemed,  as  it  were,  to 
grow  out  of  the  attacks  of  migraine,  being  preceded  by  such  sensory  symp- 
toms as  had  occurred  before  the  attacks  of  headache.  Thus,  a  young  man, 
whose  sister  was  epileptic,  began  to  suffer  from  attacks  in  which  he  saw 
glimmering'  lights  in  the  right  side  of  the  field  of  vision,  lasting  about 
twenty  minutes,  and  followed  by  headache,  sometimes  for  half  an  hour, 
sometimes  for  the  rest  of  the  day,  accompanied  by  nausea  but  no  vomiting. 
He  had  such  an  attack  every  few  months,  and  one  day  a  similar  light 
appeared,  brighter  than  usual,  and  after  it  had  lasted  for  twenty  minutes  he 
lost  consciousness  in  a  convulsive  attack,  which,  from  the  intensity  of  the 
subconjunctival  ecchymoses,  must  have  been  severe.  In  rare  cases  of 
epilepsy,  again,  a  visual  aura  may  consist  of  fortification  spectra  with  colors, 
and  even,  as  I  have  seen,  with  hemianopia.  In  one  such  case  the  visual 
disturbance  lasted  ten  minutes,  occurring  sometimes  alone,  sometimes  with 
transient  loss  of  consciousness,  sometimes  with  a  convulsive  attack.     Again, 
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a  woman  had  suffered  from  epileptic  fits  for  two  years,  and  also,  since  youth, 
from  attacks  of  severe  headache,  lasting  all  day ;  in  the  course  of  the  head- 
ache she  would  have  attacks  in  which  there  was  first  a  sensation  commencing 
at  the  epigastrium  and  passing  up  to  the  head  ;  it  seemed  to  spread  over  the 
head,  and  then  the  sight  became  dim,  and  there  was  complete  word-deafness 
and  aphasia;  after  about  ten  minutes  these  symptoms  suddenly  ceased. 
Many  of  her  epileptic  fits  were  preceded  by  the  same  sensation  starting  from 
the  epigastrium  and  going  to  the  head. 

Pathology. — No  anatomical  changes  are  known  to  underlie  the  pheno- 
mena of  migraine,  and  from  the  character  of  the  symptoms,  and  the  analo- 
gies of  the  disease,  it  is  unlikely  that  any  will  be  discovered.  Hence  the 
nature  of  the  malady  is  a  matter  of  inference,  and  hypotheses  are  sufficiently 
"abundant  and  precise. 

Two  chief  theories  have  been  held  regarding  the  origin  of  the  attacks. 
One  is  based  upon  the  alteration  in  the  state  of  the  vessels  that  is  so  con- 
spicuous in  the  aspect  of  the  patient.  The  pallor  of  the  surface  must  be 
due  to  contraction  of  the  arteries,  and  the  flushing  of  the  skin  to  their  dila- 
tation, and  it  is  assumed  that  a  corresponding  condition  of  the  vessels  of 
the  brain  is  the  cause  of  the  derangement  of  function.  The  suggestion  that 
spasm  of  the  cerebral  arteries  is  the  cause  of  the  symptoms  was  first  made  by 
Whytt,  and  the  evidence  in  favor  of  this  opinion,  afforded  by  the  state  of 
the  accessible  vessels,  was  pointed  out  by  Du  Bois  Reymond.  Mollendorf 
urged  that  vascular  dilatation,  rather  than  spasm,  caused  the  symptoms,  and 
the  fact  that  the  condition  varies  in  different  cases  has  led  to  the  theory, 
extensively  held  in  Germany  (by  Eulenburg  and  most  other  writers),  that 
there  are  the  two  varieties  of  the  disease,  already  mentioned,  the  "  sympa- 
thetico-tonic,"  and  the  "  sympathetico-paralytic  "  form,  as  they  are  some- 
times termed.  Dr.  Latham,  of  Cambridge,  who  arrived  independently  at 
the  same  conclusion,  that  the  attacks  depend  on  vasomotor  derangement, 
has  suggested  that  the  early  symptoms  of  the  paroxysm  are  due  to  spasm 
and  the  headache  to  dilatation  of  the  vessels.  According  to  these  theories 
the  malady  is  essentially  one  of  the  sympathetic  nerves. 

According  to  the  other  and  alternative  explanation  of  the  disease,  the 
primary  derangement  is  of  the  nerve  cells  of  the  brain.  Their  function 
from  time  to  time  is  disturbed  in  a  peculiar  manner,  and  the  visible  vaso- 
motor disturbance  is  of  secondary  origin.  The  periodical  derangement  of 
function  has  been  called,  by  a  somewhat  inapt  metaphor,  a  "  nerve-storm." 
This  theory  has  been  put  forward  and  ably  advocated  by  Liveing. 

The  sensory  symptoms  must  depend  on  derauged  action  of  the  sensory 
centres  in  some  part  of  the  brain.  They  indicate  a  combination  of  arrest  of 
action  and  of  over-action  in  the  nerve  cells  concerned.  In  the  language  of 
modern  physiology,  there  is  a  combination  of  inhibition  and  discharge  ;  the 
loss  of  sight,  for  instance,  must  be  due  to  inhibitory  arrest  of  action,  the 
visual  spectrum  to  discharge.  We  have  already  seen  (p.  1085)  that  the  same 
combination  occurs  in  some  attacks  of  epilepsy.  The  peculiarity  in  the  dis- 
turbance of  migraine  is  its  deliberate  character  and  its  limitation  to  sensory 
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structures.  The  uniformity  of  these  symptoms  in  the  same  case  is  another 
feature  that  must  be  taken  account  of  in  any  theory  as  to  their  origin.  To 
explain  them  on  the  vasomotor  hypothesis  we  must  assume,  first,  an  initial 
spasm  of  the  arteries  in  a  small  region  of  the  brain  ;  secondly,  that  the  con- 
traction always  begins  at  the  same  place ;  and,  thirdly,  that  it  can  give  rise 
to  a  definite,  uniform,  and  very  peculiar  disturbance  of  function.  There  is 
no  evidence  of  the  truth  of  any  one  of  these  assumptions.  As  was  pointed 
out  in  the  discussion  of  the  pathology  of  epilepsy,  we  are  not  justified  in 
assuming  that  the  state  of  the  surface  vessels  and  accessible  arteries  is  any 
indication  of  the  condition  of  those  of  internal  organs.  If  it  were,  inas- 
much as  the  recognizable  vasomotor  spasm  is  bilateral  in  almost  all  cases, 
even  when  the  sensory  disturbance  is  unilateral,  we  must  assume  a  general 
contraction  of  the  vessels  of  the  brain.  A  general  contraction  could  only 
cause  a  local  disturbance  of  function  by  virtue  of  a  local  change  in  the  func- 
tional tendency  of  the  nerve  cells.  But  if  such  local  change  is  admitted, 
the  need  for  the  vasomotor  mechanism  disappears.  Lastly,  that  vasomotor 
spasm  can  cause  the  "discharge"  of  nerve  cells  is  also  an  unproved  hypo- 
thesis, resting  only  on  the  fact  that  cerebral  anaemia  will  cause  convulsions. 
That  it  should  cause  a  deliberate,  uniform,  and  peculiar  discharge  is  not 
only  unproved,  but  in  the  highest  degree  improbable.  In  short,  the  difficul- 
ties in  accepting  the  vasomotor  explanation  of  the  sepsory  symptoms  are  so 
great  that  it  could  only  be  admitted  as  a  tenable  hypothesis  if  there  were  no 
other  explanation  of  the  coincidence  of  the  two  phenomena.  But  we  know 
that  the  vascular  system  is  in  a  special  way  under  the  influence  of  the  cere- 
bral centres.  An  emotional  blush  and  the  pallor  of  fear  are  conspicuous 
examples  of  this  fact.  It  is  at  least  as  easy  to  conceive  that  the  vascular 
changes  are  the  result  of  the  disturbance  in  the  sensory  centres,  or  are  the 
effect  of  associated  derangement  of  vasomotor  centres,  as  it  is  to  consider 
that  the  vascular  condition  is  the  primary  change.  The  vasomotor  nerves 
are  peculiarly  sensitive  to  sensory  impressions  that  are  felt  as  pain. 

It  is  as  difficult  to  explain  a  primary  derangement  of  the  cells  of  the  vaso- 
motor and  sympathetic  centres  as  it  is  to  explain  that  of  the  cells  in  the  sen- 
sory centres  in  the  brain.  The  functions  of  the  pneumogastric  are  certainly 
affected  secondarily  in  the  later  stage  of  the  attack.  Further,  to  assume,  as 
is  actually  done,  that  similar  nerve  disturbance  should  be  the  result,  in  some 
cases  of  vascular  spasm,  in  other  cases  of  the  opposite  condition,  vascular 
paralysis,  is  to  go  far  beyond  the  bounds  of  legitimate  assumption.  No 
symptoms  at  all  resembling  those  of  migraine  have  been  observed  when  the 
sympathetic  is  actually  diseased.  Headache  is  not  a  symptom  even  of  a 
paralyzing  lesion  of  the  sympathetic.  We  have  proof,  in  the  symptoms,  of 
the  deranged  action  of  sensory  cells ;  we  know  that  cells  are  susceptible  of 
primary  disturbance  of  function,  and  there  is  at  present  nothing  to  justify 
us  in  going  beyond  this  derangement  in.  our  search  for  the  primary  morbid 
process.  The  peculiar  character  of  the  visual  impressions  affords  strong  reason 
for  regarding  it  as  the  result  of  a  tendency  to  functional  derangement  in  the 
cells  themselves.     This  opinion  is  supported  by  the  fact  that  it  may  occur  as 
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an  isolated  symptom,  and  that  it  may  be  related  to  an  actual  visual  impres- 
sion. In  the  instance  mentioned  on  p.  1180  the  activity  of  the  cerebral 
cells  concerned  in  the  image  of  the  plate  clearly  determined  the  distribution 
of  the  abnormal  action  causing  the  colored  spectrum.  Such  an  occurrence 
can  have  been  due  only  to  a  primary  functional  disturbance  of  the  cells 
themselves,  and  that  which  we  feel  sure  exists  in  one  case  probably  exists  in 
all. 

What  part  of  the  brain  is  concerned  in  the  production  of  the  sensory 
symptoms  ?  Dr.  Liveing  has  suggested  the  optic  thalamus  as  the  part  prob- 
ably deranged,  but  this  suggestion  was  based  on  theories  of  the  function  of 
the  optic  thalamus  that  we  now  know  to  be  erroneous.  It  is  indeed  possible 
that  hemianopia  may  depend  on  arrest  of  action  in  this  structure  (see  p. 
490),  but  it  is  equally  possible  that  it  is  due  to  a  similar  condition  in  the 
half-vision  centre  in  the  occipital  cortex.  The  thalamus  is  not  in  the  path 
of  those  sensory  impressions  from  the  limbs  that  influence  consciousness ; 
this  ascends  by  the  internal  capsule  to  the  cortex,  and  the  sensory  limb 
symptoms  therefore  point  also  to  cortical  derangement.  Of  similar  but 
clearer  significance  is  the  aphasia  that  sometimes  occurs  when  the  function 
of  the  left  hemisphere  is  disturbed.  Thus  the  sensory  symptoms  are  prob- 
ably due  to  a  peculiar  kind  of  functional  disturbance  in  some  of  the  nerve 
cells  of  the  cerebral  cortex.  •  At  the  same  time  it  is  possible  that  the  peculiar 
disturbance  may  spread  to  cells  of  lower  centres,  especially  when  sensations 
are  felt  in  the  nose,  fauces,  etc. 

The  cause  of  the  headache  is  obscure.  We  know  very  little  of  the  mech- 
anism of  this  symptom  in  any  condition  (see  p.  529).  When  the  pain  is 
opposite  in  side  to  the  sensory  symptoms  we  are  obliged  to  assume  that  its 
seat  is  the  cerebral  hemisphere  that  is  deranged,  or  the  membranes  covering 
the  hemisphere.  When  it  is  local  in  situation — as  at  a  point  in  one  temple 
-^and  is  on  the  same  side  as  the  sensory  symptoms,  it  appears  to  be  neural- 
gic in  character,  the  result  of  some  central  disturbance  referred  to  the 
periphery,  and  not  necessarily  corresponding  in  side  to  the  morbid  process 
causing  it.  It  is  more  easy  to  conceive  that  the  first  kind  of  pain  may  be 
the  result  of  vascular  conditions  than  that  the  sensory  symptoms  are  so 
produced.  It  should  be  noted,  however,  that  the  aspect  of  the  face  usually 
remains  the  same  during  both  the  initial  sensory  symptoms  and  the  headache. 
At  the  same  time  it  is  probable  that  vascular  derangement  may  intensify 
symptoms  which  it  does  not  cause,  and  most  nerve  pains  are  rendered  more 
intense  by  arterial  pulsation.*  Nor  does  the  nausea  and  vomiting  throw 
any  distinct  light  on  the  mechanism  of  the  pain.  We  have  seen,  in  many 
affections,  how  widespread  is  the  central  representation  of  the  pneumogastric, 
and  that  vomiting  may  result  from  organic  disease  in  any  part  of  the  brain. 
In  migraine  it  seems  as  though  the  nervous  discharge  of  the  act  of  vomiting 

*  Du  Bois  Reymond  suggested  that  the  pain  is  actually  felt  in  the  arteries,  and  is  due  to 
the  spasmodic  contraction  of  their  walls ;  but  until  some  other  evidence  is  forthcoming  of  the 
occurrence  of  arterial  pain,  the  theory  can  scarcely  be  regarded  as  admissible. 
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afforded  some  relief  to  a  morbid  state  of  the  nerve  cells,  but  only  when  the 
disturbance  has  nearly  run  its  course  and  is  ready  to  subside. 

The  hypothesis  that  the  migraine  is  essentially  a  derangement  of  nerve 
cells  of  the  brain  enables  us  better  to  understand  its  relation  to  other 
neuroses.  Epilepsy  depends  on  a  disturbance  of  function  of  a  different 
kind,  but  it  is  intelligible  that  the  two  should  occur  in  the  same  subject,  and 
that  intermediate  forms  of  nerve  disturbance  should  be  met  with. 

Diagnosis.— From  other  forms  of  headache,  that  of  migraine  is  distin- 
guished by  its  sensory  accompaniments,  and,  if  these  are  absent,  by  its  par- 
oxysmal character,  severity,  and  definite  course.  In  malarial  headaches  the 
intermissions  are  shorter,  and  the  cause  is  generally  traceable.  The  pain  of 
chronic  brain  disease  is  more  or  less  constant ;  it  may  present  remissions 
and  even  intermissions,  but  not  the  long  intervals  of  migraine.  The  sensory 
disturbance  in  the  limbs,  and  the  affection  of  speech,  may  excite  a  suspicion 
of  acute  brain  disease,  but  it  is  only  in  a  first  attack  of  migraine  that  the 
question  will  arise,  and  even  then  the  brief  duration  of  the  symptoms,  and 
their  association  with  the  characteristic  visual  disturbance,  sufficiently  indi- 
cate the  nature  of  the  attack. 

A  greater  difficulty  is  presented  by  the  diagnosis  from  minor  epilepsy,  in 
which  the  visual  aura  may  closely  resemble  that  of  migraine.  In  most  cases 
of  epilepsy  with  a  visual  aura  this  is  brief,  lasting  only  a  few  seconds,  while 
the  visual  disturbance  in  migraine  lasts  twenty  minutes  to  half  an  hour.  The 
fortification  spectrum  is  suggestive  of  migraine  rather  than  epilepsy,  although 
not  conclusive.  The  occurrence  of  a  convulsion,  of  course,  decides  the 
question,  but  where  the  patient's  account  is  all  we  have  to  guide  us,  we 
must  make  our  diagnosis  from  the  general  features  of  the  case,  not  forgetting 
that  the  one  disease  may  unquestionably  pass  into  the  other,  and  that  some 
attacks  seem  to  be  of  intermediate  nature. 

A  diagnostic  difficulty  of  another  kind  arises  in  cases  in  which  the  sub- 
jects of  migraine  become  affected  with  some  other  malady,  and  the  symp- 
toms of  the  former  continue  and  complicate  the  latter.  Thus  one  patient 
was  attacked  with  Bright's  disease  ;  he  had  retinal  changes  and  optic  neu- 
ritis, and  the  intensity  of  the  headache  led  to  a  diagnosis  of  intracranial 
tumor.  But  the  pain  was  purely  paroxysmal,  and  of  the  same  character  as 
that  to  which  he  had  been  long  liable.  The  opinion  that  there  was  no 
organic  cerebral  disease  was  confirmed  after  death.  In  another  case,  a 
subject  of  migraine  became  affected  with  general  paralysis  of  the  insane, 
and  the  sensory  disturbance  that  had  preceded  the  attacks  of  headache 
occurred  alone,  and  complicated  the  paroxysmal  symptoms  of  the  cerebral 
disease. 

Prognosis. — The  prospect  of  recovery  from  migraine,  that  is  of  the 
entire  cessation  of  the  attacks,  is  never  considerable.  It  is  best  in  the  rare 
cases  in  which  the  malady  is  of  short  duration,  and  in  which  there  is  some 
removable  condition  in  the  general  health  or  mode  of  life,  which  has  dis- 
tinctly contributed  to  the  production  of  the  malady.  The  longer  the 
disease  has  lasted  the  less  is  the  prospect  of  improvement,  and  hereditary 
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tendency  has  also  an  unfavorable  influence  on  the  prognosis.  In  the  second 
half  of  life  the  tendency  to  cessation  is  greater  than  in  the  first  half.  In  no 
case,  however,  in  which  the  disease  is  well  established,  is  it  likely  that  the 
attacks  will  altogether  cease,  but,  on  the  other  hand,  in  all  cases  there  is  a 
fair  prospect  that  the  attacks  will  be  rendered  less  frequent  and  less  severe 
by  judicious  and  persevering  treatment. 

Treatment. — If  any  error  in  mode  of  life  or  defect  in  general  health 
can  be  traced,  the  removal  of  this  is  the  first  and  most  essential  step  in 
treatment.  The  details  vary  in  every  case,  but  the  most  frequent  con- 
ditions that  need  attention  have  been  already  indicated  in  the  account 
of  the  causes  of  the  disease.  Of  especial  importance  are  increased  rest, 
regularity  in  meals,  attention  to  diet;  whatever  is  known  to  induce  a 
paroxysm  should  be  carefully  avoided.  Hot,  crowded  rooms  are  especially 
injurious. 

The  special  treatment  consists  first  in  the  continuous  administration  of 
drugs,  with  the  object  of  rendering  the  attacks  less  frequent  and  less  severe, 
and,  secondly,  the  treatment  of  the  attacks  themselves.  The  influence  of 
drugs  is  singularly  variable.  That  which  does  great  good  in  one  case  will 
fail  in  another,  apparently  quite  similar.  The  influence  of  bromide  in  epi- 
lepsy naturally  leads  us  to  turn  first  to  this  as  likely  to  be  of  service  in  a 
malady  that  has  so  many  features  in  common  with  that  disease.  In  some 
cases  it  is  certainly  of  service,  but  far  less  often  than  might  be  expected.  It 
is  most  likely  to  be  efficacious  in  the  cases  in  which  there  is  no  change  in  the 
color  of  the  face,  or  in  which  the  face  is  flushed  throughout  an  attack.  In 
the  majority  of  cases,  and  especially  in  those  in  which  there  is  conspicuous 
pallor  during  the  attack,  the  drug  that  has  most  influence  is  nitro-glycerine. 
Given  regularly  during  the  intervals,  just  as  bromide  is  given  for  epilepsy,  it 
has  a  striking  effect  in  many  patients,  rendering  the  attacks  far  slighter  and 
far  less  frequent,  and  occasionally  stopping  them  altogether.  It  should  be 
given  twice  or  three  times  a  day,  after  food.  If  taken  when  the  stomach  is 
empty  it  passes  rapidly  into  the  blood,  and  may  cause  brief  cephalic  dis- 
comfort, which,  though  not  objectionable  in  itself,  sometimes  deters  the 
patient  from  continuing  the  medicine.  To  avoid  causing  alarm,  it  is  there- 
fore desirable  to  begin  with  a  small  dose,  T^,  Tfo,  or  even  ^  of  a  grain. 
By  far  the  most  convenient  mode  of  prescribing  it  is  in  the  i  per  cent,  solu- 
tion in  alcohol,  which  can  be  given  in  combination  with  tinctures  or  acids, 
but  is  decomposed  by  alkalies.  A  very  useful  combination  is  with  tincture 
of  nux  vomica,  tincture  of  gelsemium,  and  dilute  phosphoric  acid.  If  there 
is  much  dyspepsia  it  may  be  given  with  hydrochloric  acid,  and  some  liquid 
preparation  of  pepsine.  The  trisnitrate  of  bismuth  may  also  be  given  with 
it.  I  have  found  such  combinations  of  the  liquid  preparation  of  nitro-glyce- 
rine with  other  drugs  far  more  useful  than  the  administration  of  nitro-glyce- 
rine in  tablets.  It  is  not  well  to  continue  it  during  an  attack ;  at  the  very 
onset  a  dose  may  be  taken,  but  if  this  is  not  effective  the  medicine  should 
be  omitted  till  the  attack  is  over ;  it  seldom  gives  relief  to  the  symptoms, 
and  occasionally  makes  them  worse.     It  is  possible  that  the  drug  acts  chiefly 
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by  periodically  flushing  the  nerve  centres  with  arterial  blood,  and  so  improv- 
ing the  nutrition  and  the  function  of  the  nerve  cells.  A  purgative  at  the 
onset  will  occasionally  cut  an  attack  short  in  some  patients,  but  more  often 
it  fails. 

During  the  attack,  absolute  rest  is  essential,  and  is  indeed  impressed  on 
the  patient  by  the  distress  occasioned  by  activity.  The  recumbent  posture 
is  generally  that  in  which  the  sufferer  is  most  comfortable.  All  strong  sen- 
sory impressions  should  be  avoided.  Although  a  dose  of  alcohol  or  of  nitro- 
glycerine will  occasionally  cut  short  a  commencing  attack,  when  the  head- 
ache is  developed,  it  is  usually  increased  by  drugs  that  dilate  the  vessels  or 
excite  the  heart.  Most  relief  is  afforded  to  the  pain  by  a  good  dose  (thirty 
or  forty  grains)  of  bromide,  and  its  effect  is  increased  by  the  addition  of  five 
or  ten  minims  of  tincture  of  Indian  hemp  ;  this  may  be  repeated  every 
two  or  three  hours.  Twenty  grains  of  chloral,  or  fifteen  of  butyl-hydrate 
(croton-chloral)  usually  makes  the  patient  drowsy  and  easier  for  a  time,  but 
after  an  hour  or  two  the  pain  returns  in  its  former  severity,  and  the  duration 
of  the  attack  does  not  seem  to  be  lessened.  The  same  is  true  of  most  other 
sedatives.  A  hypodermic  injection  of  morphia  often  acts  no  better  than 
other  sedatives,  but  occasionally  it  does  give  great  relief,  and  may  end  an 
attack  that  has  already  nearly  run  its  course.  When  there  is  much  mental 
depression  during  the  attack,  valerian  and  asafcetida  have  been  found  useful 
by  Latham.  Drugs  that  cause  contraction  of  the  arteries  are  almost  power- 
less ;  all  that  a  full  dose  of  efgotin  does  is  to  lessen  the  throbbing  intensifi- 
cation of  the  pain  complained  of  by  some  patients.  Strong  tea  and  coffee 
are  popular  remedies,  and  occasionally  give  some  distinct  relief,  which  may 
also  be  obtained  by  a  few  grains  of  caffeine.  Guarana  (the  powdered  seeds 
of  Paullinia  sorbilis)  has  been  introduced  for  the  treatment  of  migraine.  It 
contains  an  active  principle,  guaranine,  which  is  identical  with  caffeine.* 
Three  or  four  doses,  of  twenty  or  thirty  grains  each,  may  be  taken  at  inter- 
vals of  half  an  hour,  or  a  single  dose  of  sixty  grains,  or  guaranine  may  be 
given  in  doses  of  one  to  five  grains.  It  has,  for  the  most  part,  disappointed 
the  expectations  that  were  raised  by  the  praises  at  first  bestowed  upon  it. 
Some  relief  is  often  given  to  the  pain,  but  the  relief  is  transient  only,  and  it 
is  doubtful  whether  guarana  is  really  more  effective  than  tea  and  coffee. 
Antipyrin,  in  ten-  or  fifteen-grain  doses,  has  also  been  recently  recom- 
mended. 

Local  applications  sometimes  afford  slight  relief — sedative  liniments  of 
belladonna,  aconite,  etc.,  or  simple  counter-irritation  by  a  mustard  plaster 
to  the  nape  of  the  neck.  Solid  menthol  is  occasionally  useful,  rubbed  on 
the  skin  for  a  few  minutes  where  the  pain  is  greatest,  but  it  is  too  feeble  an 
agent  to  have  much  influence  on  any  severe  pain.  Sometimes  relief  is 
afforded  by  a  hot  bath  of  mustard  and  water  to  the  feet,  and  in  all  cases  it  is 
well  to  keep  the  extremities  warm. 

*  Guarana  contains  twice  as  much  of  the  alkaloid  as  tea,  and  five  times  as  much  as 
coffee. 
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Electricity  is  not  often  of  service.  Faradaism  usually  does  harm.  The 
voltaic  current  passed  through  the  head  occasionally  gives  transient,  but 
rarely  permanent,  -relief.  Repeated  galvanization  of  the  sympathetic  has 
been  recommended  in  Germany  as  a  remedial  measure,  one  pole  pressed 
deeply  in  front  of  the  sterno-mastoid,  the  other  held  in  the  hand,  and  it  is 
advised  that  when  the  symptoms  of  vasomotor  spasm  predominate,  the  posi- 
tive pole  should  be  placed  over  the  sympathetic,  and  the  negative  when 
there  is  evidence  of  vasomotor  paralysis  (Berger,  Horst).  The  value  of  the 
treatment  is  very  doubtful. 


HEADACHE. 

Headache  is  a  symptom  of  almost  all  kinds  of  morbid  states  of  the  sys- 
tem, and  can  scarcely  ever  be  regarded  as,  in  itself,  a  definite  disease. 
Nevertheless,  it  is  a  symptom  for  which  patients  seek  treatment  more  often 
than  for  any  other  of  equally  varied  causation.  Hence,  it  may  be  useful  to 
indicate  the  chief  varieties  that  are  met  with,  and  briefly  to  describe  the 
symptom  in  its  purely  functional  form.  As  an  indication  of  organic  disease 
it  has  been  already  described. 

We  know  almost  nothing  of  the  structures  in  which  the  pain  of  headache 
is  felt,  or  the  mechanism  of  its  production  (see  p.  529).  The  subject  is  one 
on  which  it  is  easy  to  theorize,  but  there  are  no  facts  that  give  to  any 
hypothesis  a  considerable  degree  of  probability.  One  conclusion  is,  how- 
ever, suggested  by  the  symptoms,  and  that  is,  that  the  seat  of  the  pain 
varies  considerably  in  different  cases.  Outside  the  skull  are  nerves  that  fre- 
quently give  rise  to  pain,  but  all  pain  that  corresponds  to  the  course  or  dis- 
tribution of  nerve  trunks  must  be  regarded  as  a  neuralgia  and  not  as  head- 
ache. Some  diffuse  headaches  seem  superficial  in  character,  but  if  this  is  a 
trustworthy  indication  of  their  origin,  they  may  still  be  due  to  processes  not 
in  the  nerves,  or  the  gray  matter  in  which  the  nerves  directly  end  (which  is 
supposed  to  be  deranged  in  neuralgia),  but  in  higher  centres  of  the  cerebral 
hemispheres  through  which  the  superficial  pain  is  perceived.  More  fre- 
quently, headache  seems  to  be  deeply  seated,  and  the  pain  is  referred  to 
structures  within  the  cranium.  Of  such  structures  the  membranes,  when 
inflamed,  are  the  seat  of  intense  pain,  which  is  probably  really  produced  in 
them,  because  other  organic  disease,  such  as  a  tumor,  which  is  seated  at  the 
surface  of  the  brain  and  involves  the  membranes,  may  also  cause  intense 
pain  corresponding  in  seat  to  the  disease.  Whether  pain  is  produced 
directly  by  morbid  states  of  the  cerebral  tissue  we  cannot  say.  We  are 
certainly  not  justified,  however,  in  denying  the  possibility  of  this  seat  of 
pain  (see  p.  529.) 

When  pain  is  felt,  in  whatever  part  the  nerve  processes  occur  that 
cause  it,  the  consciousness  of  pain  arises  during  the  activity  of  certain  nerve 
cells  of  the  cortex  of  the  brain.  In  pain  that  is  produced  in  the  limbs,  for 
instance,  the  cortical  cells  concerned  are  those  that  are  related  to,  and 
receive  impressions  from,  the  fibres  by  which  the  sensory  impulses  pass  from 
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the  periphery.  The  same  relation,  of  course,  obtains  in  the  case  of  sensory- 
impressions  from  the  head  itself — from  the  structures  covering  the  head,  from 
the  bone,  probably  from  the  membranes.  The  pain*  of  meningitis,  for 
instance,  if  due  to  the  irritation  of  the  meningeal  nerves,  must  be  perceived 
by  means  of  the  activity  of  those  cells  in  the  cortex  that  receive  the  impres- 
sions from  the  membranes.  Whether  there  is  such  a  representation  in  the 
cortical  cells,  of  the  brain  itself  we  do  not  know.  Sympathetic  nerve  fibres 
accompany  the  arteries  of  the  cerebral  substance,  and  there  is  reason  to 
believe  that  the  functional  state  of  the  cortex  influences  the  state  of  its  arte- 
ries (as  is  the  case  in  all  other  organs),  and  this  must  mean  a  relation  of  the 
cells  of  the  cortex  to  the  vasomotor  centre ;  hence,  it  is  quite  possible  that 
there  may  be  a  sensory  representation  of  the  cortex  in  the  cortex  itself,  but 
of  this  we  cannot  feel  so  confident  as  of  a.  sensory  representation  of  the 
membranes.  The  phenomena  of  epilepsy  seem  to  show  that  the  central  rep- 
resentation of  the  head,  and  perhaps  of  the  brain  itself,  is  connected  in  a 
special  manner  with  the  structures  related  to  the  mental  state  of  conscious- 
ness. It  is  very  common  for  an  aura,  felt  first  in  the  epigastrium  or  limbs, 
to  seem  to  ascend  to  the  head,  and  when  it  reaches  the  head  consciousness 
is  almost  invariably  lost.  The  aura  is  the  result  of  the  spread  of  the  dis- 
charge in  the  brain,  and  the  phenomena  indicate  that  the  central  sensory 
representation  of  the  head  has  a  special  importance,  and  it  may  be  that  it 
has  a  special  susceptibility.  But  a  functional  derangement  of  the  cortical 
cells  in  which  the  membranes  are  represented  would,  by  itself,  explain  many 
forms  of  headache. 

It  may  be  held,  indeed,  that  the  primary  derangement  in  headache  is  not 
of  the  highest  sensory  cells,  but  of  the  cells  of  lower  centres,  to  which,  for 
instance,  the  nerves  of  the  membranes  directly  pass,  but  this  view  is  less 
easy  to  reconcile  with  the  difference  between  headaches  and  the  true  cra- 
nium neuralgias  (in  which  the  lower  cells  are  probably  concerned),  and  also 
with  the  resemblance  often  observed  between  the  headache  of  organic  and  of 
functional  origin. 

Another  mysterious  factor  in  the  mechanism  of  headache  is  the  influence 
of  the  vessels.  It  is  probable  that  mere  vascular  dilatation,  passive  or  active, 
will  cause  pain  ;*  it  is  certain  that  pain  already  existing  is  increased  by  even 
trifling  mechanical  congestion.  We  do  not  know  how  the  vascular  dilata- 
tion causes  pain.  There  are  no  facts  to  show  that  the  nerves  of  the  vessels 
ever  become  sensitive.  It  is  certain,  however,  that  the  intracranial  pressure 
must  be  increased  by  the  dilatation,  since,  however  quickly  the  movement 
of  the  cerebro-spinal  fluid  may  compensate  for  vascular  repletion,  this  move- 
ment is  due  to  the  mechanical  pressure  from  the  vessels,  and  this  pressure 
must  act  on  the  whole  brain.  We  know  how  sensitive  nerve  fibres  are  to 
pressure ;  it  is  highly  probable  that  their  sensitiveness  is  vastly  exceeded  by 
that  of  nerve  cells.     If  the  sensory  cells  of  the  cortex,  in  which  the  cra- 


*  It  is  certain  that  pain  results  from  mechanical  congestion,  but  we  cannot  separate  the 
effects  of  the  slate  of  the  vessels  and  the  increased  amount  of  venous  blood  in  the  brain. 
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nial  and  intracranial  sensitive  structures  are  represented,  are  the  most  readily 
influenced  of  all  the  sensory  cells,  we  can  understand  that  headache  should 
result  from  vascular  repletion. 

The  frequency  with  which  pain  due  to  general  causes  is  referred  to  the 
frontal  region  is  very  peculiar,  and  does  not  seem  to  be  susceptible  of  any 
satisfactory  explanation.  It  is  occasionally  a  feature  of  the  pain  of  organic 
disease,  such  as  a  tumor,  situated  away  from  the  frontal  region. 

Varieties. — Toxsemic  headache  may  be  the  effect  of  either  acute  or 
chronic  blood  states.  Of  the  acute  form,  the  typical  example  is  that  of 
fever,  in  which  the  pain  is  generally  frontal,  rarely  occipital  or  general,  and 
scarcely  ever  vertical  or  one-sided.  In  slight  cases  it  may  have  a  neuralgic 
character  for  a  short  time,  and  may  be  felt  in  one  part  of  the  head,  as  the 
temple,  but  this  form  is  usually  transient.  The  pain  is  commonly  dull  in 
character,  but  often  very  severe,  and  is  rendered  worse  by  stooping  or  by 
whatever  causes  mechanical  congestion  of  the  head.  The  deep-seated  char- 
acter of  the  pain  suggests  that  it  is  referred  to  some  intracranial  structure. 
There  is  no  evidence  that  it  depends  on  any  vascular  state  ;  the  increase  by 
mechanical  congestion  is  a  common  feature  of  almost  all  nerve  pains. 

Many  poisonous  substances  cause  headache  as  one  of  their  toxic  effects, 
especially  when  the  dose  is  small,  or  as  an  after-effect  of  large  doses.  Some 
of  these  poisons,  such  as  nitrite  of  amyl  and  nitro-glycerine,  dilate  the  ves- 
sels, and  the  pain  may  be  in  part  or  altogether  the  effect  of  the  active  con- 
gestion produced,  but  it  is  also  possible  that  the  pain  is  the  direct  effect 
of  the  agent  on  the  nerve  elements,  and  the  congestion  merely  increases  it. 
The  inhalation  of  a  small  quantity  of  ether,  as,  for  instance,  when  the  air 
of  a  room  is  charged  with  it  in  moderate  degree,  generally  causes  headache, 
which  seems  to  be  the  direct  effect  of  the  ether,  since  it  is  not  attended  b.y 
any  sign  of  vascular  distention. 

Chronic  toxaemic  states  often  cause  very  severe  headache,  which  may  be 
quite  intractable  unless  its  cause  is  discovered.  In  uraemia,  for  instance, 
there  is  often  intense  headache,  usually  frontal  and  continuous,  but  with 
occasional  exacerbations.  It  is  sometimes  increased  by  alcohol  in  a  special 
manner,  but  this  is  a  feature  also  of  some  other  forms.  The  severity  of  the 
pain  has  many  times  given  rise  to  an  erroneous  diagnosis  of  cerebral  tumor 
in  cases  in  which  there  is  albuminuric  optic  neuritis.  Headache  also  results 
from  diabetes,  and  from  chronic  alcoholism,  and  from  lead  poisoning. 

Congestive  headache  is  often  produced  by  mechanical  hindrance  to  the 
return  of  blood  from  the  head.  It  is  generally  frontal,  but  sometimes  gen- 
eral. A  tight  collar,  for  instance,  or  rest  with  the  neck  so  bent  as  to  com- 
press the  veins,  frequently  causes  slight  headache  of  this  character.  The 
repeated  mechanical  congestion  produced  by  cough  is  another  frequent 
cause,  and  may  even  occasion  the  patient  more  distress  than  the  cough  itself. 
Mechanical  congestion  not  only  distends  the  veins  but  causes  over-filling  of 
the  capillaries,  and  increases  the  amount  of  venous  blood  in  the  brain.  Thus 
there  are  several  factors  at  work  to  which  the  pain  may  be  due.  Active  con- 
gestion of  every  kind  also  gives  rise  to  pain  very  similar  to  that  produced  by 
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passive  hyperemia,  but  more  distinctly  throbbing  in  character.  The  action 
of  poisons  that  dilate  the  vessels  has  been  already  mentioned. 
,  Gastric  disturbance  is  another  exceedingly  common  cause.  The  pain  is 
most  frequently  occipital  or  vertical ;  now  and  then  it  is  frontal.  Some- 
times there  is  slight  pain  of  a  neuralgic  character;  the  severe  neuralgic  head- 
aches associated  with  vomiting  cannot,  as  we  have  seen,  be  ascribed  to  gas- 
tric influences.  We  do  not  know  by  what  mechanism  stomach  disorder 
causes  headache— whether  it  is  by  some  influence  on  the  cerebral  vessels,  or 
whether  by  absorption  of  some  toxic  material  "from  the  stomach  or  bowel — 
some  morbid  secretion,  or  product  of  the  imperfect  digestion  of  food,  or 
altered  bile.  A  purgative  often  relieves  the  pain,  and  old  theories  regarded 
the  bile  as  an  influential  agent  in  the  production  of  this  and  other  symptoms, 
but  when  there  is  much  bile  circulating  in  the  blood,  as  in  jaundice,  head- 
ache is  usually  trifling  or  absent. 

Neuralgic  headache  constitutes  one  of  the  most  common  varieties.  The 
subjects  of  neuralgia  often  suffer  from  continuous  or  occasional  pain  in  the 
head,  which  may  be  felt  in  any  part,  sometimes  general  but  more  often  local, 
and  not  distinctly  paroxysmal.  Such  headache  is  especially  common  in 
hysteria.  Many  forms,  such  as  the  sensation  of  a  nail  being  driven  into  the 
vertex,  are  intermediate  between  neuralgia  and  headache.  A  common 
cause  of  neuralgic  frontal  headache  is  the  use  of  the  eyes  when  there  is 
hypermetropia.  The  strain  in  the  ciliary  muscle  seems  to  be  the  immediate 
excitant.  The  pain  goes  off"  when  the  use  of  the  eyes  for  near  objects  is 
discontinued. 

Anasmic  headache  is  met  with  in  both  common  anaemia,  especially  in 
chlorosis,  and  also  in  cases  in  which  much  blood  has  been  lost.  In  chlorosis 
it  is  especially  intense.  The  pain  is  frontal  or  general ;  sometimes  it  is 
peculiarly  intense  at  the  back  of  the  eyes,  and  is  accompanied  by  a  sensation 
as  if  the  eyes  were  being  dragged  back  into  the  head.*  Neuralgic  headache 
and  true  neuralgias  of  all  kinds  are  also  common  under  the  same  conditions. 

Brain  work  and  brain  exhaustion  are  other  common  causes ;  sometimes 
there  has  been  an  amount  of  brain  work  that  is  absolutely  excessive  ;  in  other 
cases  the  amount  has  not  been  large,  but  is  excessive  on  account  of  the  defi- 
cient nerve  strength  of  the  individual.  Pain  from  this  cause  is  often  general, 
sometimes  local,  and  then  generally  felt  in  the  forehead.  Occasionally  a 
very  intense  form  of  headache  results,  especially  where  there  has  been  an 
acute  break-down  from  overwork.  It  may  even  be  so  severe  as  to  cause  a 
suspicion  of  meningitis. 

In  various  conditions  of  nervous  weakness,  "neurasthenia,"  as  it  is  now 

*  The  fact  that  optic  neuritis  may  result  from  anjemia  is  of  great  interest  in  connection 
with  the  occurence  of  headache,  since  it  shows  that  the  disturbance  of  the  nerve  elements 
may  be  more  than  functional,  and  suggests  that  their  nutrition  may  be  impaired  in  cases  of 
apparently  functional  disturbance.  It  is  noteworthy  that  in  Bright's  disease,  when  optic 
neuritis  preponderates  over  retinal  changes,  headache  is  often  severe,  a  circumstance  that 
increases  the  readiness  with  which  an  erroneous  diagnosis  of  intracranial  disease  may  be 
made. 
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termed,  headache  is  also  common,  and  may  have  almost  any  seat  or  char- 
acter. Many  cases  in  young  girls  are  really  of  this  character,  and  are  often 
associated  with  symptoms  of  hysteria:  the  headache  is  then  called  hysterical, 
but  it  is  doubtful  whether  there  is  any  closer  association  with  that  disease 
than  the  state  of  defective  nerve  strength  which  underlies  both  conditions. 
Many  of  the  slighter  continuous  headaches  associated  with  nervous  weakness 
are  largely  maintained  by  attention,  as  is  the  case  in  even  greater  degree  with 
the  cephalic  sensations  presently  to  be  described. 

Diagnosis. — The  diagnosis  of  the  form  and  nature  of  headache  consists 
first  in  the  search  for  any  general  condition  on  which  it  may  depend.  It  is 
important  to  note  the  time  at  which  the  pain  comes  on,  its  relation  to  food, 
to  mental  work,  and  to  other  influences  that  may  possibly  be  concerned  in 
its  causation.  The  general  state  of  the  patient  must  also  be  carefully  inves- 
tigated, and  the  effect  of  various  influences  in  augmenting  or  reducing  the 
pain.  Anaemic  headaches,  for  instance,  are  often  relieved  by  the  recumbent 
posture;  those  of  congestive  or  toxemic  origin  are  generally  increased  by 
stooping  or  effort  or  mechanical  congestion,  but  not  always  by  simple  recum- 
bency, which,  perhaps  through  the  rest  it  involves,  often  lessens  the  pain, 
and  does  so,  also,  in  cases  of  neuralgic  nature.  The  seat  of  the  pain  is  often 
suggestive,  but  too  much  weight  must  not  be  placed  on  this  indication,  since 
many  variations  are  met  with.  The  pain  produced  by  acute  blood  states, 
such  as  fever,  is  generally  frontal  and  deeply  seated,  and  is  increased  by 
cough  and  movement.  The  forehead  is  also  a  frequent  seat  of  neuralgic 
headaches;  these  are,  however,  generally  superficial  in  character,  and  are 
often  felt  just  over  the  eyebrows.  Pain  of  gastric  origin  is  also  sometimes 
frontal.  Pain  in  one  or  both  temples  is  generally  neuralgic,  and  so  are  all 
onesided  headaches.  Occipital  pain,  deeply  seated,  is  more  often  due  to 
disturbance  of  the  stomach  than  to  any  other  cause.  Vertical  headache  is 
seldom  due  to  blood  states;  occasionally  it  is  of  gastric  origin,  but  when 
very  limited,  it  is  usually  neuralgic.  General  headache  may  be  of  almost  any 
nature;  it  is  often  due  to  toxaemic  conditions,  anaemia,  and  conditions  of 
nervous  weakness.  It  must  be  remembered  that  blood  states  which,  on 
account  of  their  slight  degree  or  other  causes,  do  not  produce  actual  head- 
ache, sometimes  cause  slight  neuralgic  pains. 

Treatment. — The  most  important  element  in  the  treatment  of  headache 
is  the  discovery  and  removal,  as  far  as  possible,  of  the  general  condition  on 
which  it  depends.  The  measures  necessary  for  this  object  must  vary  with 
each  variety  of  headache,  and  cannot  here  be  even  enumerated.  Attempts 
to  relieve  the  headache  by  direct  treatment  usually  fail  unless  the  cause  is 
discovered  and  removed.  It  is  important  that  in  all  cases  except  those  in 
which  these  is  evidence  of  anaemia,  the  patient  should  sleep  with  the  head 
well  raised,  and  with  the  shoulders  raised  as  well  as  the  head,  so  that  there  is 
no  compression  of  the  cervical  veins  by  flexion  of  the  neck.  .Most  forms  of 
headache,  except  those  of  neuralgic  nature,  are  relieved  by  aperients,  which 
probably  act,  partly  by  lessening  the  amount  of  blood  in  the  cephalic  vessels, 
and  partly  by  improving  the  state  of  the  blood.     Diuretics  are  useful  in  many 
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toxemic  headaches.  The  treatment  of  the  neuralgic  forms  is  similar  to  that 
of  pure  neuralgia. 

Headache  of  every  kind  is  often  relieved,  although  seldom  removed,  by- 
external  applications  that  sting  the  skin.  Chloroform,  or  any  stimulant  lini- 
ment, will  answer  the  purpose,  provided  evaporation  is  prevented  by  an 
impermeable  tissue.  Bisulphide  of  carbon  has  been  recommended  for  the 
purpose,  but  it  does  not  seem  to  have  any  special  value.  Mustard  plasters  to 
the  back  of  the  head  are  useful  when  the  pain  is  occipital.  Slight  neuralgic 
pain  about  the  forehead  is  often  removed  by  the  application  of  menthol, 
which  is  especially  useful  when  such  pain  is  just  enough  to  prevent  sleep; 
after  the  menthol  has  been  rubbed  on,  the  patient  will  often  sleep,  and  wake 
up  free  from  pain. 

Sedatives  are  very  uncertain  in  their  influence.  Opium  and  morphia  are 
seldom  useful,  and  often  do  more  harm  than  good,  in  consequence  of  the 
indirect  effect  of  the  constipation  that  is  produced.  Gelsemium  and  Indian 
hemp  frequently  lessen  the  pain,  the  former  chiefly  in  neuralgic  forms  about 
the  front  of  the  head,  the  latter  not  only  in  neuralgic,  but  in  anaemic,  and 
also  other  ill-defined  forms  of  headache.  Bromide  of  potassium  may  be 
given  in  addition  to  the  Indian  hemp,  if  there  is  restlessness,  irritability  or 
insomnia,  but  has  not  alone  much  influence  on  the  pain.  Butyl-chloral  is 
occasionally  serviceable.  It  must  be  remembered,  however,  that  these  pallia- 
tive measures  should  only  be  regarded  as  adjuncts  to  the  causal  treatment. 

HEAD  PRESSURE  AND  OTHER  CEPHALIC  SENSATIONS. 

It  is  common  for  patients  to  suffer  from  various  more  or  less  distressing 
sensations  in  the  head,  which  have  not  the  character  of  actual  pain.  These 
sensations  are  much  more  frequent  in  men  than  in  women.  They  occur 
chiefly  during  the  first  half  of  adult  life,  between  twenty  and  forty,  but  are 
sometimes  complained  of  by  lads  of  sixteen  or  eighteen,  and  occasionally 
by  persons  in  the  second  half  of  life,  at  fifty  or  sixty.  In  late  life  they  are 
relatively  more  common  in  females,  coming  on  sometimes  after  the  cessation 
of  the  menses,  at  the  "  climacteric  period."  Brain-workers  are  chiefly  liable 
to  these  sensations  ;  they  are  seldom  met  with  among  those  who  earn  their 
living  by  manual  labor/  and  hence  are  rarely  complained  of  by  hospital 
patients.  Many  of  the  sufferers  are  the  subjects  of  pronounced  hypochon- 
driasis, who  attend  to  their  sensations,  and  often  complain  of  other  kinds  of 
nerve  disturbance.  Excessive  brain  work  is  often  the  distinct  exciting  cause 
of  the  symptoms  j  in  other  cases  they  succeed  a  definite  headache,  of  short 
or  long  duration,  severe  or  slight.  I  have  known  the  sensation  to  follow  a 
blow  on  the  top  of  the  head.  It  is  sometimes  associated  with  a  gouty  state 
of  the  system. 

The  sensations  vary  in  different  cases,  but  by  far  the  most  frequent  is  a 
sense  of  pressure,  sometimes  trifling,  sometimes  as  if  a  heavy  weight  were  on 
the  head,  and  occasionally  as  if  the  top  of  the  skull  were  being  driven  in. 
Many  patients  describe  the  sensations  in  language  that  is  clearly  exaggerated, 
so  that  it  may  not  be  easy  to  ascertain  the  actual  intensity  of  the  sensation, 
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but  it  is  certainly  often  very  distressing.  It  may  be  called  "  headache  "  or 
"  pain,"  but  however  intense  it  is,  inquiry  shows  that  the  sensation  has  not 
the  character  of  actual  pain,  either  acute  or  dull.  Its  common  seat  is  the 
vertex  and  top  of  the  head,  but  it  is  sometimes  felt  at  the  back  of  the  head, 
less  commonly  in  the  forehead.  One  patient  described  the  sensation  as  a 
feeling  as  if  there  were  an  iron  band  round  the  back  of  the  head.  Some- 
times it  is  lateral,  in  the  parietal  region  or  the  temples,  "as  if  the  sides  of 
the  head  were  being  driven  in."  Much  less  common  is  the  opposite  sensa- 
tion, a  feeling  of  expansion,  as  if  the  bone  of  the  skull  were  being  pushed 
out  or  up.-  A  sensation  of  heat  or  burning,  not  amounting  to  pain,  is  some- 
times described.  A  vague  sense  of  fullness  is  not  uncommon,  and  it  is 
sometimes  accompanied  by  a  sense  of  throbbing ;  in  other  cases,  again,  the 
feeling  is  said  to  be  as  if  the  skull  were  empty.  Various  other  sensations 
are  occasionally  described,  which  the  patient,  in  default  of  adequate  terms, 
describes  by  some  simile  beyond  the  range  of  ordinary  experience,  such  as 
"  a  feeling  as  if  the  brains  were  being  stirred  up  with  a  stick,"  or  "  as  if  red- 
hot  coals  had  been  placed  on  the  brain,"  or  "as  if  the  head  were  being 
alternately  opened  and  shut."  Occasionally,  some  superficial  sensation  of 
tingling,  creeping,  etc.,  is  complained  of  in  some  part  of  the  head,  some- 
times symmetrical.  The  sensation  is  often  uniform  in  the  same  case,  and 
may  continue  unchanged  for  many  years. 

Less  commonly  the  patient  has  first  one  sensation  and  then  another.  The 
sense  of  pressure  may  seem,  when  most  intense,  to  give  rise  to  dull,  actual 
pain.  The  discomfort  is  commonly  increased  by  brain  work,  and  often  by 
any  unpleasant  emotion,  while  it  may  be  unnoticed  when  the  mind  is  occu- 
pied by  some  agreeable  subject.  It  is  often  only  observed  when  the  patient 
is  indoors  and  is  unfelt  when  he  is  out  in  the  open  air. 

The  chief  agency  in  the  production  of  these  sensations  is  certainly  the 
mental  state  of  the  patient.  There  is  probably  at  the  outset  some  actual 
sensory  impression,  often  some  headache,  and. the  attention  is  constantly 
directed  to  the  part,  with  the  result  that  the  patient  perceives  sensations 
which,  under  normal  circumstances,  would  be  unperceived.  Nerve  impulses, 
in  health  unnoticed,  must  be  continually  passing  from  all  parts  to  the  centres, 
and  they  may  be  readily  perceived  if  attention  is  directed  to  them.  A 
person  imagines  that  he  is  unconscious  of  his  body  and  limbs,  but  let  him 
direct  his  attention  to  any  part,  and  in  a  few  moments  he  will  be  conscious 
of  a  distinct  sensation  in  it,  and  with  especial  readiness  of  sensations  in  the 
head.  If  the  reader  will  direct  his  attention  to  the  vertex,  he  will  probably 
soon  be  able  to  detect  a  distinct  sense  of  pressure  there,  especially  if  he  is 
fatigued  or  has  been  .engaged  in  mental  work.  It  is  easy  to  understand  that 
.  such  a  sensation  may  be  increased,  by  constant  attention,  to  an  unpleasant 
and  even  distressing  degree,  especially  if  some  real  sensation  originally 
"  drew  "  the  attention  to  the  part,  and  if  the  individual  is  in  feeble  health, 
or  of  a  nervous  temperament.  The  physical  side  of  "  attention  "  is  a  lower- 
ing of  resistance  in  nerve  cells,  so  that  they  are  more  readily  aroused  to 
activity,  and  their  activity  is  greater  than  normal.     Thus  the  ultimate  result 
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may  be  the  same  as  if  the  afferent  nerve  impulses  were  increased  in  energy, 
and  a  sensation  is  produced  by  nerve  processes  that  should  be  unperceived. 
The  condition  may  be  described  as  a  "  receptive  dysesthesia. ." 

Rarely,  when  the  sensation  is  at  the  worst,  there  is  slight  tenderness  of 
the  scalp.  Although  the  sensations  are  usually  constant,  in  exceptional  cases 
they  are  paroxysmal,  and  then  may  be  accompanied  by  some  general  nervous 
excitement  and  insomnia.  It  is  common  for  the  patient  to  say  that  sleep 
does  not  refresh  him.  There  is  occasionally,  also,  a  little  mental  confusion. 
An  inability  to  concentrate  the  mind  on  a  particular  subject,  and  a  little 
consequent  failure  of  memory,  is  often  described,  but  is  merely  the  result  of 
the  engrossing  sensation  which  obtrudes  itself  on  the  mind  and  prevents 
attention.  The  sensations  are  sometimes  distinctly  increased  by  stimulants. 
Very  rarely  there  is  slight  flushing  in  the  face  during  paroxysmal  sensations, 
but  this  is  not  common. 

Some  of  these  sufferers  complain  at  times  of  other  slight  functional  nerve 
disturbance.  An  actual  headache  may  alternate  with  the  sense  of  pressure, 
etc.  In  other  cases  there  are  occasional  sensations  of  giddiness,  almost 
always  vague  and  slight,  and  perhaps  sometimes  scarcely  real,  since  the 
patient  looks  out  for  them.  Often  it  is  merely  a  sensation  of  the  "legs 
giving  way." 

The  treatment  of  this  condition  is  a  matter  of  very  great  difficulty.  Seda- 
tive drugs  have  little  influence  upon  it,  unless  they  are  given  in  large  doses, 
and  then  their  effect  is  transient.  This  fact  is  in  harmony  with  what  has 
been  said  of  the  probable  pathology  of  the  affection.  As  long  as  the  influ- 
ence of  attention  is  at  work,  the  patient's  distress  continues,  and  the  mental 
cause  is  beyond  the  influence  of  drugs.  The  sufferer  cannot,  by  a  deliberate 
effort  of  the  will,  ignore  the  sensations  that  distress  him.  The  only  method 
of  treatment  that  is  effective  is  to  make  the  patient  realize  the  unimportant 
nature  of  the  sensations,  and  try  to  neglect  them  by  directing  his  attention 
to  other  subjects.  While  it  is  wise  for  him  to  avoid  whatever  greatly  increases 
the  sensations,  he  should  persistently  endeavor  to  "'snub"  them  rather 
than  to  cultivate  them.  When  this  effort  is  made  and  maintained,  the  dis- 
comfort slowly  ceases  to  trouble  the  patient,  and  at  least  is  no  longer 
noticed.  Unfortunately,  the  mental  constitution  of  some  patients  makes  it 
impossible  for  them  thus  to  ignore  their  sufferings ;  they  continue  to  attend 
to  the  sensations,  doubt  the  assurances  of  physicians  who  assert  the  unim- 
portant nature  of  the  sufferings,  and  seek  the  advice  of  others,  placing  most 
trust  in  those  who  pander  to  their  apprehensions  by  the  assurance  that 
the  sensations  indicate  some  grave  disease,  such  as  congestion  of  the  brain. 
Many  a  patient  of  this  class  may  be  truly  said  to  be  suffering  from  a  morbus 
medicorum,  and  his  best  chance  of  recovery  is  to  keep  away  from  doctors 
altogether.  Of  course  any  conspicuous  defect  in  general  health  should  be 
put  right ;  a  gouty  diathesis  should  be  treated  ;  distinct  nerve  weakness  may 
require  tonics ;  and  if  there  is  vertigo  or  insomnia,  bromide  with  small 
doses  of  Indian  hemp  gives  some  relief. 
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FACIAL  HEMIATROPHY. 

Facial  hemiatrophy,  as  its  name  implies,  is  a  wasting  of  one  side  of  the  face, 
in  which,  however,  the  bones  and  subcutaneous  tissue  suffer  more  than  the 
muscles.  The  precise  relations  of  the  disease  are  uncertain.  It  is  commonly 
classed  with  exophthalmic  goitre  and  migraine,  but  it  is  very  doubtful 
whether  this  is  its  true  position.  Many  facts  suggest  that  its  closest  alliance 
is  with  organic  disease  of  the  fifth  nerve.  An  instance  of  the  affection  was 
first  recorded  by  Parry  in  1825,  but  the  disease  only  received  attention  after 
it  had  been  described  by  Romberg  thirty  years  later.  It  is  a  very  rare  dis- 
ease, and  is  of  small  practical  importance  ;  it  involves  no  danger  to  life  or 
health,  and  cannot  be  influenced  by  treatment. 

Causes. — The  disease  generally  begins  in  early  life,  sometimes  in  child- 
hood, sometimes  in  the  second  decade.  It  has  been  known  to  commence 
as  early  as  two  or  three  years  of  age.  In  a  few  instances  it  has  commenced 
in  adults.  A  considerable  disparity  in  size  between  the  two  sides  of  the 
face  is  sometimes  congenital,  bnt  such  cases  are  commonly  distinguished 
from  those  that  commence  after  birth.  Females  seem  more  liable  to  the 
affection  than  males.  Most  of  the  cases  have  been  isolated,  but  in  one 
recorded  case,  an  aunt  of.  the  patient  had  suffered  from  the  same  disease. 
In  early  life  it  has  generally  come  on  without  any  exciting  cause,  but  in  a 
few  cases  in  adults  the  affection  has  succeeded  some  morbid  process,  which 
may  or  may  not  have  had  to  do  with  the  subsequent  wasting.  In  one  case, 
for  instance,  it  followed  a  blow  on  the  outer  angle  of  the  orbit ;  in  other 
cases  it  has  succeeded- acute  rheumatism  or  some  other  acute  disease.  In  one 
very  remarkable  case  the  affection  commenced  on  the  right  side  of  the  face 
after  an  attack  of  scarlatina  with  diphtheria  at  six,  and  an  attack  of  typhoid 
many  years  afterward  was  followed  by  distinct  atrophy  of  the  left  side.*  In 
many  instances  early  pain  in  the  corresponding  side  of  the  head  suggested 
some  local  morbid  process,  possibly  in  the  fifth  nerve. 

Symptoms. — A  gradual  diminution  in  the  bulk  of  one  side  of  the  face  has 
been  the  first  indication  of  the  disease  in  many  instances.  In  some,  how- 
ever, the  atrophy  has  begun  at  one  spot,  commonly  on  the  cheek,  at  which 
the  skin  has  been  observed  to  become  thin  and  pale  from  loss  of  pigment, 
and  depressed  from  the  loss  of  the  subcutaneous  tissue.  The  hairs  drop  out 
in  the  affected  parts  and  the  sebaceous  follicles  waste.  The  condition  has 
gradually  spread,  and  has  involved  the  bones.  In  the  cases  that  begin  in 
early  life  the  ultimate  difference  between  the  two  sides  of  the  face  has  been 
greater  than  in  those  that  developed  later,  a  hindrance  to  growth  increasing 
the  effect  of  the  wasting,  so  that  it  is  chiefly  in  these  cases  that  the  disparity 
in  the  size  of  the  bones  is  considerable.  In  these  cases,  also,  the  usual  growth 
of  hair  does  not  take  place  on  the  face,  although  there  may  not  be  much 
difference  in  the  anterior  part  of  the  scalp.  The  ultimate  condition  in  well- 
marked  cases  is  very  striking.  The  appearance  of  the  patient  is  as  if  the 
face  were  made  up  of  two  halves  from  different  individuals.     One  side  may 


*  Wolff,  Virchovi's  Archiv,  Bd.  94,  p.  3. 
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Fig.  326. 


have  the  fullness  of  youth,  %nd  the  other  the  furrows  of  age,  while  the  con- 
trast in  character  is  intensified  by  the  difference  in  size.  On  the  affected 
side  the  bone  of  the  forehead  and  cheek  is  considerably  smaller  than  on  the 
other  side ;  the  skin  covers  the  bone  closely  and  so  presents  depressions 
without  counterparts  on  the  opposite  half,  while  a  vertical  furrow  usually 
marks  the  transition  from  the  affected  to  the  normal  side.  The  side  of  the 
lower  jaw  may  be  only  two-thirds  the  length  of  its  fellow,  and  is  diminished 
in  depth,  so  that  the  face  appears  much  shorter.  The  cartilage  of  the  nose 
shares  the  wasting,  and  in  the  cases  that  begin  early,  it  may  be  so  small  on 
the  affected  side  as  to  render  the  nose  altogether  unsymmetrical,  the  tip 
deviating  toward  the  smaller  side;  the  teeth  are  sometimes  small,  and  may 
drop  out.  In  spite  of  the  wasting  of  other  tissues,  the  muscles  seem  to 
undergo  little  or  no  change,  either  in  size,  in  voluntary  power,  or  electrical 
excitability.  They  may  be  more  conspicuous  than  normal  in  consequence 
of  the  wasting  of  the  other  tissues.  Rarely,  however,  there  has  been  some 
wasting  of  the  muscles  of  mastication,  on  the  affected  side.  In  a  few 
instances  the  corresponding  half  of  the  tongue  and  of  the  palate  has  also 
been  wasted.'  Sensibility  is  unaffected.  It  is 
doubtful  whether  there  is  any  alteration  in  the 
size  of  the  arteries  and  veins.  The  ultimate  wast- 
ing of  the  skin  may  be  very  great ;  it  is  said  that 
a  fold  of  the  skin  on  'the  affected  side  may  be 
only  one-tenth  the  thickness  of  a  similar  fold 
on  the  other  side.  The  temperature  is  usually 
unchanged,  but  in  the  early  stage  it  has  been 
found  to  be  slightly  lessened.  The  organs  of 
special  sense  on  that  side  are  not  changed,  but 
the  eye  often  appears  retracted  in  the  orbit  in 
consequence  of  some  wasting  of  the  orbital  tissue. 
The  secretion  of  saliva  and  of  tears  is  not  affected. 
As  a  rule,  there  is  no  wasting  elsewhere,  but  a 
case  of  bilateral  atrophy  has  been  already  men- 
tioned, and  Virchow  has  described  a  typical 
hemiatrophy  of  the  face  which  was  associated  with 
an  atrophy  of  the  skin  and  subcutaneous  tissue  of  part  of  the  back  and  arm 
on  the  same  side.  In  the  back,  it  extended  from  the  fourth  to  the  seventh 
dorsal  spine,  in  the  arm  affected  chiefly  the  radial  side  of  the  forearm.  A 
curious  case  of  local  wasting  of  all  the  subcutaneous  tissues  in-  small  areas  on 
the  back  and  arm  has  been  mentioned  on  p.  359. 

The  affection,  beginning  commonly  in  early  life,  progresses  steadily  for 
some  years  and  then  becomes  stationary  and  remains  so  for  the  rest  of  life. 
The  illustration  is  the  case  of  a  man  named  Schwann,  who  exhibited  himself 
in  this  and  other  countries  a  few  years  ago  ;  he  was  then  aged  forty ;  the 
atrophy  began  in  childhood,  and  his  case  was  described  by  Romberg  in 
1851. 
Pathology.— Two  theories  have  been  held  regarding  the  nature  of  facial 
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hemiatrophy.  According  to  one  it  is  due  to  derangement  of  the  trophic 
and  vasomotor  nervous  influence ;  according  to  the  other,  it  is  a  primary 
local  wasting,  of  the  subcutaneous  cellular  tissue,  in  consequence  of  which 
the  elastic  skin  compresses  the  vessels  and  so  causes  wasting  of  the  bone  on 
the  one  hand  and  of  the  elements  of  the  skin  on  the  other.  The  latter  hy- 
pothesis involves  a  mechanism  the  efficiency  of  which  is  not  only  unproved 
but  improbable.  Wasting  of  the  corresponding  side  of  the  face  has  been 
described  by  Seeligmuller  in  a  case  of  injury  to  the  cervical  sympathetic,  but 
has  been  absent  in  most  cases  of  the  kind.*  The  most  significant  fact  of  this 
condition  is  the  limitation  of  the  atrophy  to  the  parts  supplied  by  the  fifth 
nerve.  The  significance  of  this  limitation  is  increased  by  the  fact  that  other 
symptoms  of  deranged  function  of  the  nerve  have  been  observed  at  the  onset. 
Pain  has  been  noted  in  several  instances,  and  in  one  remarkable  case  of  slight 
but  distinct  atrophy,  there  was  spasm  in  the  muscles  of  mastication  on  that 
side,  greatly  increased  by  attempts  to  open  the  mouth. f  In  another  case, 
the  affection  was  limited  to  the  parts  supplied  by  the  two  lower  divisions  of 
the  nerve,  the  first  being  free.  J  Thus  it  seems,  on  the  whole,  probable  that 
the  disease  is  due  to  some  alteration  in  the  trophic  influence  of  the  fifth 
nerve. 

The  only  condition  with  which  the  affection  can  be  confounded  is  that  in 
which  there  is  a  congenital  difference  between  the  two  sides  of  the  face.  In 
this,  however,  the  difference  is  slight,  and  on  the  smaller  side  there  is  not 
the  difference  in  the  growth  of  the  hair  or  the  color  of  the  skin  seen  in  most 
cases  of  hemiatrophy. 

There  is  no  prospect  of  improvement  except,  perhaps,  in  some  of  the  rare 
cases  that  come  on  in  adult  life  after  injury  or  are  accompanied  by  distinct 
symptoms  of  disease  of  the  fifth  nerve.  The  treatment  of  these  is  that  of 
the  disease  of  the  nerve.  In  the  cases  of  the  ordinary  type,  treatment  is 
useless. 


EXOPHTHALMIC  GOITRE. 
Exophthalmic  goitre  is  a  mysterious  malady  manifested  by  three  sets  of 
symptoms :  enlargement  of  the  thyroid,  prominence  of  the  eyes,  and  dis- 
turbance of  the  vascular  system.  These  vary  in  relative  degree  in  different 
cases,  and  any  one  of  them  may  be  inconspicuous.  The  disease  was  first 
fully  described  by  Graves  in  i83S,§  who,  while  describing  all  the  symptoms, 

*  Much  weight  has  been  placed  on  a  case  described  by  Brunner,  in  which  the  condition 
was  associated  with  prominence  of  the  eyeball  and  pallor  of  the  skin,  supposed  to  be  depend- 
ent on  an  affection  of  the  sympathetic.     But  the  case  stands  almost  alone. 

f  Penzolat,  Munch.  Med.  Wochenschr.,  1886,  No.  14. 

J  Repmann;  the  case  was  published  in  a  Russian  (Moscow)  paper;  it  is  abstracted  in 
Virchow" s  Jahresb.,  1885,  ii,  508. 

\  Cases  had  been  published  earlier;  in  1816  in  the  Medico-Chirurgical  Journal ^ anony- 
mously ;  in  1818  by  Demours  (thyroid  and  eyes  only) ;  by  Parry  in  1825  (posthumous  pub- 
lication of  a  case  observed  in  1785);  and  by  Adelmann  in  1828.  See  Wickham  Legg, 
"  Note  on  the  History  of  Exophthalmic  Goitre,"  St.  Barth.  Hosp.  Rep.,  vol.  xviii,  p.  7. 


1200  EXOPHTHALMIC   GOITRE. 

duly  recognized  the  predominance  of  the  cardiac  disturbance.  In  Germany 
the  first  account  of  the  affection  was  given  in  1840,  by  Basedow.  The  name 
has  been  the  subject  of  one  of  those  unbecoming  contests  inseparable  from 
a  system  of  cognominal  nomenclature ;  the  affection  is  often  called  in  this 
country  "  Graves'  disease, " ,and  in  Germany  "  Basedow's  disease."  Many 
other  designations  have  been  proposed — struma  exophthalmica,  cardio-thy- 
roid  exophthalmos,  etc.,  no  one  of  which  has  obtained  currency  or  can  claim 
special  exactness. 

Causes.— Women  are  far  more  prone  to  suffer  than  men,  the  ratio  being 
about  five  to  one.    The  disease  may  occur  at  any  age,  from  two  to  sixty,  but 
is  met  with  chiefly  in  adult  life,  between  fifteen  and  fifty,  and  more  cases  begin 
between  twenty  and  thirty  than  in  any  other  decade.  The  rare  cases  that  have 
been   met  with  during  childhood   have   not,  as  a  rule,  been  well  marked. 
Although  not  usually  inherited,  instances  are  occasionally  met  with  in  which 
a  family  tendency  to  the  disease  is  very  clear  and  sometimes  very  strong.  In 
several  instances  two  sisters,  or  mother  and  daughter,  have  suffered  ;  in  one 
a  mother  and  a  son  aged  eight,  in  another  an  aunt  and  three  nieces  (Cheadle). 
Eight  out  of  ten  children  suffered  in  various  degrees  and  at  various  ages  in 
a  family  observed  by  Oesterreicher.     In  these  and  other  analogous  instances 
some  of  the  cases  were  so  slight  that  they  would   probably  have  escaped 
recognition  had  not  attention  been  directed  to  them  by  the  other  cases.     In 
a  few  instances  a  more  general  neuropathic  inheritance  has  been  indicated 
by  insanity,  epilepsy  and  hysteria,  in  near  or  distant  relations.     Thus,  I  had 
at  one  time  under  my  care  two  sisters,  one  for  epilepsy,  the  other  for  severe 
exophthalmic  goitre.  I  have  seen  lymphadenoma  in  one  sister  and  exophthal- 
mic goitre  in  another,  an  association  that  derives  some  significance  from  the 
fact  that  enlarged  lymphatic  glands  are  not  very  uncommon  in  this  disease. 
The  causes  of  ordinary  goitre  seem  to  have  little  influence  in  producing 
the  exophthalmic  form,*  and  recovery  has  actually  followed  removal  to  a 
place  where  goitre  was  endemic  (Trousseau).     General  debility  and  anaemia 
are  unquestionably  powerful  predisponents.     In   many  cases  the  first  symp- 
toms have  shown  themselves  after  a  period  of  constitutional  weakness  due  to 
some  distinct  and  adequate  cause,  such  as  exhausting  discharges,  especially 
hemorrhage,  weakness  after  childbirth  or  abortion,  etc.     But  previous  weak- 
ness is  not  essential ;  the  disease  may  come  on  in  a  person  who  otherwise 
appears  to  be  in   perfect  health.     It  seldom  develops  during  pregnancy. 
There  is  not  usually  any  initial  disturbance  of  menstruation,  but  sometimes 
amenorrhcea  precedes  the  onset.     In  some  instances  organic  heart  disease 
has  preceded  the  malady,  but  the  association  of  the  two  is  not  frequent,  and 
its  significance  is  uncertain. 

No  immediate  cause  is  so  frequent  as  depressing  emotion — sudden  terror, 
or  prolonged  distress.  The  symptoms  have  been  known  to  follow  fright 
with  great  rapidity,  and  to  become  distinct  after  a  few  days.     Many  cases 

*  In  India  it  is  said  that,  although  endemic  goitre  is  common,  the  exophthalmic  form  is 
practically  never  seen  among  the  natives  (Brockman,  Trans.  Oph.  Soc,  1886,  p.  117). 
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occurred  in  Alsace  and  Lorraine  after  the  Franco-German  war.  Cold,  per- 
haps, may  excite  an  acute  development  of  the  symptoms  in  a  predisposed 
person*  Among  other  rare  causes  that  have  seemed  influential  may  be 
mentioned  stimulating  climatic  influences  acting  on  some  peculiar  constitu- 
tional state,  injuries  to  the  head,  alcoholic  excess,  syphilis,  various  acute  dis- 
eases, scarlet  fever,  pneumonia,  rheumatism,  diarrhoea,  and  severe  exertion, 
such  as  mountain  climbing. 

Symptoms. — The  onset  of  the  disease  is  usually  slow  and  gradual.  In  rare 
cases  it  is  acute,  and  these  may  run  a  rapid  course,  or  the  acute  onset  may 
subside  into  a  chronic  stage.  Usually  the  disease,  when  once  developed,  is 
permanent.  Occasionally  one  or  two  slight  attacks,  perhaps  recognized  only 
afterward  as  of  similar  nature,  may  occur  and  pass  away,  months  or  years 
before  the  onset  of  graver  symptoms. 

The  three  sets  of  symptoms,  in  eyes,  thyroid  and  heart,  do  not  usually 
commence  together.  Their  order  varies,  but  it  is  common  for  the  cardiac 
disturbance  to  lead  the  way.  Palpitation,  more  or  less  frequent,  troubles 
the  patient  for  weeks,  or  months,  or  even  years,  before  the  other  symptoms 
are  added.  The  enlargement  of  the  thyroid  and  prominence  of  the  eye- 
balls often  come  on  together. 

Heart. — The  characteristic  condition  of  the  heart  is  excited  action,  shown 
by  increased  frequency  and  increased  force  of  its  contractions.  The  degree 
of  excitement  varies  from  time  to  time,  and  is  readily  increased  by  emotion 
or  exertion.  At  first,  between  the  exacerbations,  the  action  may  be  normal, 
but  gradually  the  subsidence  becomes  less  complete,  and  the  over-action 
correspondingly  persistent.  The  increased  rate  of  action  is  sometimes 
trifling,  and  the  pulse  does  not  exceed  90-100  per  minute.  More  often 
the  rate  is  higher,  120  or  140,  even  when  tranquil ;  sometimes  150  or  160, 
and  under  excitement  it  may  rise  to  180  or  200.  It  is  usually  regular,  but 
often  small ;  there  is  not  time,  apparently,  for  the  ventricle  to  receive  the 
due  quantity  of  blood,  and  its  systole  is  probably  incomplete.  Thus  the 
circulation  is  not  accelerated  in  the  same  degree  as  is  the  action  of  the 
heart.  The  increased  force  of  the  heart's  action  is  shown  by  the  impulse, 
which  is  unduly  sharp,  and  felt  over  a  larger  region  than  in  health.  The 
area  of  cardiac  dullness  is  sometimes  normal  when  the  area  of  impulse  is 
increased.  The  action  of  the  heart  resembles  that  of  a  person  under  con- 
siderable nervous  excitement  or  after  exertion.  Usually,  after  a  time,  there 
are  signs  of  enlargement  of  the  heart.  The  impulse  extends  outward  and 
becomes  distinctly  diffused,  and  the  cardiac  dullness  is  increased  to  the  left. 
These  signs  of  dilatation  usually  preponderate  over  any  indications  of  hyper- 
trophy. The  dilatation  is  secondary  in  time,  and  doubtless,  also,  in  origin, 
to  the  over-action  of  the  heart.  The  sounds  are  usually  increased  in  loud- 
ness ;  Graves  mentioned  a  case  in  which  they  were  audible  four  feet  from  the 
patient.  Occasionally  they  are  accompanied  only  by  that  murmurish  rough- 
ness that  is  common  in  excited  hearts ;  more  often,  however,  there  is  a  dis- 

*  See,  for  instance,  a  case  recorded  by  Dr.  Bristowe,  Trans.  Oph.  Soc,  1886,  p.  46. 
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tinct  systolic  murmur,  which  may  be  loud.  It  is  heard  over  the  whole  heart, 
loudest  at  the  base  and"great  vessels,  but  loud,  also,  at  the  fourth  interspace, 
and  audible  at  the  apex.  The  basic  murmur  is  apparently  produced  at  the 
arterial  orifices ;  that  heard  over  the  ventricle  and  up  to  the  apex  is  prob- 
ably often  a  ventricular  murmur,  produced  in  the  blood  within  the  dilated 
heart.  In  many  cases,  however,  the  murmur  extends  outside  the  apex,  and 
has  the  character  of  that  of  actual  mitral  regurgitation,  which  is  probably 
the  result  of  the  dilatation  which  the  mitral  orifice  suffers  with  the  ven- 
tricle. Slight  mitral  endocarditis  has  been  occasionally  found  after  death, 
and  is  perhaps  not  rare  ;  it  is  more  likely  to  be  due  to  the  mechanical  strain 
on  the  valves  than  to  a  state  of  the  blood.  When  there  is  no  murmur  at 
•the  apex,  the  first  sound  is  often  loud  and  sharp.  The  impulse  of  the  heart 
may  be  attended  by  a  thrill,  which  has  not,  however,  any  special  signifi- 
cance. As  the  disease  advances,  the  paroxysmal  attacks  of  palpitation 
increase  in  severity,  and  are  often  accompanied  by  considerable  dyspnoea. 

The  arteries  present  increased  pulsation  and  are  dilated.  The  condition 
is  due  in  part  to  the  force  with  which  the  blood  is  driven  into  them  by  the 
heart,  but  in  part,  also;  to  a  lessened  tone  of  the  vessels.  The  pulsation  is 
especially  conspicuous  in  the  carotids  and  thyroid,  arteries,  and  often  in  the 
abdominal  aorta.  The  medium-sized  arteries  frequently  present  relatively 
less  pulsation  than  those  of  larger  size,  but  that  the  exalted  state  of  the  circu- 
lation extends  through  the  whole  arterial  system  is  shown  by  the  fact  that 
pulsation  may  sometimes  be  seen  in  the  arteries  of  the  retina.  A  systolic 
murmur  may  almost  always  be  heard  in  the  arteries  of  the  neck,  and  some- 
times in  other  arteries,  even  in  the  femorals.  It  is  often  very  loud,  and  is 
absent  only  in  rare  cases.  A  venous  pulse  has  occasionally  been  observed 
in  the  neck,  and  even  in  the  arm,  probably  due  to  the  influence  of  the 
movement  of  an  artery  on  the  flow  through  an  adjacent  venous  trunk. 

The  thyroid  usually  enlarges  after  the  cardiac  symptoms  have  existed  for 
some  time.  It  is  a  slow,  painless,  soft  enlargement,  commonly  uniform,  some- 
times greater  in  one  lobe  than  in  the  other,  rarely  confined  to  the  isthmus. 
When  one  lobe  is  the  larger  this  is  commonly  the  right.  The  superficial 
veins  over  it  may  be  dilated ;  the  arteries  of  the  thyroid  always  pulsate 
strongly  ;  sometimes  pulsation  may  be  detected  in  the  gland  itself,  and  in  it 
there  is  often  a  distinct  arterial  thrill  and  a  loud,  blowing,  systolic  murmur, 
rarejy  musical,  still  more  rarely  double.  The  degree  of  enlargement  is  not 
often  extreme  ;  seldom  equal  to  that  which  is  common -in  ordinary  broncho- 
cele.  It  varies  somewhat  in  size  from  time  to  time,  being  greater,  as 
Graves  noted,  during  the  attacks  of  palpitation.  Diminution  in  size  is 
often  accompanied  by  an  increase  in  firmness.  In  many  cases  the  enlarge- 
ment is  only  trifling  in  degree,  and  it  is  occasionally  absent  altogether. 

Eyes. — The  prominence  of  the  eyes,  like  the  enlargement  of  the  thyroid 
(with  which  it  often  coincides),  commonly  succeeds  the  cardiac  over- 
action.  In  rare  cases  it  has  been  the  first  symptom.  It  is  usually  equal 
in  the  two  eyes,  but  occurs  first  and  remains  greatest  in  one  eye,  more 
frequently  in  the  right.     It  is  very  rarely  confined  to  one  side,  and  then  the 
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Fig.  327. 


thyroid  is  usually  most  enlarged  on  that  side.*  In  degree  it  may  be  so 
slight  as  to  easily  escape  notice,  or  it  may  be  so  considerable  that  when  the 
patient  looks  straight  forward  the  white  sclerotic  is  visible  above  and  below 
the  cornea.  It  may  be  extreme  in  degree,  so  that  the  insertions  of  the  recti 
may  be  exposed,  the  movements  of  the  eyes  limited,  and  so  that  the  lids 
cannot  meet  over  it  even  in  sleep.  It  is  said  that 
the  eyeball  may  even  be  dislocated  from  the 
socket  and  may  have  to  be  replaced  with  the 
finger.  The  degree  of  prominence  varies  from 
time  to  time,  with  the  over-action  of  the  heart. 
When  it  is  greatest  pain  may  be  felt  in  the  eye- 
ball. It  seems  probable  that  there  is,  in  some 
cases,  in  addition  to  the  prominence,  an  actual 
increase  in  the  size  of  the  globe.  Its  diameter 
has  been  estimated  to  be  one-tenth  greater  than 
normal  (Neumann).  Vision,  as  a  rule,  is  unaf- 
fected. In  rare  instances  myopia  seems  to  have 
developed,  probably  from  an  increase  in  the  size 
of  the  globe.  The  pupils  are  normal,  as  a  rule, 
but  inequality  in  size  and  slight  irregularity  in 
form  have  been  met  with.  Conjunctivitis,  opacity 
of  the  cornea,  and  even  sloughing  have  been  seen 
in  rare  cases,  apparently  in  consequence  of  the 
imperfect  protection  of  the  prominent  eye.  (Edema  of  the  lids  is  occa- 
sionally present ;  I  have  seen  it  considerable  in  degree  and  associated  with 
oedema  of  the  conjunctiva,  in  a  case  in  which  the  prominence  was  slight. 
The  ophthalmoscopic  appearances  are  usually  quite  normal,  beyond  the 
arterial  pulsation  already  mentioned ;  cedema  of  the  disc  is  occasionally 
met  with ;  I  have  seen  one  instance  of  this.  Its  occurrence  is  not  related 
to  oedema  outside  the  eyeball.  Atrophy  of  the  optic  nerve  has  been 
observed  by  Emmert. 

Another  remarkable  symptom  connected  with  the  eye,  first  noted  by  v. 
Graefe,  is  that  when  the  eyeball  is  directed  downward,  the  upper  lid  does 
not  follow  it  as  it  does  in  health,  but  remains  in  a  state  of  spasmodic  eleva- 
tion (Figs.  328  and  330).  The  descent  of  the  lid  on  closure  of  the  eyes  is 
not  interfered  with.  This  symptom  may  be  present  when  the  prominence 
of  the  eyeball  is  slight.  It  is  not  a  constant  symptom,  and  is  often  absent 
even  when  the  exophthalmos  is  considerable,  and,  it  may  be,  to  the  end  of 
fatal  cases.  It  is  commonly  equal  on  the  two  sides,  but  may  be  unequal. 
In  some  cases,  in  which  there  is  no  absolute  defect  in  the  descent  of  the  lid, 
its  downward  movement  is  hesitating  and  lags  a  little  behind  the  eyeball. 


Exophthalmic  goitre;  early- 
stage.  Slight  enlargement  of 
the  thyroid;  considerable  promi- 
nence of  the  eyes. 


*  To  this  rule  a  remarkable  exception  has  been  recorded  by  Burney  Yeo,  in  which  great 
enlargement  of  the  right  half  of  the  thyroid  coincided  with  prominence  of  the  left  eye,  and 
when  right  exophthalmos  came  on,  the  left  lobe  of  the  thyroid  enlarged  {Brit.  Med.  Journ., 
1887,  i,  320). 


204 


EXOPHTHALMIC    GOITRE. 


fith  or  without  a  defective  descent  there  may  be  (as  Stellwag  first  pointed 
at)  a  slight  retraction  of  the  lid  so  that  it  is  habitually  higher'  than  nor- 

Fig.  328. 


I  / 


eg 


Exophthalmic  goitre.     Defective  descent  of  the  tipper  lid  on  looking  down.     (After  Wilks.) 

rial ;    sometimes   this   is   observed   on   one   side    only,   as    in    Fig.    329. 

letraction  of  the  lower  lid  has  been  very  rarely  observed.*  Occasionally 
there  is  some  weakness  of  the  ocular  muscles, 
especially  of  the  internal  recti,  and  more  exten- 
sive ophthalmoplegia  has  been  observed  (see  p. 
1206). 

Of  the  three  chief  symptoms  of  the  disease,  the 
cardiac  disturbance  is  the  most  constant.  It  is, 
perhaps,  absent  in  rare  cases,  but,  on  the  other 
hand,  is  often  alone  obtrusive.  The  patients  may 
suffer  from  persistent  frequency  of  pulse,  occa- 
sional severe  paroxysms  of  palpitation  and  dysp- 
noea, and  may  complain  of  nothing  else.  There 
may  be,  indeed,  nothing  to  be  found  except  the 
over-action  of  the  heart  and  pulsation  of  the 
arteries,  but  in  most  cases  careful  examination 
detects  a  slight  enlargement  of  the  thyroid  and 
a  slight  prominence  of  the  eyes.  The  latter  may 
not  exceed  the  degree  that  is  met  with  as  a  normal 

:ondition,  but  the  friends  of  the  patient  may  recognize  it  as  unnatural. 


Exophthalmic  goitre,  early  stage 
Retraction  of  the  left  upper  lid. 


*  By  Dr.  Hill  Griffith,  Trans.  Oph.  Soc,  1886,  p.  61. 
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If  the  cardiac  disturbance  makes  rapid  progress,  the  patient  may  die  before 
the  other  symptoms  attain  such  a  degree  as  to  attract  attention.  When  the 
enlargement  of  the  thyroid  and  exophthalmos  precede  the  derangement  of 
the  heart,  they  increase  very  rapidly  after  the  latter  has  developed. 

The  general  health  of  these  patients  usually  suffers.  Anaemia  is  frequent, 
although  not  invariable.  Menstruation  is  irregular  and  sometimes  ceases. 
Loss  of  flesh  occurs,  but  is  less  marked  in  the  face  than  elsewhere.  Pyrexia 
is  frequent  in  the  later  stages  of  the  disease,  usually  moderate,  from  i°  to  30 
F.,  but  it  is  inconstant ;  in  many  cases  the  temperature  is  perfectly  normal 
throughout.  There  is  sometimes  a  subjective  sense  of  heat  without  actual 
fever.  Profuse  sweating  is  an  occasional  symptom,  and  is  especially  common 
in  acute  cases.     The  appetite  is  sometimes  deficient,  sometimes  capricious. 

Other  symptoms  on  the  part  of  the  nervous  system  are  often  met  with. 
A  sense  of  throbbing  in  the  head,  and  a  pulsating  noise  in  the  ears,  occasion- 
ally complained  of,  are  doubtless  due  to  the  vascular  condition.  Headache 
is  sometimes  troublesome,  and  may  be  one-sided.  There  is  often  insomnia, 
and  sometimes  transient  vertigo.  Mental  depression  or  irritability  is  very 
frequent. 

Another  very  common  symptom,  which  is  sometimes  described  as  a  com- 
plication, but  deserves,  on  account  of  its  frequency,  to  rank  as  a  symptom 
of  the  disease,  is  muscular  tremor.  It  varies  in  character,  but  is  usually  a 
rather  coarse,  somewhat  jerky  tremor,  occurring  on  movement  only.  In 
some  cases  it  is  so  regular  as  to  resemble  that  of  paralysis  agitans ;  in  others 
it  is  so  irregular  as  to  remind  the  observer  of  chorea.  When  regular,  it  is  a 
little  more  frequent  in  time  than  that  of  paralysis  agitans.*  It  may  be 
general  or  partial,  and  has  been  known  to  be  unilateral  when  the  goitre  and 
exophthalmos  were  also  unilateral. 

Complications. — Many  cases  have  been  recorded  in  which  there  was  also 
glycosuria.  The  change  in  the  urine  has  followed  in  some  cases,  and  pre- 
ceded in  others,  the  special  symptoms.  In  one  instance  of  this  complica- 
tion all  the  symptoms  followed  a  blow  on  the  head  (Brunton).  The  sugar 
has  been  known  to  lessen  when  the  other  symptoms  improved.  Intermittent 
albuminuria  has  been  recorded  by  Begbie,  and  observed  in  one  case  by  my- 
self. Increased  secretion  of  pale  urine  is  common,  and^has  been  observed 
to  precede  paroxysms  of  palpitation  and  dyspnoea. 

Enlargement  of  the  lymphatic  glands  sometimes  occurs  in  the  course  of 
the  affection,  resembling  that  of  lymphadenoma,  but  moderate  in  degree, 
and  not  progressive.  It  may  develop  rapidly,  and  slowly  subside.  I  have 
seen  three  very  marked  instances  of  this  complication ;  one  was  a  severe 
and  fatal  case  of  exophthalmic  goitre  in  a  girl  whose  sister  suffered  from 
lymphadenoma.  Enlargement  of  the  tracheal  and  bronchial  glands  has 
been  observed  by  G.  de  Mussy.  Among  recorded  cutaneous  complications 
are  vitiligo  (Raynaud)  and  bronzing  of  the  skin  (Begbie).     It  is  said  by 

♦According  to  Marie,  8-9^  per  second ;  paralysis  agitans  5-6  per  second;  but,  as  we 
have  seen,  that  of  paralysis  agitans  varies  much. 
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Exophthalmic  goitre.    Acute  mania  (fatal).    {From  a  photo-    j^g    jj^g  cause  0f  (Jeath. 


harcot  that  there  is  commonly  a  diminution  in  the  electrical  resistance  of 

e  skin.* 

fig.  330.  An    important    occasional 

complication    is  mental    de- 
rangement.    We    have   seen 
that  slight  mental  change  is 
common  ;    the    derangement 
now  referred  to  amounts'  to 
actual     insanity.      Its    form 
varies :    it    may    be     melan- 
cholia, or  simple    mania   or 
recurrent  mania,  or  even  gen- 
eral paralysis  of  the    insane 
(Savage).    Mania  is  the  most 
common  condition,  and  may 
Fig. 
330  represents  the  aspect  of 
woman  suffering  from  acute  mania  that  came  on  in   the  course  of  exoph- 
lalmic  goitre  and  was  fatal  in  a  few  weeks.     Hysterical  symptoms  are  also 
ommon  in  this  disease.     The  hemiplegic  weakness  and  altered  sensibility 
bserved  in  some  cases  were  probably  of  this  character. 
The  tremor  already  mentioned  has  amounted  in  some  cases  to  a  degree  of 
Ionic  spasm  or  choreoid  movement  that  must  be  regarded  as  acomplication. 
n  a  few  cases  in  childhood  or  youth,  true  chorea   has  been  supposed  to 
xist.     In  one  instance  this  was  probable,  since  the  movements  increased 
ar  a  time,  and  then  subsided.     In  the  other  cases,  however,  the  spasmodic 
isturbance  persisted,  and  its  nature  is  therefore  doubtful. 
Many  other  kinds  of  functional  derangement   of  the  nervous    system, 
esides  those  already   mentioned,   have   been    observed    to   coexist   with 
xophthalmic  goitre.     Epilepsy,  neuralgia,  and  migraine  in   typical  form, 
ave  been  met  with.     The  paralysis  of  the  ocular  muscles  sometimes  goes 
n  to  complete  ophthalmoplegia,  and  is  then  more  than  a  functional  affec- 
ion ;  it  seems  to  be  due  to  degeneration  of  the  muscular  fibres.     A  very 
emarkable  example  of  these  nervous  complications  has  been  recorded  by 
Jristowe.f     The  symptoms  of  exophthalmic  goitre  were  followed  by  almost 
omplete  external  ophthalmoplegia,  and  this  by  complete  right  hemianaes- 
hesia  (including  the  special  senses),  epileptic  fits,  palsy  with  rigidity  of  the 
ight  side,  hemorrhages  from  the  ears,  and  persistent  pyrexia.    The  mystery 
if  the  origin  of  the  symptoms  remained  unsolved  at  the  post-mortem  exam- 
nation,  which  revealed  no  lesion  of  the  nervous  system. 

Many  symptoms  occasionally  met  with  are  apparently  due  to  vasomotor 
listurbance.  Sweating  has  been  already  mentioned  ;  in  a  case  recorded  by 
kloney  a  copious  acid  sweat'broke  out  on  the  central  parts  of  the  face  dur- 


*  Gaz.  des  Hop.,  1885,  No.  13. 


\  Brain,  No.  31. 
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ing' attacks  of  palpitation  and  extreme  frequency  of  the  pulse.*  Diarrhoea 
is  sometimes  troublesome,  and  is  thought  to  be  a  kind  of  intestinal  sweating. 
Occasionally  there  is  an  abnormal  flow  of  tears.  Local  cedema  in  the 
limbs,  local  congestion  of  surface  vessels,  atrophy  of  the  mammae  and  other 
parts,  some  skin  diseases,  and  even  gangrene,  have  all  been  regarded  as 
manifestations  of  vasomotor  disturbance  related  in  some  obscure  manner  to 
the  primary  disorder.f  Indications  of  chronic  organic  diseases  of  the  cen- 
tral nervous  system  are  very  rare.J  Bronzing  of  the  skin  existed  in  one 
recorded  case.§ 

Course  and  Varieties. — The  onset  is  usually  gradual,  and  the  course  of  the 
disease  is  prolonged  through  several  years.  But  the  differences  in  course  are 
extreme.  Occasionally  the  onset  is  acute  ;  marked  symptoms  may  develop 
in  the  course  of  a  few  days,  commonly  after  some  psychical  disturbance. 
The  symptoms  may  even  pass  away  in  a  week  or  two.  Such  cases  occur 
especially  in  families  in  which  there  is  a  hereditary  tendency  to  the  disease. 
Thus  a  boy,  aged  eight,  the  son  of  a  woman  who  suffered  from  the  disease, 
after  a  disappointment  at  school,  was  seized  with  palpitation  and  profuse 
sweating  ;  the  next  day  the  thyroid  was  large,  the  eyes  were  prominent,  and 
the  pulse  was  180.  After  two  days  more,  the  symptoms  gradually  disap- 
peared, and  in  ten  days  he  was  well  (Sobrig).  Such  an  acute  case  may, 
however,  run  a  rapidly  progressive  course  and  has  been  known  to  end  in 
death  at  the  end  of  six  weeks  (Bamberger).  Cases  so  rapid  are  extremely 
rare.  Death  at  the  end  of  six  months  is  uncommon,  and,  on  the  other  hand, 
in  many  cases,  the  disease  lasts  for  five  or  even  ten  years.  The  acute  onset 
may  subside  into  a  chronic  stage,  similar  to  that  of  the  cases  that  commence 
gradually. 

The  course  of  the  symptoms  is  also  variable.  Considerable  and  prolonged 
remissions  are  frequent,  and  sometimes  actual  intermissions  occur,  of  such 
duration  and  completeness  that  the  patient,  in  effect,  suffers  from  several  dis- 
tinct attacks.  I  have  known  a  patient  to  have  three  such  attacks  at  intervals 
of  several  years.  Permanent  recovery  may  also  occur.  It  is  most  frequent 
in  the  cases  that  develop  rapidly,  and  in  which  the  cardiac  symptoms  pre- 
ponderate over  those  in  the  neck  and  eyes.  What  proportion  of  cases 
recover  is  uncertain.  It  has  been  estimated  at  a  quarter,  and  this  is  prob- 
ably not  an  over-statement  if  the  cases  are  included  in  which  the  cardiac 
symptoms  are  chiefly  marked.  When  there  is  much  enlargement  of  the 
thyroid  and  much  prominence  of  the  eyes,  complete  recovery  is  very  rare. 


*  Trans.  Oph.  Soc,  1886,  p.  113.  It  is  noteworthy  that  this  patient  had  an  epileptic  aura 
consisting  of  "  an  awful  smell  that  seemed  to  ascend  from  the  left  side  of  the  body  and 
reach  to  the  mouth,"  but  it  was  not  followed  by  any  actual  fit  or  loss  of  consciousness. 

f  In  the  curious  case  recorded  by  Burney  Yeo  (p.  1203,  note),  the  occurrence  of  exoph- 
thalmos, first  on  one  side  and  then  on  the  other,  was  accompanied  by  loss  of  the  hairs  of  the 
eyebrow  and  eyelid. 

\  Progressive  muscular  atrophy  occurred  in  a  case  described  by  Cazal  {Gat.  Hebd.,  1883, 
No.  21). 

\  Carrington,  Trans.  Oph.  Soc,  1886,  p.  97. 
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I  have  seen  one  patient  in  whom  well-marked  symptoms,  great  prominence 
of  eyeballs  and  enlargement  of  thyroid  in  early  womanhood,  passed  away 
entirely,  and  twenty  years  later  there  had  been  no  recurrence.*  Even  when 
there  is  not  complete  recovery,  however,  great  improvement  sometimes 
occurs,  and  the  disease  may  subside  from  a  most  distressing  degree  to  com- 
parative insignificance.  Just  as  the  cardiac  symptoms  commence  before  the 
others,  so  they  persist,  in  cases  that  recover,  long  after  the  enlargement  of 
the  thyroid  and  prominence  of  the  eyes  have  disappeared.  The  malady  is 
said  to  run,  on  the  whole,  a  more  rapid  course  in  men  than  in  women. 

In  most  fatal  cases,  death  seems  to  be  the  result  of  the  cardiac  affection,  and 
of  increasing,  general  weakness.  Attacks  of.palpitation  and  dyspnoea  become 
more  frequent  and  troublesome ;  oedema  of  the  legs  comes  on  ;  the  loss  of 
flesh  increases  to  extreme  emaciation,  and  the  patient  gradually  sinks.  Other 
occasional  causes  of  death  have  been  tuberculosis,  cerebral  hemorrhage,  rarely 
hemorrhage  elsewhere,  cerebral  softening,  and  pachymeningitis.  Sometimes 
sudden  death  occurs,  the  exact  cause  of  which  cannot  be  ascertained. f 

Pathological  Anatomy. — In  the  heart,  signs  of  dilatation  and  hyper- 
trophy are  commonly  found  after  death,  but  are  far  less  than  might  be 
expected  from  the  symptoms  present  during  life.  Slight  endocarditis  is 
occasionally  met  with,  and  graver  lesions  of  the  valves  are  more  frequently 
found  than  might  be  anticipated ;  no  doubt  because  such  cases  more  fre- 
quently die.  The  arteries  are  found  dilated,  and  may  appear  to  be  distinctly 
hypertrophied  (Vogt).  The  veins  also  may  be  enlarged.  In  the  old  it  is 
doubtful  what  significance  is  to  be  attached  to  the  state  of  the  arteries.  J 
Aneurismal  dilatations  have  been  seen  on  the  arteries  of  the  thyroid. 

In  the  thyroid  body,  all  the  vessels  are  conspicuously  enlarged,  and  the 
proper  tissue  of  the  gland  is  increased  in  quantity,  without  being  materially 
altered  either  in  naked-eye  or  microscopical  appearance.  Occasionally 
however,  there  is  a  greater  change,  either  cystic  or  "  colloid  "  degeneration. 

In  the  orbit  the  most  frequent  change  is  an  increase  in  the  quantity  of  fat, 
but  this  is  never  extreme,  and  in  many  cases  the  amount  of  fat  has  been 
perfectly  normal.  Dilatation  of  the  orbital  veins,  atheroma  of  the  ophthal- 
mic artery,  and  fatty  degeneration  of  the  ocular  muscles,  have  been  met 
with  in  rare  instances.  In  one  case  in  which  the  fatty  degeneration  of  the 
straight  and  oblique  muscles  was  very  marked,  the  levatores  palpebrarum 
presented  a  marked  contrast  in  their  normal  condition.  It  is  also  note- 
worthy that  in  this  case  there  was  no  increase  in  the  orbital  fat,  and  no  trace 
of  the  tissue  of  Miiller's  muscle  could  be  discovered.  §  , 

*  The  disease  was,  however,  succeeded  by  other  curious  symptoms  of  the  derangement  of 
the  sympathetic — pigmentation  of  the  skin,  and  persistent  cedema  of  the  eyelids,  allied  to 
myxoedema. 

f  Two  instances  of  this  are  recorded  by  Hale  White,  Brit.  Med.  Journal,  July  24th,  1886- 
%  As,  for  instance,  a  case  recorded  by  Wahner,  in  which  thickening  of  the  arteries  of  the 
spinal  cord  was  found  in  a  woman  of  sixty-two. 
\  Silcock,  Trans.  Oph.  Soc,  18S6,  p.  104. 
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The  cervical  sympathetic  has  been  carefully  examined  in  many  cases  by 
competent  observers.  It  has  often  been  free  from  any  indication  of  disease. 
In  other  cases  slight  changes  have  been  found  ;  the  most  frequent  has  been 
an  increase  of  connective  tissue  in  and  about  the  lower  cervical  ganglion, 
and  with  this  change  the  ganglion  has  been  described  as  enlarged  above,  or 
reduced  below,  the  average  size,  as  normal  in  consistence,  or  as  distinctly 
indurated.  An  atrophy  of  the  nerve  cells  has  been  described  in  a  few 
cases.  The  cardiac  ganglia  have  been  found  normal  when  they  have  been 
examined. 

No  significant  changes  have  been  discovered  in  the  central  nervous  system. 
Cheadle  has  described  signs  of  congestion  in  the  medulla,  but  these  have  not 
been  seen  by  most  observers.  The  other  organs  of  the  body  are  also,  as  a 
rule,  normal.  Disease  of  the  kidneys  has  been  found  in  some  cases,  but  in 
most  of  these  there  had  been  organic  heart  disease.  The  thymus  and  other 
closed  glands  undergo  no  change.* 

Pathology. — Two  questions  are  involved  in  the  pathology  of  exoph- 
thalmic goitre,  as  in  that  of  most  other  diseases— the  mechanism  of  the 
symptoms,  and  the  nature  of  the  malady— questions  that  are  in  part  the 
same,  in  part  distinct. 

The  dilatation  of  the  vessels  and  over-action  of  the  heart  have  directed 
attention  to  the  sympathetic  system  of  nerves  as  capable,  by  its  derangement, 
of  giving  rise  to  the  symptoms.  The  cervical  sympathetic  contains  fibres 
which,  when  they  are  irritated,  increase  the  frequency  of  the  heart's  action. 
But  the  vascular  dilatation  suggests  paralysis  of  those  sympathetic  fibres  that 
influence  the  vessels.  If  we  assume  that  an  active  dilatation  exists,  we  must 
assume  the  excitation  of  certain  fibres  of  the  sympathetic,  and  not  of  this 
nerve  as  a  whole.  Thus  we  must  assume  either  a  partial  affection  of  the 
sympathetic,  or  else  an  opposite  disturbance  of  its  different  elements,  and 
either  hypothesis  seems  incompatible  with  the  assumption  o'f  any  general 
morbid  process  in  the  nerve,  such,  for  instance,  as  an  irritation  or  inflam- 
mation beginning  outside  the  nerve  elements.  This  consideration  has  led 
many  pathologists  to  look  beyond  the  sympathetic,  to  the  central  nervous 
system,  for  the  seat  of  the  primary  morbid  process  that  deranges  the  vessels 
and  the  heart.  This  view  is  supported  by  the  fact  that  the  association  of 
arterial  dilatation  and  frequency  of  the  heart's  action  is  in  harmony  with  the 
physiological  law,  discovered  by  Marey,  that  there  is  an  inverse  ratio  between 
frequency  of  pulse  and  general  blood  pressure,  so  that  lowered  arterial  tone, 
and  a  frequently  acting  heart,  coincide.  These  considerations  certainly  sug- 
gest that  these  two  symptoms  depend  essentially  on  the  derangement  of  a 
central  mechanism,  rather  than  on  a  random  process  in  any  system  of  nerves. 
On  the  whole,  the  results  of  pathological  anatomy  favor  this  opinion.  The 
frequency  with  which  no  morbid  appearance  has  been  found  in  the  sympa- 
thetic, and  the  equivocal  character  of  the  changes  that  have  been  described 
in  a  few  cases,  suggest  that  these,  when  present,  are  of  secondary  origin,  or 

*  See  Hale  White,  loc.  cit. 
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else  are  accidentally  associated.  Leaving,  for  the  present,  this  general  ques- 
tion, we  may  consider  the  origin  of  the  other  symptoms. 

The  enlargement  of  the  thyroid  was  regarded  by  Graves  as  a  kind  of  erec- 
tion, and  modern  pathology  has  been  unable  to  suggest  any  better  explana- 
tion. The  great  dilatation  of  its  vessels,  and  its  variation  in  size  with  the 
action  of  the  heart,  seem  to  confirm  the  opinion.  It  is,  moreover,  certain 
that  some  enlargement  of  the  thyroid  will  result  from  vascular  distention, 
such,  for  instance,  as  follows  ligature  of  the  thyroid  veins  (Boddaert). 
According  to  this  view  the  overgrowth  of  the  tissue  of  the  organ  is  the  result 
of  the  increased  blood  supply.  And  yet  two  considerations  suggest  that  the 
relation  of  this  symptom  to  the  primary  derangement,  whatever  this  is,  may 
involve  more  than  mere  vascular  dilatation.  (i)  The  thyroid  may  be 
scarcely  enlarged  when  the  cardiac  and  vascular  symptoms  are  very  marked  ; 
conversely,  although  rarely,  the  thyroid  may  enlarge  considerably  when  the 
heart  is  but  little  excited;  and  lastly,  its  enlargement  has  been  known  to 
precede  the  disturbance  of  the  heart.  (2)  The  mental  weakness,  etc.,  that 
sometimes  result  from  extirpation  of  the  thyroid,  seems  to  show  that  the 
organ  has  a  mysterious  influence  on  the  central  nervous  system,  and  an 
opposite  influence  is  at  least  conceivable,  if  equally  mysterious.  We  must 
beware  of  the  assumption  that  the  mechanism  we  can  trace  is  the  only  one 
in  operation. 

The  prominence  of  the  eyeballs  is  very  difficult  to  explain.  (1)  An 
increase  in  the  orbital  fat  cannot  have  more  than  a  trifling  influence,  even 
when  it  is  present.  (2)  The  distention  of  the  vessels  of  the  orbit  is  probably 
a  more  powerful  factor.  (3)  The  unstriated  muscular  fibres  of  Miiller,  which 
run  from  the  eyelid  to  the  membranous  lining  of  the  orbit,  are  generally 
believed  to  be  capable  by  their  contraction  of  causing  prominence  of  the 
eyeball.  The  eye  recedes  a  little  when  the  sympathetic  is  divided.  Although 
it  has  been  questioned  whether  in  man  these  fibres  are  sufficiently  developed 
to  exert  an  appreciable  effect,  it  is  possible  that  they  may  become  hypertro- 
phied  under  permanent  excitation.  It  is  certain  that  our  present  knowledge 
permits  us  to  invoke  no  other  than  these  three  mechanisms,  although  it  is  not 
easy  to  conceive  how  even  their  combined  influence  can  produce  the  extreme 
prominence  sometimes  seen.  We  must  thus  assume  an  irritation  of  the  sym- 
pathetic to  explain  the  exophthalmos  as  well  as  the  cardiac  over  action. 

The  loss  of  descent  of  the  upper  eyelid  was  ascribed  by  von  Graefe  to 
spasm  of  these  fibres  of  Miiller,  and  this  remains,  on  the  whole,  the  most 
probable  explanation.  It  must  be  due  to  spasm  either  in  these  fibres  or  in 
the  levator.  The  fact  that  it  does  not  interfere  with  closure  of  the  eyes — 
in  which  movement  the  orbicularis  at  once  overcomes  the  spasm — is  less  easy 
to  understand  on  the  assumption  of  spasm  of  the  levator  than  on  that  of  an 
affection  of  the  fibres  of  Miiller. 

The  retraction  of  the  upper  lid  is  a  phenomenon  analogous  to  the  defective 
descent,  but  the  fact  that  the  two  are  not  related  in  degree  or  even  in  occur- 
rence increases  very  much  the  obscurity  of  the  subject.  Moreover,  if  the 
condition  of  the  lid  is  due  to  the  contraction  of  the  fibres  of  Miiller,  and 
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this  is  the  chief  cause  of  the  exophthalmos,  the  two  symptoms  should  cor- 
respond in  degree,  but,  as  we  have  seen,  this  is  far  from  being  the  case. 

It  is  a  curious  fact  that  cocain  applied  to  the  conjunctiva  causes  a  slight 
retraction  of  the  lids  and  a  defective  descent  similar  to  that  seen  in  exoph- 
thalmic goitre.*  It  is  assumed  that  the  cocain  acts  upon  the  sympathetic 
nerve  endings,  since  Jessop  has  found  that  the  effect  cannot  be  obtained  a 
few  days  after  division  of  the  sympathetic  in  the  neck.  This  does  not,  how- 
ever, throw  any  light  on  the  muscular  mechanism  by  which  the  symptoms 
are  produced,  but  it  supports  the  view  that  they  are  due  to  over-action  of  the 
sympathetic  nerves. 

Thus  the  symptoms  seem  to  be  due  partly  to  the  direct  effect  of  deranged 
action  of  the  sympathetic,  and  partly  to  the  indirect  effect  of  this  derange- 
ment on  the  vascular  system.  It  is  probable  that  the  cause  of  the  derange- 
ment is  to  be  sought  beyond  the  sympathetic  in  the  central  nervous  system. 
All  the  sympathetic  functions  are  under  central  control,  and  the  character  of 
the  symptoms,  as  we  have  seen,  is  in  harmony  with  the  physiological  rela- 
tion between  the  degree  of  blood  pressure  and  the  frequency  of  the  heart's 
action.  The  chief  controlling  centres,  and  especially  those  that  determine 
this  relation,  are  in  the  region  of  the  medulla  oblongata,  and  it  is  to  this  part 
that  we  are  thus  directed  in  our  search  for  the  seat  of  the  disease.  The  nega- 
tive results  of  pathological  investigation,  and  the  character  of  the  disturb- 
ance itself,  make  it  probable  that  the  morbid  state  is  one  of  function  and  of 
that  finer  nutrition  that  baffles,  and  will  baffle,  our  means  of  investigation. 

Attempts  have  been  made  to  discover  whether  experiment  can  supply  the 
evidence  that  pathological  anatomy  fails  to  afford.  Filehne,  in  particular, 
has  tried  to  demonstrate  the  dependence  of  the  disease  on  the  medulla 
oblongata.  He  divided  the  anterior  fourth  of  the  restiform  bodies,  and 
succeeded  in  producing  exophthalmos.  In  a  few  experiments  he  caused,  also, 
some  enlargement  of  the  thyroid,  and  in  one  case  all  three  symptoms  of  exoph- 
thalmic goitre  were  produced.  These  results  certainly  confirm  the  view 
which  refers  the  disease  to  the  medulla  oblongata.  If  this  is  correct  it  is 
possible  that  some  of  the  cardiac  disturbance  is  produced  through  the  agency, 
not  of  the  sympathetic,  but  of  the  vagus. 

Thus  the  negative  evidence  of  pathological  anatomy,  and  the  positive 
evidence  afforded  by  the  character  of  the  various  symptoms,  alike  suggest 
that  the  malady  is  a  neurosis,  a  disease  of  the  nerve  elements  themselves, 
having  its  character  determined  by  their  functional  relations,  and  its  origin 
in  conditions  at  present  beyond  our  range  of  scrutiny.  We  can  thus  under- 
stand the  multiform  derangements  of  the  same  class  with  which  its  symptoms 
may  be  associated. 

Diagnosis. — When  all  the  symptoms  of  the  malady  are  present,  and  are 
considerable  in  degree,  the  disease  is  one  that  is  easy  to  recognize.     It  is 


*  This  fact  was  pointed  out  by  Koller  in  his  original  account  of  the  action  of  cocain,  and 
the  phenomena  have  been  carefully' studied  by  Jessop,  Trans.  Oph.  Soc,  vol.  v,  p.  240,  and 
vi,  123. 
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difficult  to  detect,  and  apt  to  be  overlooked,  only  when  it  is  in  an  early 
stage,  and  partially  developed ;  yet  it  is  in  these  cases  that  the  diagnosis  is 
of  the  greatest  importance,  since  it  is  in  these  that  treatment  has  most  pros- 
pect of  affording  permanent  relief.  In  such  cases  the  chief  symptoms  are 
cardiac,  and  the  malady  may  be  mistaken  for  mere  nervous  excitement  or 
for  organic  heart  disease.  The  strong  pulsation  of  the  arteries,  and  the  per- 
sistent excess  and  frequency  of  the  heart's  action,  are  the  most  important 
diagnostic  indications.  A  pulse  rate  of  120,  maintained  even  when  the 
patient  is  tranquil,  should  always  arouse  a  suspicion  of  the  disease,  and  the 
thyroid  and  eyes  should  be  carefully  examined. 

Ordinary  goitre  is  distinguished  by  the  absence  of  the  cardiac  and  ocular 
symptoms,  by  the  degree  of  enlargement  of  the  thyroid,  and  by  its  relation 
to  endemic  influences.  But  there  is  a  class  of  cases  with  cardiac  symptoms 
which  most  authorities  consider  ought  to  be  kept  distinct  from  the  true 
exophthalmic  form.  A  large  goitre  of  endemic  origin  becomes  associated, 
after  a  time,  with  over-action  of  the  heart  and  exophthalmos,  in  conse- 
quence of  the  pressure  of  the  tumor  on  the  sympathetic,  and  perhaps,  also, 
on  the  vagus.  The  exophthalmos  is  usually  one-sided,  corresponding  to 
the  chief  enlargement  of  the  thyroid,  and  is  accompanied  with  spasmodic 
mydriasis,  from  irritation  of  the  sympathetic  fibres  to  the  iris. 

Prognosis.— -In  fully-developed  cases  the  prognosis  is  grave.  When  the 
eyes  are  distinctly  prominent,  the  thyroid  enlarged,  the  heart  dilated,  and 
its  habitual  frequency  much  increased,  it  is  rare  to  obtain  more  than  a  mod- 
erate degree  of  improvement  as  the  result  of  the  most  careful  treatment. 
In  many  cases  even  improvement  cannot  be  obtained.  Nevertheless  the 
prospect,  even  of  these  cases,  is  not  entirely  gloomy.  Occasionally  a  degree 
of  improvement  occurs  that  amounts  almost  to  restoration  of  health,  and, 
in  rare  cases,  to  perfect  recovery.  This  result  is,  however,  far  more  frequent 
in  the  slighter  and  earlier  cases,  in  which  the  heart  disturbance  is  recent, 
and  the  enlargement  of  the  thyroid  is  very  slight  or  is  absent.  The  prog- 
nosis is  rendered  worse  by  conspicuous  failure  of  general  nutrition,  and  by 
the  presence  of  organic  heart  disease.  It  is  better  in  women  than  in  men  ; 
nevertheless,  cases  of  recovery  in  men  are  sometimes  met  with.*  It  is  better 
if  the  disease  shows  a  remittent  tendency,  and  I  am  inclined  to  think  that, 
if  the  disease  is  in  an  early  stage,  it  is  better  when  there  is  a  family  tendency 
to  the  affection  than  when  there  is  none.  .  A  distinct  and  removable  exciting 
cause  certainly  also  improves  the  prognosis.  If  no  improvement  is  obtained, 
an  opinion  is  often  sought  regarding  the  probable  duration  of  life.  This 
is,  however,  impossible  to  forecast.  The  sufferers  may  present  little  change, 
for  month  after  month  and  year  after  year,  and  there  is  hardly  any  degree 
of  severity  that  absolutely  precludes  all  hope  of  amelioration,  and  even  of 
considerable  improvement.  One  patient,  when  I  saw  her,  was  in  a  condi- 
tion in  which  it  seemed  scarcely  possible  that  she  could  live  three  months, 
and  yet  three  years  afterward  she  was  not  only  alive,  but  so  much  better  that 

*  See  Trans.  Oph.  Soc,  188b,  p.  26. 
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she  had  become  a  wife  and  mother.  Several  other  instances  of  similar 
improvement  have  come  under  my  notice.  The  average  prognosis  is  cer- 
tainly worse  among  hospital  patients  than  in  those  of  better  position,  in 
whom  suitable  conditions  of  life  can  be  secured  and  maintained  for  a  long 
time. 

Treatment. — The  first  and  most  important  element  in  treatment  is  to 
secure  tranquillity  of  mind  and  rest  of  body.  Frequently  as  the  heart,  in  this 
disease,  beats  during  rest,  it  is  quickened  still  more  by  emotion  and  exertion. 
In  a  severe  case  it  is  well  to  keep  the  patient  in  the  recumbent  posture  for  a 
time — in  bed  if  the  onset  has  been  recent  and  acute,  or  if  the  symptoms  are 
severe.  Absolute  rest  may  quickly  bring  the  pulse  down  from  120  to  90,  or 
even  80.  In  any  case,  several  hours  of  each  day  should  be  spent  on  the  sofa, 
and  only  the  gentlest  exercise  should  be  permitted.  If  perfect  rest  is  desir- 
able, the  lack  of  exercise  may,  in  some  degree,  be  compensated  by  gentle 
daily  massage.  Every  kind  of  mental  or  physical  excitement  should  be  abso- 
lutely avoided.  Complete  change  of  air  has  often  been  followed  by  marked 
improvement,  but  as  a  rule  mountain  air  is  not  desirable.  Most  patients  do 
best  at  the  seaside,  if  the  air  of  the  place  is  not  too  stimulating.  A  sea 
voyage  has  apparently  largely  contributed  to  the  cure  in  a  few  cases,  but  is 
a  hazardous  remedy  unless  the  "  sailing  "  capacity  of  the  sufferer  is  known. 
In  each  case  the  effect  of  change  must  be  carefully  watched,  since  it  is  not 
always  possible  to  foretell  its  influence.  There  is  no  trustworthy  evidence 
that  any  foreign  "  watering-place  "  has  any  special  influence  on  the  disease. 

Medicinal  treatment  is  singularly  uncertain  in  its  results.  Drugs  that  have 
clearly  done  good  in  some  instances  have  been  quite  ineffectual  in  most  other 
cases  in  which  they  have  been  given.  This  statement  applies  to  iron,  quinine, 
arsenic,  strychnia,  and  other  tonics.  In  spite  of  anaemia,  iron  fails  in  most 
cases  to  improve  the  condition  of  the  patient.  It  seems  sometimes  even  to 
do  harm.  Von  Graefe,  whose  experience  of  the  disease  was  very  large,  came 
to  the  conclusion  that  iron  is  useless  in  the  height  of  the  malady,  but  that 
it  does  good  when  a  certain  amount  of  improvement  has  occurred,  and  the 
pulse  has  fallen  below  100.  Iodine  and  iodides  have  been  thought  by  many 
to  be  positively  harmful ;  nevertheless,  cases  are  occasionally  reported  in 
which  benefit  has  followed  their  internal  administration  or  external  use. 
Bromides  have  no  influence  on  the  disease  itself,  but  are  often  useful,  and 
even  necessary,  for  the  purpose  of  lessening  irritability  and  promoting  sleep. 

Drugs  that  slow  the  pulse  would  seem  to  be  specially  indicated,  but  the 
experience  of  different  observers  is  as  much  at  variance  on  this  point  as  on 
the  action  of  tonics.  It  is  certain  that  digitalis  fails,  in  most  cases,  to  pro- 
duce any  permanent  effect,  and  yet  cases  are  occasionally  published  in  which 
digitalis  and  iron  together  have  seemed  to  cure  the  patient.  Trousseau 
thought  digitalis  useful  when  given  in  full  doses,  so  as  to  reduce  the  pulse  to 
sixty  or  seventy  beats  per  minute.  Veratrum  viride  does  not  seem  to  possess 
any  special  advantage.  Aconite  has  been  recommended  in  doses  of  five 
minims  of  the  tincture,  increased  gradually  to  twenty  minims. 

Belladonna  is  the  drug  that  has  seemed  most  distinctly  useful  in  the  largest 
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number  of  cases,  and  this  is  entirely  confirmed  by  my  own  experience.  It 
should  be  given  in  gradually  increasing  doses,  until  the  maximum  quantity 
is  reached  that  the  patient  can  bear.  Either  the  tincture  or  the  extract  may 
be  given,  or  atropine  may  be  injected  hypodermically.  The  latter  method, 
however,  does  not  possess  any  advantage.  The  weakness  of  the  tincture  is 
no  drawback  to  its  use,  if  the  dose  is  increased  until  considerable  dryness  of 
the  throat  is  produced.  I  have  once  known  pronounced  symptoms.to  dis- 
appear entirely  under  the  use  of  belladonna,  and  in  several  other  cases 
marked  improvement  resulted.  Both  belladonna  and  digitalis,  it  may  be 
noted,  have  an  influence  on  the  small  arteries,  increasing  their  tone.  Ergot 
has  rarely  failed  to  disappoint  those  who  have  given  it  in  this  disease. 
Hydropathic  treatment  has  been  strongly  praised,  chiefly  by  French 
physicians. 

Galvanization  of  the  cervical  sympathetic  has  been  recommended,  and 
often  employed.  Perhaps  it  would  be  more  correct  to  describe  the  treat- 
ment as  the  application  of  voltaism  to  the  position  of  the  sympathetic.  It 
is  not  quite  certain  that  the  sympathetic  is  influenced,  since  we  cannot  by 
such  application  in  a  healthy  individual  obtain  any  dilatation  of  the  pupil. 
It  has  been  thought  by  some  to  do  good  by  acting  on  the  vagus  rather  than 
on  the  sympathetic.  The  application  is  followed  in  many  cases  by  a  dis- 
tinct fall  in  the  frequency  of  the  pulse  (amounting  to  ten  or  even  twenty 
beats  per  minute),  and  sometimes  by  a  slight  diminution  in  the  size  of  the 
thyroid.  I  have  known,  for  instance,  the  pulse  fall  from  90  to  72,  a  lower 
rate  than  had  been  observed  during  the  preceding  two  years.  The  effect, 
unfortunately,  is  usually  transient,  but  repeated  applications  certainly  some- 
times cause  a  slight  degree  of  permanent  improvement.  I  have  not,  myself, 
seen  more  than  this,  but  several  cases  have  been  recorded  in  which  all  the 
symptoms  disappeared  under  this  treatment.  Both  electrodes  may  be  placed 
along  the  anterior  edge  of  the  stern o-mastoid,  one  above  and  one  below,  or 
one  electrode  may  be  placed  in  either  of  these  positions,  and  the  other  on 
lower  cervical  spines  or  beneath  the  occiput.  A  weak  current  only  should 
be  employed,  such  as  causes  a  moderate  amount  of  tingling  in  the  skin. 
Galvanization  of  the  cardiac  region  has  been  advocated  by  Vigouroux  and 
Charcot.* 

Surgical  Treat??ient. — Excision  of  the  thyroid  is  impracticable  when  the 
disease  is  fully  developed.  The  dilatation  of  the  blood  vessels  renders  the 
operation  too  formidable.  In  a  few  very  early  cases  it  is  said  to  have  been 
successful  in  arresting  the  disease,  but  the  evidence  of  the  nature  of  these 
cases  is  scarcely  satisfactory.  In  this  disease,  as  in  ordinary  goitre,  excision 
of  the  isthmus  causes  atrophy  of  the  whole  gland,  but  the  operation  has  not 
been  followed  by  permanent  results  to  the  other  symptoms  of  the  exoph- 
thalmic form.  In  one  patient  on  whom  the  operation  was  performed,  the 
resulting  atrophy  of  the  gland  did  not  materially  influence  the  exophthal- 
mos, and  there  was  also  considerable  valvular  disease  of  the  heart,  which 

*  Gaz.  des  Hdp.,  /SSj,  Nos.  13  and  15. 
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caused  death  four  months  later.*  The  same  may  be  said  of  setons,  cauteri- 
zation, and  injections  of  ergotin.  Handfield  Jones  has  seen  injections  of 
iron  into  the  thyroid  give  rise  to  alarming  symptoms.  On  the  whole,  the 
results  of  surgical  treatment  are  not  at  present  sufficiently  encouraging  to 
justify  their  adoption. 

Among  special  symptoms  that  may  call  for  treatment,  the  paroxysms  of 
palpitation  and  dyspnoea  are  best  relieved  by  "derivatives,"  as  hip  baths 
and  mustard  plasters  to  the  feet,  with  cold  to  the  thyroid  (if  its  enlargement 
is  sufficient  to  be  a  cause  of  dyspnoea)  and  by  full  doses  of  digitalis.  Ether, 
chloroform,  and  morphia  also  sometimes  give  relief  in  this  condition.  Trous- 
seau found  a  copious  venesection  effectual  in  relieving  such  an  attack  when 
other  measures  failed.  Any  inflammation  of  the  eyeball  must  be  promptly 
treated,  to  obviate,  if  possible,  the  danger  to  sight. 
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Many  acute  diseases,  especially  the  acute  specific  diseases,  are  occasionally 
accompanied  or  followed  by  symptoms  of  impairment  of  function  of  the  ner- 
vous system.  Of  these  symptoms,  motor  palsy  is  the  most  frequent.  One  of 
these  diseases,  diphtheria,  is  followed  by  palsy  of  a  special  type,  such  as  is 
seldom  or  never  met  with  after  any  other  affection,  and  must  therefore  be 
separately  described.  In  the  other  maladies  the  nervous  symptoms  vary 
much  in  their  character,  and  evidently  also  in  their  mechanism.  They  are, 
on  the  whole,  rare,  but  less  so  after  some  diseases  than  after  others. 

In  the  course  of  any  acute  disease,  sudden  symptoms  may  come  on,  such 
as  indicate  the  occurrence  of  a  vascular  lesion  in  the  brain.  Usually  there 
is  sudden  hemiplegia,  which  may  be  accompanied  by  loss  of  speech,  and 
may  persist  or  may  pass  away,  according  to  the  position  of  the  lesion.  In 
some  cases,  especially  in  children,  convulsions  attend  the  onset.  The 
morbid  process  varies  in  different  cases.  In  some  there  is  embolism,  conse- 
quent on  endocarditis,  which  may  complicate  any  one  of  these  diseases,  but 
is  most  frequent  in  scarlet  fever.  In  other  cases  the  lesion  is  probably 
thrombosis  in  an  artery  or  in  a  surface  vein.  In  other  very  rare  cases,  again, 
there  is  hemorrhage.     These  lesions  are  most  common  in  children. 

The  other  symptoms  met  with  present  no  general  correspondence  in  char- 
acter ;  they  may  be  cerebral  or  spinal,  and  may  suggest  a  specific  action  of 
the  blood  state  on  the  nerve  centres  or  subacute  organic  lesions. 

Typhoid  Fever. — Apart  from  the  sudden  hemiplegia  already  mentioned, 
which  is  very  rare  in  typhoid  fever,  the  most  common  nerve  symptoms 
indicate  a  special  influence  of  the  poison  on  the  brain.  The  common  deaf- 
ness is  apparently  produced  in  this  manner  by  an  interference  with  the  func- 
tions of  the  auditory  nerve.  Loss  of  speech  is  not  uncommon.  It  occurs 
chiefly  toward  the  close  of  the  disease  and  during  convalescence ;  it  may 
come  on  as  the  deafness  is  passing  off.     There  is  generally  complete  speech- 


*  Bristowe,  Trans.  Oph.  Soc,  1886,  p.  46. 
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lessness,  and,  although  it  is  called  aphasia,  there  is  no  disorder  of  speech,  or 
partial  loss,  such  as  occurs  in  cases  of  organic  disease  of  the  brain.  The 
patient  can  understand  perfectly  what  is  said,  and  may  be  able  to  express 
assent  and  dissent  by  signs,  or  even  to  write.  In  one  case  under  my  observa- 
tion the  condition  developed  gradually  by  a  disuse  of  the  lips,  which  were 
dry  and  cracked ;  the  loss  of  the  labial  articulation  rendered  the  words 
almost  unintelligible,  and  they  gradually  ceased  to  be  uttered.  The  condi- 
tion may  last  for  some  weeks.  In  one  recorded  case  it  was  associated  with 
general  choreoid  movements.*  Typhoid  fever  is  sometimes  followed  by 
mental  defect,  which  may  amount  to  actual  imbecility.  Impairment  of 
memory  is  common.  Occasionally  there  is  some  more  pronounced  mental 
derangement,  generally  in  the  form  of  chronic  mania.  These  cerebral 
symptoms  always  pass  away  in  time,  but  in  adults  the  memory  may  never  be 
so  good  as  before  the  fever. 

Paraplegic  weakness  is  not  uncommon,  and  also  occurs  usually  when  the 
disease  is  on  the  decline,  or  during  convalescence.  In  some  cases  the  weak- 
ness of  the  fever  seems  to  persist  in  the  legs,  and  as  in  one  case  under  my 
observation,  when  the  patient  is  seen  some  months  after,  there  is  distinct 
defect  of  power,  with  excessive  knee  jerk  and  foot  clonus,  f  Money  has 
indeed  'found  that  there  is  generally  an  excess  of  myotatic  irritability  during 
the  disease.  J  In  other  cases  actual  paraplegia  comes  on  more  rapidly, 
although  not  suddenly,  and  may  increase  to  a  considerable  degree  of  weak- 
ness, although  there  is  rarely  absolute  loss  of  power.  The  onset  may  be 
attended  with  spinal  tenderness,  and  with  hyperesthesia  or  various  subjective 
sensations  in  the  legs,  and  these  may  be  followed  by  defect  of  sensation.  It 
is  probable  that  the  symptoms  are  due  to  myelitis  of  slight  intensity.  They 
usually  pass  away  in  the  course  of  a  few  weeks.  In  very  rare  cases,  para- 
lytic symptoms  are  of  greater  severity.  The  weakness,  commencing  in  the 
legs,  may  invade  the  arms,  and  when  such  extension  occurs  rapidly,  the  case 
becomes  one  of  the  so-called  "  acute  ascending  paralysis,"  and  death  has 
been  known  to  occur  in  the  course  of  a  few  days. 

Limited  atrophic  paralysis  occurs  in  some  cases,  especially  during  conva- 
lescence. It  is  sometimes  very  severe  and  may  leave  permanent  disability. ' 
It  is  probable  that  in  some  cases  the  lesion  is  spinal,  acute  anterior  poliomy- 
elitis. There  is  loss  of  power,  variable  in  extent,  with  rapid  wasting  and 
loss  of  faradaic  irritability  in  the  muscles  most  affected.  Although  a  con- 
siderable amount  of  recovery  always  occurs,  there  may  be  permanent  atrophy 
of  certain  muscles.*  This  affection  is  more  frequently  secondary  to  typhoid 
fever  than  to  any  other  acute  specific  disease.  It  is,  however,  probable  that 
in  many  cases  such  symptoms  are  due,  not  to  poliomyelitis,  but  to  multiple 
neuritis.     This  was  probably  present  in  a  case  described  by  Alexander,  in 


*  De  la  Harpe,  Rev.  mid.  dela  Suisse  Rom.,  1883,  No.  6. 

f  It  is  not  uncommon  for  adults  after  typhoid  never  to  regain  the  good  walking  powers 
they  had  before  the  illness,  although  there  is  nothing  that  can  be  called  paralysis. 
%  Lancet,  1885. 
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which  typhoid  fever,  in  a  patient  aged  twenty,  was  followed  by  wasting  of 
muscles  with  loss  of  electrical  irritability  and  of  the  knee  jerk,  and  paralysis 
of  one  vocal  cord.  The  development  of  the  palsy  was  accompanied  by 
severe  pains  in  the  legs.*  Recovery  was  complete.  The  neuritic  nature  of 
the  symptoms  is  also  sometimes  probable  when  the  atrophy  is  local.  In  a 
case  recorded  by  Vulpian,  during  convalescence,  pains  in  the  right  shoulder 
and  arm  were  followed  by  paralysis,  considerable  in  the  deltoid,  slight  in 
the  biceps  and  brachialis  anticus,  and  still  less  in  the  triceps  and  scapular 
muscles.  There  was  loss  of  electrical  irritability,  faradaic  and  voltaic,  in 
the  deltoid,  but  no  affection  of  sensation.  The  distinction  of  the  central 
or  peripheral  nature  of  many  cases  is  very  difficult. 

In  very  rare  instances  paraplegic  weakness  after  typhoid  fever  has  been 
associated  with  paralysis  of  the  soft  palate,  but  even  these  cases  do  not 
resemble  closely  diphtheritic  paralysis.  There  is  never  the  paralysis  of 
accommodation,  or  the' slow  progress  of  paralysis  from  one  part  to  another*-)- 

Paralysis  of  cranial  nerves  has  been  seen  in  a  few  instances,  and  in  two 
cases  paralysis  of  the  abductors  of  the  vocal  cords  occurred  in  so  complete 
a  degree  as  to  necessitate  tracheotomy  (Rehn,  Villemin).  Optic  neuritis  is 
a  very  rare  sequel  of  typhoid  fever.  Localized  neuralgic  pains  in  the  course 
of  the  spinal  nerves  are  occasionally  met  with  during  convalesence.  They 
have  been  known  to  be  accompanied  with  spots  of  anaesthesia,  and  are  then 
doubtless  due  to  neuritis.  Landouzy  records  a  case  in  which  a  spot  of  such 
anaesthesia  in  the  groin  was  permanent. 

The  muscular  tremor,  which  is  occasionally  so  conspicuous  during  the 
course  of  typhoid,  may  continue  during  convalescence,  and  it  has  been 
known  to  persist  and  to  be  followed  by  the  symptoms  of  disseminated 
sclerosis  (Chauffard,  Ebstein,  and  Westphal).  The  tremor  never  goes  on  to 
paralysis  agitans.  In  girls,  hysterical  symptoms  are  not  rare  during  the 
course  of  the  disease  and  during  convalescence  ;  contractures,  anaesthesia, 
and  even  convulsions  have  been  met  with. 

Typhus  Fever. — After  typhus  fever,  symptoms  have  been  met  with  very 
similar  to  those  that  are  met  with  after  typhoid.  Paraplegic  weakness  is, 
however,  less  common  ;  paralysis  of  cranial  nerves  occurs  only  in  conse- 
quence of  an  attack  of  meningitis  complicating  the  fever;  while  paralysis 
of  the  palate  has  not  been  met  with.  Bernhardt  has  recorded  a  case  of  neu- 
ritis of  the  musculo-spiral  nerve,  which  may  have  been  set  up,  as  paralysis 
in  this  nerve  so  often  is,  by  pressure  upon  it  during  the  period  of  prostration 
and  inertia.  Optic  neuritis  has  been  observed  after  typhus,  although  even 
more  rarely  than  after  typhoid. 

Erysipelas  is  rarely  followed  by  paralysis.  In  one  remarkable  case  J 
paralysis  of  the  soft  palate  and  of  the  posterior  crico-arytenoids  (abductors 
of  the  vocal  cords)  followed  facial  erysipelas  and  one-sided  pneumonia. 


*  Alexander,  Deut.  med.  Wochenschr.,  1886,  No.  31. 

f  True  diphtheria  sometimes  complicates  typhoid  fever,  and  may  be  followed  by  character- 
istic paralysis,  as  in  a  case  related  by  Dr.  Murchison. 
J  Feith,  Berlin,  klin.  Wochenschrift,  1874,  No.  49. 
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The  paralysis  of  the  larynx  necessitated  tracheotomy,  and  appears  to  have 
been  permanent. 

Variola. — Spinal  symptoms  are  more  common  in  connection  with  small- 
pox than  with  any  other  of  the  eruptive  fevers.  The  fact  was  associated  by 
Trousseau  with  the  severe  pain  in  the  back  which  occurs  at  the  onset,  on 
the  ground  that  this  pain  may  be  accompanied  by  weakness,  formication,  and 
tingling  in  the  legs,  plantar  pain,  and  retention  of  urine,  and  that  these 
symptoms  pass  away  with  the  pain  in  the  back  on  the  appearance  of  the 
eruption.  More  pronounced  spinal  symptoms  may  come  on  during  the 
height  of  the  disease,  or  especially  during  convalescence.  There  is  paraplegic 
weakness,  with  or  without  affection  of  sensation,  and  varying  much  in  degree. 
Recovery  in  severe  cases  may  be  incomplete.  The  symptoms  probably 
depend  upon  myelitis,  which,  disseminated  through  the  cord,  was  actually 
found  by  Westphal  in  one  case ;  the  gray  and  white  substance  was  occupied 
by  scattered  spots  of  softening.*  Acute  atrophic  paralysis  has  also  been 
observed,  usually  due,  no  doubt,  to  poliomyelitis  (as  Roger  was  able  in  one 
case  to  demonstrate,),  but  possibly  sometimes  produced  by  a  primary  altera- 
tion in  the  nerves.  In  a  case  of  atrophy  in  one  arm,  Joffroy  could  find  no 
change  in  the  cord,  but  only  an  acute  degeneration  of  the  nerves.  Ataxy 
of  both  arms  and  legs,  persisting  for  a  long  time  after  the  primary  disease, 
but  ultimately  passing  away,  has  also  been  described. f  Acute  ascending 
paralysis  has  been  observed  during  convalescence,  fatal  in  a  few  days,  and, 
as  in  other  cases,  without  recognizable  lesion. J  Occasionally  paralytic 
symptoms  extend  to  the  cerebral  as  well  as  the  spinal  functions.  The  ocular 
muscles  have  been  paralyzed,  perhaps  from  neuritis.  Smallpox  has  also 
been  followed  by  symptoms  of  insular  sclerosis. § 

Measles. — Spinal  symptoms  may  occur  during  and  after  measles,  very 
similar  in  characters  to  those  which  follow  smallpox.  Those  of  acute  polio- 
myelitis are  the  most  frequent,  but  acute  ascending  paralysis  has  been  met 
with  (Bergeron  and  Liegeard).  A  remarkable  case  of  disseminated  myelitis 
has  been  recorded  by  Barlow.  ||  Hemiplegia,  probably  from  thrombosis  in  a 
cerebral  vessel,  has  also  been  met  with.  Optic  neuritis  has  only  been 
observed  as  a  result  of  coincident  meningitis. 

Scarlet  Fever. — Spinal  symptoms  are  rare  after  scarlet  fever,  while  cere- 
bral hemiplegia  is  not  infrequent,  and  is  probably  due  to  embolism  from 
scarlatinal  endocarditis,  or  to  spontaneous  thrombosis.  It  may  occur  during 
or  apart  from  kidney  sequelae.  Convulsions,  persisting  as  epilepsy,  are  also 
more  frequent  during  or  after  scarlet  fever  than  after  any  other  acute  disease 
(see  p.  1080).  Neuro-retinitis  has  been  many  times  observed  to  follow  scarlet 
fever,  without  any  renal  complication.^" 

*  Foci  of  softening  have  also  been  described  by  Damaschino,  and  by  Joffroy  and  Hayem. 

f  Manisolle,  Thise  de  Poitiers,  ref.  in  Virchow' s  Jahresb .,  1880,  ii,  44. 

J  Bernhardt,  Berl.  klin.  Wochensch.,  1871,  No.  47 ;  Gros  and  Beauvais  V  Un.  Med., 
1884,  No.  131.  (j  Long,  Charcot.  ||  Med.-Chir.  Trans.,  1885. 

\  In  scarlet  fever  there  is  sometimes  false  membrane  in  the  throat,  like  that  of  diphtheria, 
and  the  patients  are  often  said  to  have  had  both  diseases.    My  colleague,  Dr.  Barlow,  whose 
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Mumps. — Palsy  of  accommodation  has  been  described,  but  was  met  with 
only  in  one  case  in  an  extensive  epidemic*  Joffroy  met  with  paralysis  of 
the  limbs  in  one  instance ;  there  was  loss  of  electrical  irritability  and  of 
reflex  action,  and  the  muscles  were  tender. f  It  is  possible,  however,  that 
in  each  of  these  cases  there  may  have  been  undiscovered  diphtheria ;  in  the 
second  case,  indeed,  slight  angina  was  observed. 

Malarial  Fever. — During  the  course  of  severe  malarial  fever  singular 
paralytic  symptoms  have  been  met  with,  especially  hemiplegia  and  aphasia, 
which  are  said  to  pass  away  under  the  influence  of  quinine,  and  are,  there- 
fore, ascribed  to  an  effect  of  the  malarial  poison  on  the  nerve  centres  (Gras- 
set).  Graver  and  more  lasting  symptoms  of  the  same  class  have  been  met 
with  in  cachectic  subjects,  and  have  been  ascribed  to  obstruction  of  cerebral 
vessels  by  pigmentary  matter. 

Dysentery,  when  severe,  has  been  followed  by  paraplegia,  commencing 
with  tingling  in  the  skfn,  and  pains  along  the  course  of  the  nerves,  succeeded 
by  motor  and  sensory  paralysis,  sometimes  with  muscular  wasting.  The 
arms  may  also  be  involved.  These  symptoms  sometimes  occur  during  the 
course  of  the  disease.  They  are  probably  due  to  myelitis  or  to  peripheral 
neuritis.  In  one  case,  extensive  softening  was  found  in  the  cervical  and 
lumbar  enlargements  (Delioux). 

Diarrhcea. — Simple  diarrhoea,  whether  spontaneous  or  the  result  of  undue 
purgation,  has  been  followed  by  spinal  symptoms,  usually  transient,  some- 
times more  severe.  In  women,  hysterical  symptoms  also  result  from  the 
peculiarly  depressing  effect  of  diarrhoea  on  the  nervous  system.  Tetany  is 
an  occasional  sequel.  In  children,  exhausting  diarrhoea  sometimes  causes 
cerebral  thrombosis,  or  the  symptoms  of  cerebral  anaemia  termed  "hydro- 
cephaloid  "  (see  p.  761). 

Acute  Rheumatism. — No  palsy  is  common  in  connection  with  acute 
rheumatism,  except  the  embolic  hemiplegia  that  is  the  result  of  the  endo- 
carditis. Myelitis,  especially  poliomyelitis,  has  been  thought  to  be  a  frequent 
sequel,  but  the  cases  on  which  this  opinion  has  been  based  have  been  for  the 
most  part  those  in  which  pains  in  the  limbs  have  attended  the  onset  of  the 
spinal  disease,  and  have  given  rise  to  an  erroneous  diagnosis  of  acute  rheu- 
matism. It  is  possible,  also,  that  rheumatism  and  myelitis  may  both  result 
from  the  same  exposure  to  cold.  Curious  cases  are,  however,  sometimes 
seen,  in  which  inflammation  and  swelling  of  the  joints  of  the  legs,  especially 
of  the  ankle  joints,  have  been  followed  by  paralysis,  and  it  is  doubtful  what 
is  the  relation  between  the  two,  whether  the  arthritis  was  the  result  of  the 
commencing  spinal  lesion,   as  it  may  be   the  result  of  acute  and  severe 

experience  of  these  cases  is  very  large,  informs  me  that  he  has  never  known  diphtheritic 
paralysis  to  follow  this  complication,  and  hence  it  is  very  doubtful  whether  the  membrane  is 
an  indication  of  true  diphtheria.  It  is  possible,  however,  that  there  are  two  forms  of  this 
complication,  one  truly  diphtheritic  (see  Heubner,  Jahrb.  f.  Kinderheilk.,  Bd.  xiv,  and 
Demme,  Bericht  aus  d.Jmnersfital,  Berne,  1878  and  1879). 

*Boas,  Kl.  Monatsbl.f.  Augenh.,  1886,  p.  273. 

f  Joffroy,  Prog.  Mid.,  1886,  No.  47. 
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myelitis,  or  whether  it  was  really  of  the  nature  of  true  rheumatic  inflamma- 
tion. Thus,  a  patient  aged  thirty,  had  subacute  articular  rheumatism  of 
both  ankle  joints,  with  considerable  pain,  and  this  was  followed  by  incom- 
plete palsy  of  all  limbs,  disturbance  of  sensibility,  partial  atrophy  of  the 
muscles  with  the  degenerative  reaction,  loss  of  the  knee  jerk,  tremors  and 
involuntary  twitchingsj  the  face  and  facial  nerves  were  also  involved,  and 
some  optic  neuritis  supervened.  Remak,  who  observed  the  case,  assumes 
that  there  was  multiple  degenerative  neuritis,  perhaps  with  central  foci  of 
sclerosis.* 
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Diphtheria  is  frequently  succeeded  by  paralysis  of  definite  and  peculiar 
character,  such  as  is  not  met  with  after  other  acute  diseases,  or  is  met  with 
only  in  extremely  rare  instances.  The  occurrence  of  paralysis  after  low 
forms  of  sore  throat  has  long  been  known,  and  was  described  by  the  elder 
Chomel,  as  observed  in  an  epidemic  at  Paris  in  1748,  by  Ghisi  in  Italy,  in 
1749,  and  by  Bard,  at  New  York,  in  1771.  When  diphtheria  came  to  be 
distinguished  from  other  forms  of  angina,  it  alone  was  found  to  be  succeeded 
by  this  paralysis.  Hence  it  is  almost  certain  that  the  epidemic  sore  throats 
which,  in  the  last  century,  were  followed  by  paralysis,  were  also  diphtheria. 
It  is,  indeed,  believed  by  some  (influenced  chiefly  by  the  assertions  of  Gub- 
ler)  that  a  similar  paralysis  occurs,  in  rare  cases,  after  simple  or  herpetic 
tonsillitis,  but  the  evidence  of  this  is  not  conclusive,  and  that  adduced  by 
Gubler  is  least  so.  It  is  true  that  paralysis  does  sometimes  follow  an  attack 
of  sore  thoat,  the  diphtheritic  nature  of  which  has  not  been  suspected.  But 
the  significance  of  such  cases  is  lessened  by  the  following  considerations : 
(1)  Slight  cases  of  diphtheria,  in  which  the  false  membrane  is  limited,  say 
to  a  small  spot  on  one  tonsil,  often  escape  recognition  until  their  nature  is 
declared  by  the  origin  from  them  of  other  unmistakable  cases.  (2)  Such 
slight  cases,  as  well  as  severe  ones,  may  be  followed  by  paralysis.  (3)  The 
supposed  cases  of  paralysis,  after  simple  angina  are  as  rare  as  such  sore 
throats  are  common,  while  paralysis  occurs  after  a  large  proportion  of  the 
cases  of  true  diphtheria.  These  considerations  make  it  probable  that  all 
sore  throats  followed  by  paralysis  are  diphtheritic.  Indeed,  considering  the 
above  facts  and  the  small  amount  of  false  membrane  sometimes  present,  it 
seems  more  probable  that  diphtheria  may  occur  without  any  false  membrane, 
than  that  characteristic  paralysis  occurs  after  simple  sore  throats,  f 

Other  acute  diseases  may  be  followed  by  paralysis,  but  in  these  cases  the 
palsy  presents  characters  for  the  most  part  altogether  different  from  that 
which  succeeds  diphtheria.     They  have  been  already  described. 

*  Neur.  Centralbl.,  /SSj,  No.  14. 

f  Cases,  however,  have  been  met  with  (see  p.  1233)  that  suggest  that  a  paralysis  closely 
analogous  to  diphtheritic  paralysis  may  occur  as  a  primary  affection  without  any  preceding 
acute  disease,  and  may  run  a  course  similar  to  that  which  succeeds  diphtheria.  I  have  seen 
one  or  two  cases  suggestive  of  this  conclusion. 
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The  frequency  with  which  diphtheria  is  followed  by  paralysis  seems  to  vary 
in  different  epidemics  and  at  different  ages  ;  it  has  been  variously  stated  at 
from  8  to  66  per  cent.  It  is  probably  not  far  from  the  truth  to  say  that,  on 
an  average,  one-fourth  of  those  who  do  not  die  from  the  pVimary  disease 
subsequently  suffer  from  paralysis.  Its  occurrence  is  not  influenced  by  sex, 
but,-  according  to  the  statistics  collected  by  Landouzy,*  age  distinctly 
increases  the  liability  to  suffer.  The  sequel  may,  indeed,  occur  at  any  age, 
from  two  years  upward,  but  adults  furnish  a  larger  proportion  of  the  cases  of 
paralysis  than  of  diphtheria.  Sixty-eight  cases  of  paralysis  were  distributed 
as  follows  (Landouzy)  :  Under  10,  fifteen  ;  10-20,  eighteen  ;  20-30,  thir- 
teen ;  30-40,  eight ;  40-50,  eight  ;  over  50,  six.  From  this  it  would  seem 
that  the  tendency  to  paralysis  is  very  slight  in  early  infancy,  and  that  it 
increases  the  older  the  sufferer.  I  have  seen  one  severe  case  at  the  age  of 
sixty. 

The  previous  health  of  the  patient  seems  to  have  no  influence ;  paralysis 
does  not  occur  more  frequently  in  the  weak  than  in  the  strong.  Nor  does 
the  severity  of  the  attack  of  diphtheria  determine  the  occurrence  of  palsy  ; 
it  is  equally  likely  to  follow  attacks  that  are  severe  and  those  that  are  trifling. 
It  occurs  after  diphtheria  of  the  surface  as  well  as  after  that  of  the  throat. 
The  celebrated  alienist  Griesinger  died  from  paralysis  succeeding  a  diphthe- 
ria limited  to  the  wound  produced  by  opening  a  perityphlitic  abscess. 

Time  of  Onset. — As  a  rule,  the  primary  disease  is  over  before  the  paralysis 
comes  on  ;  the  most  common  time  being  the  second  or  third  week  after  the 
termination  of  the  throat  affection.  Sometimes,  however,  it  commences 
during  the  course  of  the  diphtheria,  from  the  fifth  to  the  tenth  day,  and  it 
has  been  known  to  commence  as  early  as  the  second  day.  These  statements 
apply  to  definite  loss  of  power. 

Symptoms. — The  onset  of  the  paralysis  is  usually  marked  by  no  general 
symptoms,  but  now  and  then  a  slight  elevation  of  temperature,  and,  in  chil- 
dren, restlessness  and  irritability,  may  precede  it,  and  they  may  also  accom- 
pany its  subsequent  extension.  The  first  part  to  be  affected  is  usually  the 
palate,  and  fluids  are  found  to  regurgitate  through  the  nose.  Vision  for  near 
objects  is  then  interfered  with,  in  consequence  of  loss  of  power  of  accommo- 
dation. These  two  palsies  are  almost  invariable.  Subsequently,  and  less  fre- 
quently (in  about  half  the  cases),  the  limbs  become  weak,  and  often  they 
are  the  seat  of  numbness  or  tingling,  and  sensation  may  be  definitely 
impaired.  Less  frequent  are  paralyses  of  the  muscles  of  the  trunk,  neck, 
and  larynx,  disturbed  innervation  of  the  heart,  weakness  of  the  external 
ocular  muscles,  of  the  bladder  and  rectum,  and  loss  of  sexual  power. 

The  characteristic  of  diphtheritic  paralysis  is  its  gradual  onset  and  pro- 
gress in  each  part,  and  the  way  in  which  different  and  often  distant  parts  are 
affected,  one  after  the  other.  The  loss  of  motor  power  is  accompanied, 
and  indeed  preceded,  by  a  loss  of  myotatic  irritability,  evinced,  in  the  case 
of  the  legs,  by  the  loss  of  the  knee  jerk.     When  the  weakness  is  consider- 

*  "  Des  Paralysies  dans  les  maladies  aigues,"  Paris,  1880. 
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able,  electric  irritability  of  the  muscles  is  usually  changed,  and  there  is 
moderate  wasting.  The  fact  that  the  knee  jerk  disappears  before  the  onset 
of  the  palsy  is  part  of  a  wider  fact,  that  the  knee  jerk  is  often  lost  after 
diphtheria  in  cases  in  which  no  paralysis  occurs.  This  was  discovered  by 
Bernhardt,*  and  has  since  been  abundantly  confirmed.  He  found  the  knee 
jerk  was  lost  in  no  less  than  two-thirds  of  the  cases  examined  (twenty-two  in 
number),  in  which  there  was  no  definite  palsy.  The  loss  occurred  usually 
during  the  second  month,  sometimes  toward  the  end  of  the  first  month,  i.  e. 
three  or  four  weeks  after  the  onset  of  the  primary  disease.  It  both  disap- 
peared and  returned  first  on  one  side,  and  in  one  case  the  loss  was  uni- 
lateral.")" 

The  paralysis  of  the  palate  is  shown  by  the  voice  acquiring  a  nasal  tone, 
and  by  the  partial  regurgitation  of  liquids  through  the  nose  during  degluti- 
tion. The  nasal  tone  is,  of  course,  due  to  the  cavity  of  the  nose  not  being 
shut  off  during  phonation  ;  and  hence,  also,  the  explosive  consonants  are 
imperfectly  pronounced,  /,  for  instance,  becomes  m,  and  the  patient  is 
unable  to  distend  the  cheeks  or  to  blow  out  a  candle.  The  closure  of  the 
anterior  nares  at  once  removes  this  disability.  Gargling,  also,  is  no  longer 
possible.  On  inspection,  the  palate  is  seen  to  hang  more  vertically  than 
normal,  and  when  the  patient  utters  the  sound  "ah  "  it  is  not  raised  as  in 
health.  One  side  is  sometimes  lower  than  the  other,  but  it  is  rare  for  one 
side  to  be  paralyzed  alone.  There  is  usually  distinct  loss  of  sensibility  in 
the  palate ;  the  patient  does  not  know  when  it  is  touched,  or  the  touch  occa- 
sions no  discomfort  or  reflex  action,  although,  if  the  back  of  the  pharynx  is 
touched,  evidence  of  sensibility  is  at  once  obvious.  Very  rarely  anesthesia 
has  been  observed  without  motor  palsy.  When  the  paralysis  has  lasted  some 
time,  the  palatal  muscles  cannot  be  stimulated  by  faradaism  as  readily  as  in 
health. 

Paralysis  of  the  pharynx  is  not  common,  but  may  occur,  and  may  be  so 
considerable  as  to  render  swallowing  almost  impossible.  The  pharynx  has 
even  been  relaxed  to  such  a  degree  as  to  form  a  pouch  in  which  food  accu- 
mulates. In  the  larynx,  paralysis  of  the  upper  part  (superior  laryngeal 
nerve)  is  more  frequent  than  that  of  the  vocal  cords  (inferior  laryngeal 
nerve).  In  the  former  case  the  epiglottis  stands  erect  against  the  base  of  the 
tongue,  and  does  not  descend  over  the  opening,  during  the  act  of  degluti- 
tion, in  consequence  of  the  weakness  of  the  depressors.  The  upper  part  of 
the  larynx  is  insensitive,  although,  when  a  foreign  body  reaches  the  vocal 
cords,  pain  is  felt.  Hence,  food  is  apt  to  get  into  the  larynx  and  to  cause 
coughing.  The  voice  is  hoarse,  probably  in  consequence  of  paralysis  of  the 
crico-thyroid  muscle,  but  the  vocal  cords  move  as  usual.     In  other  cases 


*  Virchow's  Archiv,  1885,  Bd.  99,  p.  293. 

f  It  has  been  said  that  the  knee  jerk  is  lost  during  the  primary  disease  in  most  cases 
(McDonnell  Am.  Med.  News,  1887,  p.  448),  but  this  is  not  generally  true.  The  difficulty 
of  exact  observation  in  a  case  of  severe  illness  is  very  great.  According  to  Money,  the  loss 
may  be  preceded  by  a  brief  exaggeration  ("Treatment  of  Dis.  in  Children,"  p.  515). 


SYMPTOMS.  1223 

there  is  paralysis  in  the  region  of  the  inferior  laryngeal  nerve,  and  phona- 
tion  may  be  impossible.  The  laryngoscope  then  shows  immobility  of  the 
cords  and  sometimes  a  preponderant  weakness  of  abduction,  so  that  the 
cords  are  not  separated  during  inspiration. 

The  tongue  is  rarely  paralyzed,  but  I  have  seen  transient  deviation  to  one 
side.  Paralysis  of  the  face  is  also  infrequent,  although  the  lips  are  some- 
times a  little  weak^  and  there  is  occasionally  distinct  loss  of  power  on  one 
side.  Very  rarely  there  is  considerable  bilateral  paralysis,  which  may 
involve  all  parts  of  the  face,  or  be  confined  to  the  lower  portion. 

Special  Senses. — Next  to  the  affection  of  the  palate,  both  in  frequency  and 
in  time,  is  loss  of  power  of  accommodation  of  the  eye,  from  paralysis  of  the 
ciliary  muscle.  This  is  always  described  by  the  patien  t  as  "  failure  of  sight, ' ' 
but  only  vision  for  near  objects  is  impaired.  It  has  been  alleged  that  the 
"far  point"  is  more  distant  than  under  normal  circumstances,  but  this 
statement  is  probably  erroneous.*  The  degree  to  which  sight  is  affected 
depends  on  the  refraction  of  the  eyeball,  i.  e.,  on  the  degree  to  which  the 
power  of  accommodation  is  habitually  employed.  With  normal  refraction, 
near  vision  is  considerably  interfered  with  ;  the  patient,  for  instance,  can- 
not read,  while  distant  vision  remains  good.  In  hypermetropia  this  effect  is 
still  more  marked,  while  if  there  is  myopia  vision  may  suffer  little  or  not  at 
all,  because  the  patient  does  not  need  to  accommodate.  Before  inferring 
the  absence  of  paralysis  from  the  absence  of  affection  of  sight,  it  is  there- 
fore necessary  to  ascertain  that  the  patient  is  not  myopic.  Both  eyes  are 
always  affected,  although  one  may  suffer  before  the  other.  The  failure  of 
accommodation  reaches  its  height  in  a  few  days,  and  usually  lasts  for  two  or 
three  weeks.  The  action  of  the  pupil  to  light  may  be  sluggish,  but  is  rarely 
lost ;  usually  there  is  contraction  on  an  effort  at  accommodation,  even  when 
no  accommodation  is  possible,  but  occasionally  this  associated  action  is  lost 
with  accommodation,  although  the  light  reflex  remains.  The  external 
muscles  of  the  eyeball  are  also  sometimes  affected.  As  the  ciliary  muscle  is 
regaining  power  there  may  be  undue  convergence  on  accommodation  from 
the  increased  voluntary  effort  affecting  the  internal  recti  in  undue  degree. 
The  most  common  palsy  is  weakness  of  the  internal  recti  conjoined  with 
the  paralysis  of  the  ciliary  muscle,  so  that  the  eyes  tend  to  diverge,  just  as 
they  often  do  in  near-sighted  persons  who  do  not  use  accommodation. 
Occasionally  there  is  paralysis  of  the  external  rectus  on  one  side.  I  have 
once  seen  double  ptosis,  and  paralysis  of  all  the  muscles  supplied  by  one-third 
nerve  has  been  observed.  In  two  cases,  almost  all  the  muscles  of  both  eyes 
became  paralyzed.  In  one,  the  right  eye,  was  quite  motionless,  and  in  the 
left  the  only  action  was  in  the  external  rectus ;  the  eyelids  also  drooped  ;  in 
the  limbs  there  was  ataxy  and  some  loss  of  power.  The  ocular  palsy  lasted 
a  month  (Uhthoff).  In  the  other  case  all  the  ocular  muscles  of  both  sides 
were  paralyzed  and  the  fields  of  vision  were  restricted.  There  was  also 
paralysis  of  palate,  right  side  of  the  face,  and  muscles  of  the  neck,  and 

*  See  Schmidt- Rimpler,  Berlin,  klin.  Wochenschr.,  1884,^0.  7. 
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ataxy  of  the  limbs.  The  patient  died  ;  the  morbid  appearances  will  be  men- 
tioned presently.*  I  have  also  seen  a  patient  who  described,  as  part  of  the 
palsy  after  diphtheria  at  the  age  of  twenty-two,  double  vision  and  double 
ptosis.  Sometimes  there  is  slight  paralysis  of  one  or  another  of  the  ocular 
muscles,  varying  from  day  to  day. 

There  is  not  often  any  other  obvious  affection  of  sight  than  that  which 
results  from  the  paralysis  of  accommodation.  Nevertheless,  it  is  probable 
that  a  concentric  contraction  of  the  fields  of  vision  is  not  uncommon  ;  it  is, 
as  it  were,  masked  by  the  effect  of  the  cycloplegia,  and  so  generally  escapes 
notice.  An  example  of  it  has  been  published  by  Jessop.f  and  it  was  present 
in  the  case  of  ophthalmoplegia  mentioned  above.  It  was  found  by  Herschel 
in  no  less  than  five  out  of  thirteen  cases  of  diphtheritic  cycloplegia  exam- 
ined.J     No  morbid  change  has  been  observed  with  the  ophthalmoscope. § 

Of  the  other  special  senses,  hearing  is  never  impaired,  but  I  have  twice 
known  the  sense  of  taste  to  be  lost,  and,  in  one  instance,  smell  was 
impaired,  although  taste  was  normal. 

Limbs. — The  affection  of  the  limbs  succeeds  that  of  the  soft  palate.  The 
loss  of  motor  power  always  comes  on  gradually,  and  varies  much  in  degree, 
but  is  rarely  or  never  absolute.  It  is  usually  bilateral  and  symmetrical ;  one 
side  may  be  affected  more  than  the  other,  but  there  is  never  limited  hemi- 
plegic  weakness.  The  legs  commonly  suffer  before  the  arms.  The  muscles 
become  flabby  and  toneless ;  the  invariable  loss  of  the  knee  jerk  has  been 
already  mentioned.  The  weakness  may  merely  be  sufficient  to  render  the 
patient  unduly  fatigued  with  slight  exertion,  or  it  maybe  such  that  standing 
is  impossible.  When  considerable,  there  is  a  peculiar  gait  that  is  very  suggest- 
ive; the  legs  are  moved  as  if  they  were  at  once  heavy  and  limp,  and  there  is 
not  the  aspect  of  stiffness  so  often  seen  in  spinal  paraplegia.  If  the  affection 
is  slight  there  may  be  no  change  in  electric  irritability,  but  when  consider- 
able weakness  has  existed  for  two  or  three  weeks,  there  is  generally  a  diminu- 
tion of  irritability  to  faradization,  which  may  increase  to  almost  complete 
loss.  The  muscles  still  respond  to  the  voltaic  current,  and  their  reaction  to 
it  may  be  altered  as  in  ordinary  peripheral  paralysis  (see  p.  67).  The  irri- 
tability of  the  nerve  trunks  is  lessened  to  both  faradaism  and  voltaism. 
Superficial  reflex  action  is  also  diminished  or  lost. 

In  slight  cases  sensation  may  be  unaffected,  but  it  usually  suffers  when  the 
motor  paralysis  is  severe,  and  occasionally  it  is  impaired  when  there  is  little 
motor  weakness.  Subjective  sensations  of  "  numbness,"  tingling,  "pins and 
needles,"  "formication,"  etc.,  and  sometimes  hypersesthesia,  may  precede 
diminution  of  sensibility,  and  are  often  complained  of  when  there  is  no  actual 
loss.  When  this  exists  it  may  involve  equally  pain  and  touch,  or  tactile 
sensibility  alone ;  it  is  always  greatest  toward  the  extremity  of  the  limbs.    I 

*  Mendel.     For  the  reference  to  these  cases,  see  p.  613.         \   Trans.  Ophth.  Soc,  1886. 
%  Berlin,  klin.  Wochenschrift,  1883,  No.  30. 

\  Care  must  be  taken  not  to  mistake  for  this  the  hysterical  amblyopia  which,  in  girls,  some- 
times comes  on  during  diphtheritic  paralysis  (see  p.  1226). 
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have  known  anaesthesia  to  be  confined  to  the  fingers  and  thumb  of  one  hand, 
in  a  case  in  which  both  tactile  and  painful  sensibility  had  been  lost  over  both 
legs.  Sometimes  the  distribution  of  anaesthesia  is  peculiar  ;  in  one  patient, 
tactile  sensibility  was  lost  on  the  palms  and  soles  and  preserved  elsewhere, 
even  on  the  dorsal  surfaces  of  the  hands  and  feet.  The  tips  of  the  fingers 
may  be  alone  affected.  If  there  have  been  pains  in  the  limbs,  the  loss  of 
sensation  may  correspond  to  them  in  position.  Muscular  sensibility  may 
also  be  impaired. 

Often  there  is  clumsiness  or  definite  incoordination  of  movement,  over 
and  above  the  weakness,  and  this  may  be  marked  when  there  is  little  or  no 
loss  of  power.  In  some  cases  it  is  associated  with  cutaneous  anaesthesia,  but  it 
is  certainly  independent  of  this,  since  it  has  been  observed  when  sensation 
was  unaffected.  The  incoordination  may  involve  the  arms  or  legs  or  both. 
In  the  legs  the  disorder  may  closely  resemble  locomotor  ataxy,  for  which  it 
is  occasionally  mistaken  ;  the  anaesthesia  and  absent  knee  jerk  facilitate  the 
error.  Sometimes  in  the  arms  the  disorder  of  movement  resembles  that  of 
general  paralysis  of  the  insane — Inhere  are  slight  irregular  twitching  move- 
ments, which  may  render  it  difficult  for  the  patient  to  take  hold  of  an  object. 

The  trunk  muscles  are  less  frequently  affected  than  are  those  of  the  limbs, 
but  they  may  become  so  weak  that  the  patient  is  unable  to  turn  over  in  bed. 
The  paralysis  of  the  intercostals  may  interfere  seriously  with  the  respiration, 
and  unexpelled  mucus  may  accumulate  in  the  bronchial  tubes  and  give  rise 
to  alarming  paroxysms  of  dyspnoea,  which  in  children  are  often  excited  by 
emotion.  Duchenne  asserted  that  the  muscles  of  the  bronchial  tubes  are 
paralyzed  in  these  cases,  but  the  fact  rests  on  inadequate  evidence,  since 
there  is  usually  sufficient  weakness  of  the  thoracic  muscles  to  explain  the  symp- 
toms. When  the  weakness  invades  the  neck  muscles  the  head  cannot  be 
supported,  and  the  diaphragm  sometimes  ceases  to  act.  Fortunately,  the 
paralysis  rarely  reaches  its  height  in  the  two  sets  of  respiratory  muscles  at  the 
same  time. 

Symptoms  of  cardiac  failure  are  among  the  most  grave,  but  among  the  less 
common,  manifestations  of  the  disease,  and  are  supposed  to  depend  on  paraly- 
sis of  the  vagus.  Irregularity  of  the  action  of  the  heart  is  not  uncommon 
apart  from  graver  cardiac  symptoms.  Of  these  the  first  indication  is  gener- 
ally retardation  of  the  pulse,  which  may  afterward  become  unduly  rapid,  and 
irregular  or  intermittent.  In  some  cases  the  retardation  precedes  the  quick- 
ening of  the  pulse.  In  either  condition  fatal  syncope  may  occur.  Accord- 
ing to  Leyden,  however,  these  symptoms  ought  to  be  ascribed  to  the  degen- 
eration of  the  muscular  substance  of  the  heart  rather  than  to  true  paralysis 
of  the  pneumogastric.  But  it  is  more  probable  that  the  visible  changes  in  the 
cardiac  tissue  are  the  result  of  the  nerve  lesion.  Dyspnoea  and  irregular 
breathing  are  sometimes  associated  with  the  cardiac  symptoms,  and  have 
been  likewise  ascribed  to  an  affection  of  the  vagus. 

The  bladder  is  affected  only  in  very  severe  cases.  There  may  be  either 
retention,  with  or  without  overflow  incontinence,  or  there  may  be  simple 
incontinence.     The  anal  sphincter  seldom  suffers,  but  the  obstinate  consti- 
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pation  sometimes  met  with  has  been  ascribed  to  a  paralysis  of  the  muscular 
coat  of  the  intestine.  Loss  of  sexual  power  is  not  uncommon  in  adult  males. 
Symptoms  of  vasomotor  paralysis  are  never  met  with,  nor  is  there  any 
marked  tendency  to  disturbance  of  the  nutrition  of  the  skin. 

Complications. — Convulsions  have  been  observed  in  a  few  very  severe  cases 
in  which  the  paralysis  has  commenced  during  the  course  of  the  primary 
disease.  They  are  to  be  regarded  rather  as  a  complication  of  the  diphtheria 
than  as  part  of  the  paralysis,  and  probably  result,  in  most  cases,  from  an 
organic  cerebral  lesion.  Hysterical  paralysis,  motor  and  sensory,  occasion- 
ally complicates  a  true  diphtheritic  palsy  in  those  who  are  predisposed  to 
hysteroid  disturbance.  Hysterical  symptoms  may  also  succeed  the  specific 
paralysis.  This  complication  sometimes  gives  rise  to  much  difficulty  in 
diagnosis,  as  will  be  mentioned  presently. 

A  very  rare  complication  is  sudden  hemiplegia,  evidently  the  result  of  a 
vascular  lesion  of  the  brain.  Three  cases  have  been  mentioned  by  Mendel, 
two  of  which  were  fatal ;  in  one  of  these  a  post-mortem  examination  showed 
a  minute  hemorrhage,  the  size  of  a  cherry  stone,  damaging  the  internal 
capsule.* 

Albuminuria  is  very  common  in  diphtheritic  paralysis,  usually  persisting 
from  the  primary  disease.  In  severe  cases,  that  are  quickly  fatal,  it  is 
seldom  absent. 

Course  and  Duration. — Diphtheritic  paralysis  varies  extremely  in  its 
extent,  severity,  and  course.  In  some  cases  the  palsy  is  limited,  slight  and 
transient.  In  others,  region  after  region  is  successively  attacked  ;  the  parts 
which  suffer  first,  as  the  palate  and  eye,  may  recover  before  the  limbs  are 
involved,  and  when  these  are  improving,  and  a  speedy  convalescence  is  hoped 
for,  paralysis  of  the  trunk  and  respiratory  muscles  may  come  on  and  throw 
the  patient  into  extreme  danger.  Irregular  waves  of  palsy  seem  to  flow 
through  the  body,  sometimes  quickly,  sometimes  slowly,  and,  determined 
as  it  is  by  influences  that  we  cannot  discern,  its  course  can  never  be  fore- 
told. As  a  rule,  however,  the  palsy  does  not  return  in  a  part  which  it  has 
once  left,  and  when  local  improvement  has  set  in  it  usually  continues, 
although  other  parts  may  become  weaker.  It  has  been  said  that  when  the 
paralysis  commences  before  the  primary  disease  is  over,  its  course  from  one 
part  to  another  is  slow  and  often  discontinuous,  but  when  it  commences 
some  time  after  the  primary  disease  it  exhibits  a  much  slighter  tendency 
to  remission  (Saun6).  To  this  rule,  however,  the  exceptions  are  very 
numerous.  In  fatal  cases  death  often  occurs  early,  even  within  the  first 
week  from  the  onset.  Sir  William  Jenner  has  pointed  out  that  in  the 
most  severe  and  serious  cases  the  interval  between  the  primary  disease  and 
the  onset  of  the  palsy  is  usually  short. 

The  total  duration  of  the  paralysis,  both  general  and  local,  varies  accord- 
ing to  its  extent,  but  is  generally  from  six  to  eight  weeks  in  cases  that 
recover.     A  local  paralysis  lasts  longer  if  other  parts  are  affected  than  if  it 

*-Neur.  Centralbl.,  f88j,  p.  133. 
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is  the  only  manifestation  of  the  disease.  When  the. palate  alone  is  affected, 
it  usually  recovers  in  two  or  three  weeks,  but  if  the  limbs  also  suffer,  the 
paralysis  of  the  palate  may  last  a  much  longer  time. ,  Loss  of  power  in  the 
limbs  always  endures  longer  than  the  affection  of  the  palate  or  eye  ;  it  rarely 
passes  away  in  less  than  two  months,  and  may  last  for  four  or  six  months. 
When  definite  improvement  has  commenced,  it  often  proceeds  rapidly, 
although  the  paralysis  may  have  been  severe  and  of  long  duration.  Thus, 
in  one  case,  paralysis  of  the  limbs  commenced  in  the  seventh  week,  slowly 
increased  until  the  twelfth  week,  remained  almost  complete  until  the  twen- 
tieth week,  when  improvement  commenced,  and  in  four  weeks  more  all 
trace  of  weakness  had  passed  away.  As  power  is  regained,  the  electric  irrita- 
bility of  the  muscles  becomes  normal.  The  loss  of  the  knee  jerk  is  the  last 
symptom  to  pass  away,  and  often  continues  for  several  weeks  after  good 
power  has  been  regained.     Ultimate  recovery  is  almost  always  perfect.* 

Death  may  occur  during  the  course  of  the  paralysis  from  other  sequelag 
of  the  primary  disease,  especially  from  renal  mischief.  The  palsy  is  fatal 
chiefly  by  three  mechanisms  :  (i)  Syncope  from  paralysis  of  the  heart.  (2) 
Asphyxia  from  paralysis  of  the  muscles  of  respiration.  (3)  Exhaustion  in 
consequence  of  inability  to  take  sufficient  food,  due  to  paralysis  of  the 
pharynx,  or  to  the  anorexia  and  the  repugnance  to  food  produced  by  the 
liability  for  it  to  get  into  the  larynx.  The  third  mechanism  is  effective 
especially  in  children. 

Pathological  Anatomy. — The  brain,  spinal  cord  and  nerves  present,  as 
a  rule,  no  morbid  appearances  to  the  naked  eye  beyond  a  variable  amount 
of  hyperemia  or  minute  extravasations  into  their  substance.  Very  rarely 
larger  foci  of  hemorrhage  are  met  with  in  the  brain.  Meningitis,  with 
scattered  spots  of  exudation  around  the  spinal  cord  and  medulla  oblongata, 
was  found  by  Pierret  in  one  case,  but  in  this  the  symptoms  were  different 
from  those  of  ordinary  diphtheritic  paralysis,  and  death  occurred  on  the 
second  day.  In  the  ordinary  form  of  palsy  the  membranes  are  always 
healthy,  except  that  there  may  be  signs  of  congestion,  and  even,  in  some 
cases,  hemorrhage  about  the  nerve  roots,  f  Nor  are  changes  found  in  other 
organs,  with  the  exception  of  the  heart ;  when  death  has  occurred  with 
symptoms  of  cardiac  paralysis,  the  substance  of  the  heart  may  be  pale,  from 
degeneration  of  the  muscular  fibres. 

The  true  pathological  anatomy  of  the  disease  is  revealed  only  by  the 
microscope.  The  muscles  have  sometimes  been  found  normal ;  in  other  cases, 
especially  those  of  long  duration,  granular  and  fatty  degeneration  of  the 
fibres  has  been  found,  variable  in  degree,  even  in  the   same  part  of  the 


*  In  extremely  rare  cases  some  part,  as  the  palate,  has  not  recovered,  and  other  paralyses 
have  developed  and  persisted,  apparently  due  to  chronic  disseminated  myelitis.  In  one 
child  a  form  of  irregular  bulbar  paralysis  (lips  and  palate)  developed  after  diphtheritic 
paralysis  at  four,  and  persisted  at  eleven  (Stadthagen,  Archiv.  f.  Kinderh.,  Bd.  v).  I  have 
seen  one  patient  in  whom,  a  year  after  the  diphtheria,  and  when  all  other  symptoms  had 
long  ceased,  there  was  considerable  defect  of  power  in  the  muscles  moving  the  left  foot,  with 
diminution  of  faradaic  irritability.  t  Buhl>  Zeitsck.f.  Biol.,  1867,  p.  359. 
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muscle  and  in  different  parts  of  the  same  fibre  (Fig.  331).  This  change  is 
usually  most  intense  in  the  palate,  but  has  been  found  also  in  the  muscles  of 
the  limbs.  In  all  severe  cases  degeneration  is  found  in  the  nerves  going  to 
the  paralyzed  parts,  either  in  the  peripheral  parts  of  the  nerves,  or  in  their 
whole  extent,  including  the  anterior  roots.  The  posterior  roots,  on  the 
other  hand,  are  normal.  The  change  not  only  corresponds  to  the  palsy  in 
distribution,  but  is  proportioned  to  it  in  degree.  It  consists  (see  Fig.  332) 
in  segmentation  and  breaking  up  of  the  white  substance  of  the  nerve  fibres, 
with  a  multiplication  of  the  nuclei  of  the  nerve  sheath,  an  accumulation  of 
granule  corpuscles  among  the  remains  of  the  fibres,  and  sometimes  even  a 
disappearance  of  the  axis  cylinders.  There  is  not,  as  a  rule,  any  inflammatory 
change  in  the  interstitial  tissue  of  the  nerves.  The  alterations  are  very  con- 
spicuous in  the  nerves  of  the  palate,  where  they  were  discovered  by  Charcot 


Fio.  331. 


Fig.  332. 
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Diphtheritic  paralysis.  Fibres  from  a 
paralyzed  muscle.  Recent  preparation. 
Granular  and  fatty  degeneration. 


Changes  in  the  fibres  of  the  anterior  roots,  picro-car- 
mine  preparation.  {After  Meyer \  Virchow's 
Archiv,  Bd.  85.) 

a.  Overgrowth  of  the  protoplasm  and  nuclei  of 
the  sheath;  the  axis  cylinder  is  continuous,  although 
the  medullary  sheath  is  interrupted  for  a  short 
distance. 

b.  Accumulation  of  granule  masses,  in  places 
interrupting  the  axis  cylinder,  fragments  of  which 
can  be  seen  between  the  globules  of  myelin. 

c.  A  fibre  in  which  the  degenerating  white  sub- 
stance ceases  suddenly,  leaving  the  axis  cylinder 
only  covered  with  the  thickened  sheath. 


and  Vulpian  in  1862,  and  to  these  nerves  it  was  thought  the  change  was  con- 
fined, until  it  was  found  in  the  anterior  spinal  roots  by  Buhl  in  1867,  and  in 
the  phrenic  nerve  by  Liouville  in  1872,  but  the  wide  extent  of  the  change, 
and  its  correspondence  with  the  position  and  degree  of  the  paralysis,  were 
only  demonstrated  by  Dejerine  in  1878.*  The  alteration  (which  can  be  best 
demonstrated  by  treating  recent  specimens  with  osmic  acid)  is  thus  limited, 
as  a  rule,  to  the  nerve  fibres.  It  is  essentially  the  same  as  occurs  in  simple 
degeneration  of  nerves,  and  is  often  described  as  "  parenchymatous  neu- 
ritis.'* It  is  the  more  marked  the  longer  the  paralysis  has  lasted.  Intersti- 
tial multiplication  of  nuclei  has  been  seldom  observed,  except  in  the  nerves 


*  Since  corroborated  by  Meyer,  Gaucher  and  others. 
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of  the  palate,  but  it  was  present  in  the  case  of  fatal  ophthalmoplegia 
mentioned  on  p.  1224;  the  nerves  to  the  eyeball  muscles  presented  indi- 
cates of  interstitial  inflammation,  as  well  as  the  acute  degenerative 
changes  in  the  fibres  themselves.  Minute  hemorrhages  were  found  in  the 
sixth  nerves.  In  one  exceptional  case  Meyer  found  nodular  swellings  on 
various  nerves,  formed  by  cellular  elements  (Fig.  333)  which  separated  the 
nerve  fibres. 

If  the  elements  of  the  spinal  cord  are  treated  with  osmic  acid  in  the 
recent  state,  the  motor  cells  may  be  found  in  a  state  of  intense  granular  and 
fatty  degeneration,  such  as  is  shown  in  Fig.  334  *  In  the  hardened  spinal 
cord,  the  white  columns  are  always  normal,  and  in  some  cases  no  change 
has  been  found  in  the  gray  substance.     In  other  cases,  however,  the  motor 


Fig.  333. 


Interstitial  and  parenchymatous  changes  in  the-phrenic  nerve; 
osmic  acid  preparations.     {AJter  Meyer,  loc.  cit.) 
The  three  separate  fibres  show  degeneration  of  the  nerve 
fibres  (segmentation  of  the  myelin,  etc.  J,  with  some  increase 
of  the  nuclei. 

The  lower  group  of  fibres  is  from  one  of  the  nodular  swell- 
ings on  the  same  nerve,  and  shows,  in  addition  to  the  degen- 
eration of  the  fibres,  considerable  increase  in  the  interstitial 
tissue. 


Fig.  334. 

'-^> 

^■^ 

.  4 

7 

■  '",  .  ' 

Motor  nerve  cells  from  the  anterior  cornu  of 
the  spinal  cord,  in  a  fatal  case  of  diphtheritic 
paralysis.  Recent  preparation  treated  with 
osmic  acid. 


nerve  cells  of  the  anterior  cornua  have  been  found  altered,  either  swollen 
and  unduly  homogeneous  or  vitreous  in  aspect,  or  smaller  than  normal,  and 
usually  with  shrunken  processes,  f     In  rare  instances  collections  of  nuclei 


*  Accumulations  of  granules  in  the  cells  have  been  regarded  as  micrococcal  by  some 
writers. 

f  Vulpian, "  Mai.  du  Syst.  Nerv.,"  1878;  Dejerine,  Gnz.  efts  Hdp.,  1880,  No.  42 ;  Abercrom- 
bie,  Trans.  Internat.  Med.  Congress,  188 1 ;  Percy  Kidd,  Med.-Chir.  Trans.,  1883,  p.  142. 
Kidd  observed  extensive  vacuolation  of  the  cells.  The  probable  significance  of  this  change 
has  been  already  mentioned ;  it  seems  to  occur  in  cells  the  nutrition  of  which  is  gravely 
altered.  Kidd's  figures  of  the  vacuolated  cells  are  almost  exactly  like  those  found  by  Sankey 
and  myself  in  the  dog,  in  chorea  (Med.-Ckir.  Trans.,  1879). 
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have  been  found  in  the  gray  substance.  Of  other  changes  which  have  been 
described,  the  significance  is  very  doubtful ;  such  are  "rarefaction  of  the 
gray  substance"  (Vulpian)  and  an  increase  of  nuclei  around  the  central 
canal,  often  filling  up  its  lumen,  an  appearance  frequently  seen  in  cords 
from  healthy  subjects,  and  which  is  probably  without  significance  in  this 
or  any  other  disease. 

Organisms  have  seldom  been  found  in  the  nerve  centres.  Accumulations 
of  micrococci  in  the  vessels  were  described  by  Oertel,*  and  of  rod-shaped 
bacteria  by  Klebs.f  A  remarkable  case  has  been  described  by  Buhl,J  in 
which  the  nerve  sheaths,  etc.,  were  infiltrated  with  bodies  described  as  like 
those  in  the  false  membrane.  In  this  case  there  were  also  numerous  infarcts 
in  the  brain,  as  if  from  extensive  vascular  obstruction. 

Pathology.— The  alterations  in  the  nerves  agree  perfectly  with  the  indi- 
cations afforded  by  the  electrical  reactions  in  severe  cases. §  There  is  the 
loss  of  faradaic  irritability  which  always  indicates  degeneration  of  the  nerve 
fibres,  and  the  persistence  of  voltaic  irritability  shows  that  the  muscular  tissue 
still  preserves  its  contractile  power.  The  alterations  in  the  nutrition  of  the 
muscular  fibres  sometimes  found  are  those  that  may  occur  in  other  forms  of 
nerve  degeneration,  and  correspond  to  this  also  in  their  inconstancy  and 
variations.  ||  Hence  it  is  probable  that  the  muscular  changes  are  purely  sec- 
ondary to  those  of  the  motor  nerve  fibres.  Degeneration  of  the  nerve  fibres, 
we  know,  always  results  either  from  their  primary  disease  or  from  disease  of 
the  motor  nerve  cells,  of  which  the  axis  cylinders  of  the  fibres  are  the  pro- 
longed processes.  This  degeneration  descends  the  motor  nerves  from  the 
point  at  which  it  commences.  In  all  known  primary  affections  of  the  nerve 
fibres,  the  change  begins  in  the  distal  parts  and  lessens  as  we  approach  the 
cord.  Hence  the  fact  that,  in  some  cases,  the  change  has  been  intense  in 
the  anterior  spinal  roots,  makes  it  probable  that  this  degeneration  is  the 
result  of  an  alteration  in  the  nerve  cells.  Such  disease  of  the  nerve  cells  has 
been  found  in  severe  cases.  The  change  in  the  cells  appears,  it  is  true,  to 
be  slighter  than  that  in  the  nerve  roots,  but  this  is  not  incompatible,  with 
the  assumed  relation  between  the  two.  We  know  that  a  transient  and  slight 
.  lesion  of  the  cells  often  causes  considerable  degeneration  in  the  fibres,  and 
the  fact  that  perfect  recovery  and  regeneration  of  the  nerves  occurs  in  diph- 
theritic paralysis  shows  that  its  cause  cannot  be  an  actually  destructive  alter- 
ation. Changes  of  nutrition  are,  moreover,  much  more  conspicuous  in  the 
nerves  than  in  the  cells. 

But  there  is  also  another  class  of  facts,  which  show  that  there  may  be  a 
degeneration  of  the  peripheral  parts  of  the  nerves,  when  the  nerve  roots  are 

*  Ziemssen's  Handb,,  ii,  1876,  p.  608. 

f  Eulenburg's  "  Real-Encyclop.,"  iv,  p.  167. 

J  Zeitsch.f.  Biol.,  iS6f. 

\  The  significance  of  the  electrical  reactions  was  pointed  out  as  long  ago  as  i866,by  Ziemssen 
[Berl.  kl.  Wochenschrift,  1866,  Nos.  43  and  44). 

||  Occasionally  in  injuries  to  nerves  or  in  disease  of  the  anterior  gray  matter  of  the  cord  the 
muscular  fibres  present  very  intense  granular  and  fatty  degeneration. 
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normal,  and  the  gray  matter  and  the  cells,  from  which  the  fibres  proceed, 
present  no  abnormal  appearance.  The  case  of  ophthalmoplegia  carefully- 
investigated  by  Mendel  is  an  instance  of  this;  the  centres  presented  no 
morbid  appearance,  although  the  alterations  in  the  nerves  to  the  eyeball 
muscles  were  profound.  Recent  research  has  shown  that  the  nerves  may 
suffer  primarily  in  many  diseases,  when  the  gray  matter  of  the  cord  escapes. 
When  the  peripheral  extremities  of  the  nerves  are  not  primarily  affected, 
they  must  suffer  by  secondary  changes,  and  the  condition  of  the  muscles  will 
thus  be  the  same,  whether  the  morbid  process  begins  in  the  nerves,  or  in  the 
gray  matter  of  the  cord. 

The  fact  that  the  lesion  may  begin  in  the  peripheral  nerves,  makes  it 
highly  probable  that  in  the  cases  in  which  the  nerve  cells  of  the  cord  are 
affected,  the  changes  in  the  peripheral  nerves  are  not  entirely  secondary.  It 
is  evident  that  if  slight  changes  in  the  cells  tend  to  cause  slight  secondary 
changes  in  the  nerves,  these  may  assume  disproportionate  intensity  under  an 
influence  that  tends  to  cause  a  primary  degeneration  in  the  fibres.  This 
affords  an  explanation  of  the  discrepancy  between  the  amount  of  visible 
alteration  in  the  nerve  fibres  and  in  the  nerve  cells,  which  has  been  noted 
by  several  observers. 

Thus  the  facts  of  pathological  anatomy  suggest  that  the  motor  palsy 
depends  essentially  on  acute  alterations  in  the  nutrition  (revealed  by  changes 
in  the  structure)  of  the  lower  segment  of  the  motor  path  (see  p.  130),  and 
that  sometimes  the  cells  and  sometimes  the  fibres  suffer  primarily.  The  lesion 
is  essentially  "parenchymatous,"  seated  in  the  nerve  elements  themselves. 
But  in  most  intense  changes  of  this  character  the  elements  of  the  interstitial 
connective  tissue  are  secondarily  involved  in  some  degree.  In  only  one 
recorded  case  were  widespread  interstitial  changes  so  intense  as  to  suggest  a 
primary  interstitial  inflammation — the  case  in  which  Meyer  found  minute 
nodular  swellings  in  the  nerves.  This  case  is  exceptional,  but  there  are  some 
other  facts  of  pathological  anatomy  that  enable  us  to  understand  the  occur- 
rence of  such  a  process.  We  have  seen  that  in  some  acute  cases  there  is  an 
accumulation  of  bacill^ry  or  micrococcal  elements  in  the  vessels  and  in  the 
nerve  sheaths,  and  it  is  evident  that  we  have  here  a  process  capable  of 
explaining  more  or  less  random  and  excessive  alterations  outside  the  nerve 
elements  themselves,  in  both  the  nerves  and  the  nerve  centres — alterations  in 
the  interstitial  tissue,  in  the  nerve  sheaths,  or  in  the  vessels.  This  may  also 
afford  an  explanation  of  the  tendency  to  extravasation  of  blood  that  has 
been  conspicuous  in  some  cases,  and  has  been  mote  considerable  in  amount, 
and  more  peculiar  in  seat,  than  can  be  accounted  for  by  the  mere  mechanical 
influence  of  asphyxial  congestion.  To  the  rule  that  the  neuritis  is  not  inter- 
stitial, there  is,  however,  one  common  exception,  that  of  the  nerves  of  the 
palate.  The  palatine  nerves  are  contiguous  to  the  inflammation  of  the  primary 
disease,  and  it  is  probable  that  they  are  influenced  by  the  abundant  growth 
of  organisms  in  the  false  membrane,  which  often  penetrate  into  the  substance 
of  the  mucous  membrane  and  even  into  the  tissue  beneath.  Interstitial 
inflammation   may   ascend   nerves,    although    the   purely   parenchymatous 
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neuritis  only  descends  them ;  hence  it  is  not  surprising  that  the  palatine 
nerves  should  sometimes  present  evidence  of  inflammation  through  a  con- 
siderable extent.  Thus  we  must  regard  the  essential  lesion  as  one  of  the 
nerve  elements,  and  the  special  implication  of  the  connective  tissue  and  the 
vessels  as  an  associated  and  to  some  extent  independent  lesion. 

The  affection  of  the  palatine  nerves  was  long  held  to  be  the  mechanism  by 
which  the  whole  of  the  nervous  lesion  was  produced.  It  was  thought  that 
the  inflammation  ascends  these  nerves  to  the  centre,  and  there  spreads.  But 
the  discontinuity  of  the  various  palsies  was  always  an  objection,  and,  in  fact, 
an  insuperable  objection,  to  this  theory.  The  discovery  of  the  lesion,  and 
the  demonstration  that  it  also  is  discontinuous,  have  rendered  the  theory 
merely  of  historical  interest. 

The  special  susceptibility  of  the  palate  is  not,  however,  altogether  explained 
by  the  fact  that  the  local  inflammation  may  extend  to  the  sheaths  of  the 
palatine  nerves.  A  considerable  time  usually  intervenes  between  the  primary 
angina  and  the  palsy  of  the  palate,  and  the  latter  may  be  the  first  symptom 
of  the  palsy  that  follows  diphtheria  of  a  surface  wound,  when  the  throat 
affection  is  altogether  wanting.  From  this  it  is  evident  that  there  is  a  special 
susceptibility  of  the  centres  or  nerves  of  the  palate  to  be  influenced  by  the 
cause  of  the  palsy.  If  this  is  true,  it  becomes  a  question  whether  the  local 
inflammation  has  as  much  to  do  with  the  occurrence  of  palsy  of  the  palate 
as  the  lesion  of  its  nerves  would  suggest.  The  peculiar  influence  of  some 
poisons  on  certain  parts  of  the  nerve  centres  is  well  known,  and  is  illustrated 
in  this  disease  by  the  paralysis  of  accommodation  —a  phenomenon  as  remark- 
able, if  not  more  remarkable,  than  the  paralysis  of  the  palate.  The  lesion 
underlying  the  cycloplegia  has  not  yet  been  discovered,  and  we  do  not  know 
whether  it  is  central  or  peripheral.  It  is  easier  to  conceive  that  the  isolated 
impairment  of  such  a  function  is  due  to  an  influence  on  the  centre,  than  that 
it  is  the  result  of  peripheral  nerve  changes. 

We  are  equally  ignorant  of  the  precise  cause  of  the  impairment  of  sensa- 
tion. The  analogy  of  the  motor  palsy  suggests  that  it  may  be  due  sometimes 
to  a  central  and  sometimes  to  a  peripheral  lesion  of  the  nerve  elements.  The 
cells  in  which  the  posterior  root  fibres  end  may  be  affected  in  the  same  way 
as  are  those  from  which  the  motor  nerve  fibres  proceed.  The  peripheral 
limitation  of  the  fields  of  vision,  occasionally  found,  points  to  a  central 
affection,  and  so  also  does  such  symmetrical  distribution  of  anaesthesia  as 
the  affection  of  the  palms  and  soles  mentioned'on  p.  1225.  We  must  remem- 
ber that  the  influence,  whatever  it  is,  that  causes  recognizable  alterations  in 
structure,  may  also,  in  less  degree,  cause  slighter  and  more  transient  impair- 
ment of  nutrition  and  of  function.  The  isolated  loss  of  the  knee  jerk  may 
be  due  to  such  an  influence  on  the  motor  cells;  when  there  is  actual  palsy, 
the  motor  lesion  affords  an  ample  explanation  of  the  loss,  since  the  symp- 
tom would  certainly  result  from  the  structural  changes  discovered  in  these 
cases.  An  alternative  explanation  of  the  isolated  loss  is  that  there  is  an 
affection  of  the  sensory  muscle  nerves  analogous  to  that  which  probably 
causes  the  symptom  in  tabes  (see  p.  313).     Distinct  muscular  anaesthesia  has 
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been  observed  in  diphtheritic  palsy,  and  an  affection  of  these  nerves,  or  of 
their  central  cells,  affords  the  readiest  explanation  of  the  ataxy  that  is  some- 
times so  conspicuous.  According  to  this  theory,  the  resemblance  between 
post-diphtheritic  ataxy  and  the  condition  of  the  tabetic  patient  is  more  than 
superficial,  since  we  have  seen  that  the  incoordination  of  tabes  must  also  be 
ascribed,  in  part  at  least,  to  an  affection  of  these  nerves. 

The  most  important  point  in  the  pathology  of  diphtheritic  paralysis,  its 
relation  to  the  primary  disease,  is  still  most  obscure.  For  the  remarkable 
facts  that  it  almost  always  commences  after  the  primary  disease  is  over,  and 
that  it  so  often  reaches  its  height  two  or  three  months  afterward,  there  is  at 
present  no  explanation.  While  the  presence  of  organisms  in  the  nerve 
sheaths  and  interstitial  tissue  suggests  that  the  inflammation  of  these  struc- 
tures may  be  due  to  the  irritation  of  an  organized  materies  morbi,  no  appear- 
ances have  been  seen  to  suggest  that  this  is  the  cause  of  the  change  in  the 
nerve  elements  which  is  the  essential  cause  of  the  palsy.  Are  these  changes 
the  result  of  some  nerve  poison  left  behind  by  the  diphtheritic  virus,  a  poison 
which  multiplies  in  the  body  without  causing  general  symptoms,  and  is 
certainly  incapable  of  infecting  another  person  ?  Or  are  they  due  to  the 
diphtheria  poison,  bacterial  or  other,  which  acts  on  the  nerve  elements  dur*- 
ing  the  primary  disease,  although  the  effect  on  the  nutrition  of  the  cells  and 
fibres  does  not  show  itself  until  some  time  after  the  virus  has  ceased  its  active 
ravages  ?  Or  are  they  due  to  some  poison  associated  with  that  which  causes 
the  throat  affection,  of  similar  nature,  but  not  necessarily  proportioned  to 
the  latter — indeed,  not  necessarily  coexisting  with  it — and  producing  its 
effects  without  pyrexia  ?  To  these  questions  at  present  no  answer  can  be 
given.  But  it  may  be  noted  that  the  absence  of  any  relation  between  the 
intensity  of  the  diphtheria  and  of  the  subsequent  paralysis  accords  best  with 
the  last  theory,  and  this  is  supported,  also,  by  a  very  remarkable  series  of  facts 
recorded  by  Boissarie.*  In  a  certain  district  of  Paris  there  occurred  a  series 
of  cases  of  severe  diphtheria,  and  at  the  same  time  a  series  of  cases  of 
paralysis  of  the  palate,  eyes,  limbs,  heart,  etc.,  perfectly  like  that  which 
occurs  after  diphtheria,  and  accompanied  by  albuminuria.  The  remarkable 
fact  is  that  in  these  cases  of  primary  palsy  there  was  no  history  of  preceding 
sore  throat,  and  in  several  of  the  cases  distinct  diphtheria  followed  the 
paralysis,  which  lessened  during  the  throat  affection.  Some  of  the  cases  of 
primary  palsy  seemed  to  arise  distinctly  by  infection. 

Diagnosis. — A  definite  attack  of  diphtheria,  and  the  characteristic  onset 
of  the  subsequent  paralysis,  render  the  diagnosis,  as  a  rule,  a  simple  matter. 
It  is  only  when  the  nature  of  the  preceding  disease  has  escaped  recognition 
that  any  real  difficulty  occurs.  It  must  be  remembered  that  an  offensive  dis- 
charge from  the  nose  is  sometimes  the  chief  indication,  of  diphtheria.  But 
the  onset  by  the  affection  of  the  throat  and  eye,  and  the  subsequent  progres- 
sive paralysis  in  the  limbs,  are  so  distinctive  as  to  indicate  at  once  the  nature 
of  the  symptoms,  and  also  that  of  the  preceding  sore  throat,  of  which  there 


*  Gaz.  Hebd.,  i$8z,  Nos.  20  and  21. 
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is  usually  a  clear  history.  In  most  cases  of  this  character  in  which  a  mistake 
is  made  there  has  been  a  considerable  interval  between  the  throat  affection 
and  the  palsy.*  Greater  difficulty  is  presented  by  those  cases  in  which  little 
attention  has  been  paid,  not  only  to  the  primary  disease,  but  also  to  the 
early  symptoms  in  the  throat  and  eye,  and  in  which  these  symptoms  pass 
away  before  the  limbs  become  affected.  In  such  a  case  the  symptoms  may 
readily  be  ascribed  to  a  primary  disease  of  the  spinal  cord.  The  absent 
knee  jerk  and  incoordination  may  simulate  locomotor  ataxy,  or  the  weakness 
may  be  mistaken  for  simple  paraplegia,  or  the  wasting  be  ascribed  to  a  sub- 
acute poliomyelitis.  An  important  distinctive  character  is  the  manner  in 
which  the  weakness  spreads  slowly  from  one  part  to  another,  often  lessening 
in  the  part  first  attacked.  In  such  cases  careful  inquiry  will  generally  elicit  a 
history  of  transient  difficulty  in  swallowing  and  in  reading,  commencing  not 
long  after  a  sore  throat.  The  change  in  electrical  irritability  is  usually  much 
slighter  than  in  acute  atrophic  paralysis,  while  in  the  latter  there  is  no  affec- 
tion of  sensation,  and  there  is  a  more  sudden  onset.  The  onset  of  diph- 
theritic paralysis  is  more  rapid  than  is  common  in  ataxy,  from  which,  also,  the 
marked  weakness  and  the  absence  of  much  pain  help  to  distinguish  it.  In 
simple  paraplegia  the  knee  jerk  is  usually  excessive,  and  it  is  never  absent 
unless  there  is  marked  wasting  or  anaesthesia  in  the  thigh. 

It  is  not  often  that  there  is  any  difficulty  in  distinguishing  between  diph- 
theritic paralysis  and  hysteria.  The  affection  of  the  palate,  almost  invari- 
able in  the  former,  is  never  met  with  in  the  latter  disease.  But  real  diffi- 
culty may  be  occasioned  by  the  fact  that  a  true  diphtheritic  paralysis  may  be 
succeeded  by  hysterical  palsy.  Thus,  in  one  case,  paralysis  of  the  palate 
and  ciliary  muscle  had  ceased,  but  was  succeeded  by  general  loss  of  power 
and  of  sensation,  supposed,  also,  to  be  diphtheritic.  The  girl  was  lying  in 
bed  almost  motionless,  with  universal  anaesthesia  and  convergent  strabismus 
from,  it  was  supposed,  a  paralysis  of  both  sixth  nerves.  Under  emotional 
excitement,  however,  the  limbs  were  moved  with  considerable  force.  The 
anaesthesia  was  universal  in  extent,  a  most  unusual  symptom  in  diphtheritic 
paralysis.  Moreover,  the  eyes  could  be  moved  to  right  and  left,  but  the  con- 
vergence was  maintained  during  the  movement,  and  was  thus  clearly  due  to 
considerable  spasm  of  the  internal  recti ;  such  spasm  is  never  met  with  in 
diphtheritic  paralysis  except  in  slight  degree  on  an  effort  at  accommodation. 
The  diagnosis  of  hysterical  paralysis  was  confirmed  by  the  patient's  rapid 
recovery  under  moral  treatment.  In  such  cases  the  knee  jerk  may  give 
important  guidance.  Thus  a  girl  presented  herself  with  weakness  of  the  left 
leg,  and  anaesthesia  of  both  leg  and  arm,  symptoms  that  had  existed  since 
an  attack  of  diphtheria  six  months  before.     There  was,  also,  loss  of  accom- 


*  Thus,  a  young  man  came  to  me  with  distinct  symptoms  of  diphtheritic  paralysis,  the 
nature  of  which  had  not  been  recognized.  He  had  lost  a  brother  from  diphtheria  three 
months  before,  and  the  patient  himself  had  suffered  from  a  sore  throat  ten  days  before  his 
brother  was  taken  ill.  He  had  not  seen  a  doctor,  considering  that  such  affections  "  were 
better  left  alone.1' 
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modation  and  of  convergence.  The  latter  was  no  doubt  diphtheritic,  but 
the  knee  jerk  in  the  leg  was  normal,  and  this  made  it  certain  that  the  palsy 
of  the  leg  was  not  diphtheritic,  and  probable  that  it  and  the  anaesthesia  were 
purely  functional,  an  opinion  confirmed  by  the  previous  history  of  the  patient 
and  the  subsequent  progress  of  the  case.  She  had  had  a  similar  transient 
hemiplegic  attack  two  years  before,  and  faradaism  removed  the  palsy  in  a 
few  days. 

The  Prognosis  in  diphtheritic  paralysis  is,  on  the  whole,  good,  so  long  as 
there  is  not  grave  exhaustion  from  the  preceding  disease,  evidence  of  cardiac 
paralysis,  weakness  of  the  muscles  of  respiration,  or  inability  to  take  food. 
In  each  of  these  conditions  there  is  danger.  Considerable  retardation  in 
the  heart's  action  is  also  a  more  serious  symptom,  and  so  is  extreme  frequency 
or  irregularity.  The  failure  of  respiratory  power  is  most  grave  when  both 
the  intercostals  and  the  diaphragm  become  weak  at  the  same  time;  the 
amount  of  mucus  accumulating  in  the  chest  is  an  accurate  indication  of  the 
degree  of  danger.  Paralysis  of  the  vocal  cords  is  rarely  a  cause  of  death, 
because  it  is  usually  incomplete,  but  paralysis  in  the  region  of  the  superior 
laryngeal  nerve  is  serious,  because  it  is  so  often  associated  with  pharyngeal 
paralysis;  food  readily  enters  the  insensitive  opening  to  the  larynx,  and  may 
thus  cause  great  distress,  and  even  reach  the  lungs  and  set  up  a  form  of 
pneumonia.  Paralysis  of  the  muscles  of  the  neck  is  a  rather  grave  symptom, 
because  paralysis  of  the  diaphragm  and  pharynx  so  often  occur  in  conjunc- 
tion with  it.  The  sooner  the  paralysis  comes  on  after  the  primary  disease 
the  greater  is  the  danger  to  life.  If  a  serious  form  of  palsy  (e.  g.,  that  of  the 
heart)  commences  during  the  first  week  of  the  affection,  the  chances  are 
much  against  the  recovery  of  the  patient. 

The  duration  of  an  attack  is  difficult  to  foretell.  As  a  rule,  the  more 
severe  the  palsy  the  longer  will  it  last.  If  the  paralysis  of  the  palate  is  con- 
siderable and  lasts  some  weeks,  it  is  improbable  that  the  limbs  will  escape, 
or  that  the  attack  will  be  over  in  less  than  two  months.  If  the  legs  become 
very  feeble,  the  arms  will  almost  certainly  suffer  also.  On  the  other  hand, 
if  the  paralysis  of  the  palate  is  brief  in  duration,  there  is  a  fair  prospect  that 
the  limbs  may  escape.  It  must,  however,  be  remembered  that  complete 
recovery  from  the  early  initial  symptoms  does  not  preclude  the  occurrence 
of  others,  but  it  is  not  probable  that,  in  such  a  case,  they  will  be  severe. 

The  prognosis  is  more  serious  in  children  than  in  adults,  chiefly  on 
account  of  their  smaller  reserve  of  strength,  and  the  greater  difficulty  of 
feeding  them  if  complications  interfere  with  the  ordinary  method. 

Treatment. — Of  first  importance  in  the  treatment  of  diphtheritic 
paralysis  is  restoration  and  maintenance  of  the  patient's  strength,  already 
weakened  by  the  previous  disease.  For  this  end  feeding  is  at  once  the  most 
important  and  the  most  difficult  measure.  Easily  digested  nourishment 
should  be  given  at  frequent  intervals,  with  wine  or  brandy  if  the  pulse,  indi- 
cates it.  When  the  palate  is  paralyzed,  pulpy  foods  are  swallowed  much 
better  than  liquids,  and  the  affection  of  the  palate  does  not  usually  interfere 
with  a  due  amount  being  taken.     A  much  more  serious  obstacle   is  the 
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paralysis  of  the  pharynx  or  of  the  epiglottis  and  upper  part  of  the  larynx. 
In  the  former,  deglutition  may  be  difficult  or  impossible  ;  in  the  latter,  food 
Cannot  be  kept  out  of  the  larynx  and  attempts  to  swallow  occasion  so  much 
distress  that  mental  repugnance  is  added  to  the  physical  difficulty,  and  it 
may  be  impossible  to  give  food  in  the  ordinary  way.  It  is  indeed  inadvis- 
able to  do  so  if  particles  of  food  and  drink  constantly  get  into  the  larynx, 
on  account  of  the  danger  of  pulmonary  complication.  Food  must  therefore 
be  injected  into  the  rectum,  or  given  by  means  of  a  small  oesophageal  tube 
or  large  gum-elastic  catheter.  A  flexible  tube  passed  through  the  nose  does 
not  answer  so  well  in  these  cases,  because  the  paralysis  often  extends  to  the 
lower  part  of  the  pharynx,  and  it  is  absolutely  necessary  that  the  extrem- 
ity of  the  tube  should  be  below  the  paralyzed  portion.  Which  method, 
rectal  or  oesophageal,  should  be  adopted,  must  depend  on  age  and  condi- 
tion, but  it  is  absolutely  essential  that  the  patient  should  not  be  allowed  to 
pass  more  than  twelve  hours  without  food  being  given,  in  sufficient  quantity, 
by  one  or  the  other  method.  It  is  unwise,  in  the  case  of  children  especially, 
to  wait  in  the  hope  that  the  child  may  presently  be  induced  to  take  food. 
Few  cases  of  severe  diphtheritic  paralysis  can  survive  forty-eight  hours'  com- 
plete fasting,  and  the  danger  of  producing  exhaustion  by  the  procedure  of 
feeding  is  greater  the  longer  the  abstinence  has  continued. 

The  variable  course  of  diphtheritic  paralysis,  and  its  ultimate  tendency  to 
recovery,  render  the  influence  of  drugs  upon  it  very  difficult  to  ascertain. 
There  is  no  evidence,  at  present,  that  any  agent  has  a  considerable  influence 
on  the  morbid  process  itself.  Tonics,  especially  iron  and  quinine,  often 
seem  to  be  useful.  Strychnine  has  been  largely  employed,  and  sometimes 
seems  of  actual  service.  But  it  is  certainly  powerless  to  neutralize  the  mor- 
bid process  in  its  early  stages,  and  seems  to  be  without  influence  on  the 
spread  of  the  disease.  Moreover,  it  is  not  wise  to  give  large  doses  of  a 
drug  that  stimulates  the  nerve  cells  so  powerfully.  Belladonna  in  large  and 
frequent  doses  has  been  thought  by  Abercrombie  to  do  good. 

Of  local  treatment  for  the  paralysis  the  most  important  are  rubbing  and 
electricity.  The  slowly  interrupted  voltaic  current  should  be  used,  to  which 
alone  the  muscular  fibres  are  capable  of  responding  if  the  paralysis  is  severe. 
The  current  should,  if  possible,  be  of  such  a  strength  as  will  cause  the 
muscles  to  contract.  In  the  case  of  children,  if  an  adequate  strength 
causes  severe  emotional  disturbance,  it  is  far  better  to  be  content  with  a 
weaker  current,  as  strong  as  can  be  borne  without  distress  or  alarm.  The 
utmost  good  electricity  can  do  is  very  small  compared  with  the  harmful 
influence  of  a  daily  fright. 

Among  special  symptoms  which  may  require  treatment,  the  paralysis  of 
the  pharynx  has  been  already  considered.  The  loss  of  accommodation 
scarcely  calls  for  treatment,  and  it  is  doubtful  whether  anything  can.be  done 
for  it.  The  application  of  eserine  (a  half  per  cent,  solution  in  water)  twice 
a  day  has  been  recommended  by  Herschel,  but  there  is  much  doubt  whether 
it  has  any  influence  on  the  duration  of  the  affection.  If  there  are  symptoms 
of  cardiac  failure,  the  patient  should  be  kept  in  the  recumbent  posture,  since 
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fatal  syncope  has  occurred  on  sudden  rising.  For  undue  frequency  of  action 
small  doses  of  digitalis  may  be  given,  the  effect  being  carefully  watched. 
Duchenne  recommends  faradaism  to  the  precordial  region  as  a  powerful 
means  of  stimulating  a  failing  heart,  and  several  other  French  writers  have 
endorsed  his  recommendation. 

Failure  of  the  muscles  of  respiration  is  rarely  so  complete  as  to  cause 
death  directly,  but  when  mucus  accumulates  in  the  chest,  suffocating  parox- 
ysms are  apt  to  occur,  which  are  attended  with  some  danger.  If  life  is. 
threatened  in  one  of  these,  artificial  respiration  may  carry  the  patient  over 
the  attack,  and  Duchenne  recommends  reflex  stimulation  of  the  respiratory 
centre  by  faradaism  to  the  back  of  the  chest.  An  account  of  a  case  in 
which  the  method  was  employed  with  success  has  been  given  by  Millard.* 
The  patient  was  a  man  aged  thirty,  and  paralysis  of  the  palate,  diplopia  and 
weakness  of  the  limbs  had  existed  for  about  three  weeks,  when  suddenly  dis- 
tress in  breathing  came  on  ;  expiration  was  short  and  sudden,  mucus  accu- 
mulated in  the  air  passages,  causing  a  loud  tracheal  rale ;  the  patient  could 
not  expel  it,  and  asphyxia  seemed  imminent.  Duchenne  was  called  in,  and, 
noting  that  the  diaphragm  acted  well,  and  that  the  source  of  the  trouble 
was  the  deficient  expiration,  faradized  the  skin  at  the  back  of  the  thorax, 
and  thus  "rapidly  reestablished  the  expiratory  power,  and  caused  the  imme- 
diate expulsion  of  a  quantity  of  bronchial  mucus.  The  patient  was  imme- 
diately relieved,  and,  the  application  being  repeated  during  the  next  few 
days,  all  alarming  symptoms  passed  away,  and  he  ultimately  recovered." 


HYDROPHOBIA. 

Hydrophobia  is  the  name  given  to  a  malady,  when  it  affects  man,  which 

is  called  rabies  when  an  animal  is  the  subject  of  it.     It  is  a  specific  disease, 

always  due  to  a  specific  poison,  always  contracted  from  an  animal,  and,  like 

syphilis,  transmissible  only  by  inoculation.     It  is  manifested  by  symptoms 

that  are  chiefly  due  to  a  disturbance  of  the  nervous  system,  and  is  almost 

always  fatal. 

RABIES  IN  ANIMALS. 

Before  describing  the  disease  as  it  occurs  in  man,  it  will  be  well  to  give  a 
brief  outline  of  the  characters  of  the  affection  in  animals.  The  fullest 
description  of  it  is  that  given  by  Fleming  in  his  work  on  the  disease. f  The 
malady  in  animals,  as  in  man,  is  invariably,  or  almost  invariably,  due  to 
inoculation  by  a  bite.  It  is  the  opinion  of  Fleming  that  it  arises  spontane- 
ously in  very  rare  instances,  but  this  is  not  certain.  J  It  occurs  in  dogs, 
wolves,  foxes  and  cats,  and  by  these  it  is  commonly  transmitted,  especially 
by  the  first  two.    It  occurs,  also,  in  the  herbivora  and  some  rodents,  but  it  is 

*  Landouzy,  "  Des  Paralysies  dans  les  maladies  aigues,"  1880,  p.  87. 

f  Some  additional  facts,  observed  during  a  long  series  of  investigations,  are  described  by 
Dowdeswell  (Proc.  Royal  Society,  vol.  xliii,  p.  48).  His  description  has  been  followed  in 
the  above  account;  %  Ibid.,  p.  450. 
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probably  transmitted  by  them  only  in  very  rare  instances.  In  the  dog  the 
first  symptom  is  dullness,  with  an  indisposition  to  move.  Then  the  animal 
becomes  shy  and  suspicious.,  or  threatening  in  manner,  and  afterward  irri- 
table and  restless,  with  a  strong  tendency  to  bite.  Throughout  the  early 
period  there  is  a  depraved  appetite ;  ordinary  food  is  rejected,  and  hay, 
straw,  cloth,  wood  and  cinders,  and  even  the  animal's  own  hair,  are  eaten. 
This  is  a  very  important  characteristic,  because  the  presence  of  such  sub- 
stances in  the  stomach  constitutes  one  of  the  most  important  signs  by  which 
the  disease  can  be  recognized  after  death.*  The  bark  usually  becomes 
changed  into  a  peculiar  howl,  which  begins  with  a  short,  low  note  and  ends 
with  a  long  higher  note ;  it  has  a  peculiar  metallic  ring.  There  may  be 
drooping  of  the  lower  jaw  and  weakness  of  the  muscles  of  deglutition  ;  these 
may  prevent  the  animal  swallowing,  but  there  is  no  dread  of  water.  Ulti- 
mately palsy  always  comes  on  ;  first  manifested  by  unsteadiness  of  move- 
ment, then  by  increasing  weakness  of  the  legs,  until  the  creature  cannot 
stand.  It  then  usually  becomes  comatose  and  dies.  A  distinction  has  been 
made  between  "dumb  or  paralytic  rabies"  and  "furious  rabies,"  but  the 
difference  depends  only  on  the  degree  of  excitement ;  all  cases,  if  permitted 
to  run  their  course,  end  in  paralysis.  After  death,  distinct  changes  are 
often  to  be  found  in  the  nerve  centres.  There  is  congestion  of  membranes 
and  in  the  cortex,  with  accumulations  of  lymphoid  cells  about  the  vessels, 
especially  intense  beneath  the  lower  part  of  the  fourth  ventricle,  where 
I  have  found  the  tissue  in  a  state  indistinguishable  from  that  of  acute 
inflammation.  The  changes  are  essentially  the  same  as  those  to  be  described 
as  often  present  in  man.  There  may  be  minute  extravasations,  and  some- 
times hemorrhage  visible  to  the  naked  eye.  Similar  but  usually  slighter 
changes  are  often  found  in  the  gray  matter  of  the  spinal  cord.  The  larynx 
and  trachea  are  usually  congested,  and  so  also  are  the  lungs. 

In  the  stomach,  besides  the  peculiar  contents  already  mentioned,  minute 
exfravasations  are  commonly  seen  in  the  mucous  membrane.  The  salivary 
glands  present  no  constant  changes  nor  do  other  organs. 

In  the  rabbit,  according  to  Dowdeswell,  the  symptoms  are  dullness,  fol- 
lowed by  excitement,  transient  pyrexia,  and  progressive  paralysis,  which  is 
the  cause  of  death.  The  post-mortem  changes  are  similar  to  those  in  the 
dog,  but  the  stomach  contains  ordinary  food. 

Pasteur  has  discovered  that  the  virus  exists,  after  death,  in  the  central 
nervous  system  as  well  as  in  the  salivary  glands,  and  Dowdeswell  has  found 
that  it  is  also  abundant  in  the  peripheral  nerves.  Inoculation  with  these  tis- 
sues produces  the  disease  even  more  certainly  than  does  that  of  the  salivary 

*  This  sign  has,  indeed,  been  regarded  as  pathognomonic,  and  is  usually  accepted  and 
employed  as  such.  Doubts  have,  however,  been  thrown  on  its  value.  Gibier,  Gaz.  Ifeb., 
1884,  No.  29,  etc.,  states  that  he  has  repeatedly  failed  to  obtain  evidence  of  the  rabid  state 
of  animals  in  whose  stomach  hay  and  straw  were  found,  when  he  employed  the  test  sub- 
dural inoculation.  Mr.  E.  Batt,  Vet.  Surgeon  to  the  Brown  Institution,  informs  me  that  this 
feature  is  not  uncommon  apart  from  rabies,  and  that  it  is  very  difficult  to  feel  confident, 
from  post-mortem  signs  alone,  that  an  animal  has  died  from  this  disease. 
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glands.  Pasteur  has  also  proved  that,  in  animals,  the  disease  is  produced 
far  more  surely,  and  with  a  more  uniform  incubation  period,  when  the  inocu- 
lation is  made  beneath  the  dura  mater,  by  trephining  the  skull,  than  when 
it  is  subcutaneous.  The  period  of  incubation  is  very  variable  in  animals, 
especially  when  the  inoculation  is  subcutaneous.  In  intracranial  inoculation 
it  is  generally  about  seventeen  or  nineteen  days,  and  this  whatever  be  the 
source  of  the  virus.  By  passing  the  virus  through  a  series  of  rabbits,  the 
period  becomes  shortened  to  six  oryseven  days,  and  remarkably  uniform. 
The  poison  exists  in  the  tissues  only  toward  the  end  of  the  period  of  incu- 
bation. Nothing  is  yet  certainly  known  of  the  nature  of  the  virus.  It  is 
supposed  by  most  observers  that  it  must  be  a  micro-organism,  but  attempts 
to  discover  and  isolate  it  have  been  only  partially  successful.* 

RABIES  IN  MAN. 

Human  rabies,  or  hydrophobia  as  it  is  commonly  called  (from  the  fre- 
quent dread  of  water),  is  invariably  acquired  from  a  rabid  animal,  and  is 
almost  invariably  due  to  inoculation  with  the  saliva.  It  never  arises  spon- 
taneously in  man.  The  inoculation  is  commonly  effected  by  a  bite.  In 
nine-tenths  of  the  cases  the  disease  is  contracted  from  a  dog,  in  a  few  cases 
from  cats,  very  seldom  from  a  fox  or  a  wolf.  It  has  been  due  to  a  wound 
received  in  the  dissection  of  a  rabid  animal,  f  It  is  not  certain  that  the 
inoculation  with  the  blood  of  a  rabid  animal  will  produce  the  disease.  The 
activity  of  the  poison  appears  to  be  rapidly  destroyed  by  decomposition. 
After  post-mortem  decomposition  has  commenced,  and  cadaveric  rigidity 
has  passed  away,  it  is  said  that  the  disease  can  no  longer  be  produced  by 
inoculation  even  with  the  saliva.  It  is  certain,  however,  that  the  saliva, 
dried  before  decomposition,  retains  its  virulence  for  a  longer  period,  cer- 
tainly for  days. 

A  bite  is  more  effective  if  upon  an  uncovered  part  of  the  body,  as  the 
face  or  hand,  than  if  inflicted  through  the  clothes,  by  which  the  saliva  may 
be  wiped  from  the  tooth.  Children  are  often  bitten  about  the  face,  and  a 
large  proportion  of  those  who  are  so  bitten  are  attacked.  It  is  said  that  a 
bite  inflicted  immediately  after  a  preceding  bite  is  'less  likely  to  infect,  as 
the  teeth  may  have  been  cleaned  by  the  preceding  bite.  For  inoculation, 
the  poison  has  to  come  in  contact  with  the  blood  or  fluids  of  the  body,  and 
this  is  sometimes  effected  without  an  actual  bite.  The  disease  has  been  pro- 
duced by  a  rabid  dog  merely  licking  a  scratch  upon  the  hand,  and  it  has 
resulted  from  the  teeth  having  been  used  to  loosen  a  knot  upon  a  rope  with 

*  At  least,  so  far  as  positive  results  are  concerned.  Gibier  (Comptes  Rend.,  1884,  vol.  98, 
and  Thtee  de  Paris,  1884,)  and  also  Dowdeswell  (loc.  cit. )  found  an  organism  in  abundance 
in  the  central  nervous  system  in  some  cases  ;  it  was  extremely  difficult  to  stain  and  recog- 
nize, and  this,  if  it  was  really  the  microbe  of  rabies,  explains  the  frequent  failure  to  discover 
it.  Dowdeswell  obtained  some  cultivations  from  it,  and  one  animal  inoculated  with  the  cul- 
tivated organism  seemed  to  be  protected  from  the  effects  of  the  active  virus  {Lancet,  1886, 
vol.  i,  p.  1 1 12). 

f  For  an  instance  see  Bollinger,  Ziemssen's  Handbuch,  Bd.  iii,  p.  542. 
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which  a  rabid  dog  had  been  tied  up.  A  person  has  been  inoculated  by  a 
bite  from  a  healthy  dog  inflicted  immediately  after  it  had  been  fighting  with 
a  rabid  animal,  the  saliva  of  which  was  no  doubt  inoculated.  The  malady 
has  followed  the  scratch  of  a  cat,  probably  by  the  animal's  saliva  having 
thus  been  introduced. 

It  has  been  said  that  hydrophobia  has  been  produced  by  the  bite  of  an 
animal  not  suffering  from  rabies.  This  is  opposed  to  all  that  we  know 
of  the  origin  of  other  diseases.  The  statement  rests  upon  some  facts  which 
seem  to  establish  that  hydrophobia  may  result  from  the  bite  of  a  dog  which 
did  not  at  the  time,  or  for  several  weeks  afterward,  present  the  recognized 
symptoms  of  the  disorder.  The  best  explanation  of  these  facts  is  probably 
that  in  some  rare  and  exceptional  circumstances,  rabies  may  affect  a  dog 
as  a  transient  insignificant  malady,  communicable,  however,  by  inocu- 
lation.* 

Not  all  those  who  are  bitten  by  a  rabid  animal  contract  the  disease.  The 
difficulty  of  ascertaining  the  precise  proportion  is  very  great,  on  account  of 
the  frequent  uncertainty  as  to  the  exact  nature  of  the  affection  of  the  dog. 
It  has  been  calculated  that,  of  those  bitten  by  certainly  rabid  dogs,  47  per 
cent,  suffer ;  of  those  uncauterized,  83  per  cent. ;  of  those  promptly  cau- 
terized, only  33  per  cent.  On  the  other  hand,  of  persons  bitten  by  dogs 
merely  suspected  to  be  mad,  only  8  per  cent,  suffer. f  The  immunity  of 
some  persons  is  perhaps  due  to  bites  having  been  inflicted  through  the 
clothes,  or  to  the  animal's  teeth  having  been  cleaned  by  preceding  bites, 
but  the  poison  probably  varies  in  virulence,  and  it  is  possible  that  there  are 
individual  differences  in  susceptibility,  such  as  apparently  exist  in  dogs. 

The  incidence  of  rabies  is  determined  by  exposure  to  the  risk  of  bites, 
especially  on  uncovered  parts.  Hence  more  males  than  females  suffer, 
the  proportion  being  about  four  to  one.  The  largest  number  of  cases  in 
males  occur  during  the  middle  period  of  life,  but  very  few  adult  women  are 
affected.  Children  of  both  sexes  often  suffer ;  they  are  much  exposed  to 
the  risk  of  bites  on  the  face  and  hands  from  straying  dogs,  and  no  less 
than  two-fifths  of  all  cases  are  under  fifteen.  J 

The  period  of  incubation  varies  between  wide  limits,  and  is  longer  and 
more  variable  than  that  of  any  other  known  acute  specific  disease.  The 
common  period  is  from  six  to  ten  weeks.  Bauer  has  calculated  the  average 
period  of  510  cases  to  have  been  seventy-two  days,  and  rather  longer  in  men 
(eighty-five  days)  than  in  women  (sixty-five  days).     It  is  shorter  when  it  is 

*  Pasteur  has  observed  apparent  recovery  in  dogs,  and  in  some  cases  of  the  kind  a, 
relapse  of  the  disease  occurred — once  after  an  interval  of  some  months. 

f  Bollinger,  loc.  cit.,  from  the  statistics  of  Tardieu,  Thamhayn,  and  Bouley. 

\  During  the  twenty- five  years  ending  1872  (Reg.-Gen.  Rep.,  187s),  299  males  and  74. 
females  died  from  hydrophobia.  89  males  and  33  females  were  under  15,  =  one  third  of 
the  males,  and  four-sevenths  of  the  females.  The  greater  relative  male  liability  is  least 
(but  still  considerable)  in  childhood,  and  increases  up  to  45 ;  the  ratio  between  the  sexes  is 
2  to  1  in  the  first  five  years,  and  3  to  1  in  the  third  :  during  the  thirty  years  1 5-45  it  is  %yt  to  I . 
In  later  life  the  preponderance  of  males  is  not  so  great. 
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on  the  head  or  neck  than  when  on  the  limbs.*  In  at  least  half  the  cases 
the  disease  develops  in  from  one  to  three  months  after  the  bite.  In  a  few 
cases  the  period  is  less  than  a  month,  the  shortest  observed  having  been 
about  twelve  days.  Cases  are  not  uncommon  in  which  the  period  is  more 
than  three  months — six,  nine,  and  in  some  cases  even  twelve  or  eighteen.")" 
Instances  have,  indeed,  been  recorded  in  which  five,  ten  or  twelve  years  are 
said  to  have  passed ;  most  authorities  consider  that  in  such  cases  there  has 
probably  been  a  second  unnoticed  infection.  It  is,  however,  certain  that 
the  disease  may  occur  after  an  interval  of  a  year  or  of  eighteen  months.  It 
is  difficult,  therefore,  to  deny  the  possibility  that  an  interval  of  several 
years  may  elapse.  It  is  almost  as  difficult  to  explain  an  incubation  period  of 
one  year  as  of  five  years. 

Symptoms. — During  the  period  of  incubation  there  are  commonly  no 
symptoms.  Occasionally  pain  or  unpleasant  sensations  are  felt  at  the  seat  of 
the  wound,  explicable  in  part  (but  not  altogether)  by  the  attention  which  is 
directed  to  it.  Mental  depression  is  occasionally  conspicuous,  but  is  com- 
monly the  result  of  the  sufferer's  knowledge  and  anticipation  of  the  possible 
consequences  of  the  bite.  At  the  onset  of  the  acute  symptoms,  there  may 
be  considerable  local  pain,  occasionally  radiating  up  the  limb.  It  may  com- 
mence a  few  days  or  a  week  before  other  symptoms.  Even  more  frequently 
all  local  symptoms  are  absent.  Usually  the  first  indications  of  the  impend- 
ing malady  are  a  sense  of  general  malaise,  mental  depression,  disturbed 
sleep,  and  some  discomfort  about  the  throat — an  occasional  sense  of  choking, 
or  a  little  difficulty  in  swallowing  liquids.  The  attempt  to  drink  occasions 
some  spasm  in  the  pharynx,  which  increases  in  the  course  of  a  few  hours, 
and  spreads  to  the  muscles  of  respiration,  causing  a  short,  quick  inspiration, 
a  "  catch  in  the  breath,"  resembling  that  which  is  produced  in  health  by  an 
affusion  of  water.  This  increases  in  severity  to  a  strong  inspiratory  effort,  in 
which  the  extraordinary  muscles  of  respiration,  sterno-mastoid,  scaleni,  etc., 
and  even  the  facial  muscles,  take  part;  the  shoulders  are  raised,  and  the 
angles  of  the  mouth  drawn  outward.  As  the  intensity  of  the  spasm  increases, 
so  does  the  readiness  with  which  it  is  excited.  It  may  be  caused  by  the 
mere  contact  of  water  with  the  lips,  and  a  state  of  cutaneous  hyperesthesia 
develops,  so  that  cutaneous  impressions,  such  as  a  draught  of  air,  which  nor- 
mally excite  a  respiratory  effort,  bring  on  the  spasm.  The  mere  movement 
of  air  caused  by  raising  the  bedclothes  may  be  sufficient.  The  patient  is 
often  unable  to  swallow  the  saliva,  which  is  usually  abundant  and  viscid,  so 
that  it  hangs  about  the  mouth  and  is  expelled  with  difficulty  ;  this  greatly 
increases  the  patient's  discomfort.  Vomiting  is  common,  a  greenish-brown 
liquid  being  ejected.     The   attacks  of  spasm   are  very  distressing  to  the 


*  Bauer,  Munch,  med.  Wockensck.,  1886.  If  27  doubtful  cases  of  alleged  very  long  incu. 
bation  were  included,  he  found  the  average  of  537  cases  to  be  126  days.  The  period  pre- 
sents very  little  variation  in  the  case  of  bites  by  different  animals. 

f  Many  well-authenticated  instances  of  eighteen  months'  duration  are  on  record.  One  is 
described  by  Tachard,  L' Un.  Med.,  /88s,  P-  953- 


1242  HYDROPHOBIA. 

patient,  and  the  mental  state  which  they  occasion  increases  the  readiness 
with  which  the  spasm  is  produced,  and  in  some  cases  the  mere  sight  of 
water  or  the  sound  of  dropping  water  will  cause  an  attack.  It  may  even  be 
excited  by  visual  impressions  which  cause  a  similar  sensation,  as  the  reflec- 
tion from  a  looking-glass,  or  even  a  strong  light.  The  sufferer's  horror  and 
dread  of  these  excitants  becomes  intense.  Thus  this  disturbance  in  the  act 
of  swallowing  liquids,  which  constitutes,  as  it  were,  the  first  symptom  and 
keynote  of  the  disease,  spreads,  on  the  one  hand,  to  mental  disturbance, 
and  on  the  other  to  extensive  muscular  spasm.  In  each  of  these  directions 
further  symptoms  commonly  develop.  The  spasm,  at  first  confined  to  the 
muscles  of  deglutition  and  respiration,  spreads  to  the  other  muscles  of  the 
body,  and  the  paroxysms,  at  first  respiratory,  afterward  become  general,  and 
assume  a  convulsive  character,  although  still  excited  by  the  same  causes. 
The  convulsions  may  consist  in  general  muscular  rigidity,  sometimes 
tetanoid  in  character,  with  actual  opisthotonos,  or  they  may  be  coordinated 
and  closely  resemble  hysteroid  convulsions.  On  the  other  hand,  the  men- 
tal distress  passes  into  disturbance,  in  which,  at  times,  the  balance  of  reason 
is  lost,  and  the  distress  gets  command  over  the  mind.  The  horror  with 
which  the  attempts  to  drink  and  the  causes  of  the  distress  are  regarded, 
becomes  transferred  to  the  attendants  by  which  they  may  have  been  pro- 
duced. Actual  delusions  occasionally  supervene,  and  there  may  even  be 
wild  delirium.  The  mental  disturbance  is  most  intense  during  the  parox- 
ysms of  spasm,  and  the  frenzied  patient  may  spit  his  saliva  at  those  about 
him,  and  often  attempts  to  bite  them  with  his  teeth,  making  occasionally 
strange  noises  in  his  throat  which  have  been  thought  to  resemble  the  bark- 
ing of  a  dog.  The  sight  of  a  dog  has  been  known  greatly  to  intensify  the 
mental  excitement,  and  this,  strangely  enough,  in  cases  in  which  the  sufferer 
had  no  suspicion  of  the  nature  of  his  affection; 

The  mental  disturbance  is  not  always  thus  subordinate,  as  it  were,  to  the 
other  symptoms.  There  may  be  a  variable  amount  of  mental  derangement 
almost  from  the  first.  There  may  be  an  unnatural  suspicion,  and  some  mani- 
festations of  ill  temper,  succeeded  by  a  curious  mental  restlessness  and 
loquacity,  and  some  incoherence  in  the  sequence  of  ideas.  Delusions  and 
hallucinations  are  usually  late  symptoms,  but  occasionally  some  false  ideas 
are  manifested  early  in  the  affection.  Throughout  the  symptoms  there  are 
sudden  variations  in  the  mental  state,  which  is  almost  characteristic  of  the 
disease ;  a  complaint,  perhaps  couched  in  indignant  language,  is  succeeded 
by  an  apology,  and  the  frenzied  patient  may  alternately  attempt  to  bite  his 
attendants  and  beseech  them  to  keep  out  of  his  way,  or  to  hold  him  fast, 
that  he  may  not  hurt  them.  Similar  mental  disturbance  may  be  present  in 
children,  although  its  details  necessarily  differ. 

As  the  mental  disturbance  increases,  the  respiratory  spasm  and  difficulty 
in  swallowing  sometimes  lessen,  and  may  even  cease.  The  convulsive 
attacks  may  also  cease.  The  patient  may  die  apparently  exhausted  by  the 
attacks  of  fury,  or,  if  life  is  prolonged  long  enough,  the  mental  and  muscu- 
lar excitement  may  give  place  to  a  state  of  paralytic  exhaustion,  which  seems 
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to  represent  the  paralysis  that  is  so  prominent  in  animals.  Coma  may  come 
on,  but  the  patient  usually  dies  within  a  few  hours  of  the  diminution  in  the 
symptoms  of  excitement.  Death,  however,  sometimes  occurs  earlier,  from 
asphyxia  during  a  violent  paroxysm  of  respiratory  spasm,  or  from  sudden 
failure  of  the  action  of  the  heart,  a  result  that  is  explained  by  the  lesions 
found  in  the  medulla  oblongata. 

Among  occasional  symptoms  priapism  deserves  mention  ;  it  is  not  very 
common,  but  has  attracted  attention  from  ancient  times. 

The  temperature  is  almost  always  raised.  At  the  outset  the  elevation  is 
trifling,  and  occasionally,  throughout  the  disease,  it  remains  moderate,  ioo° 
or  ioi°.  More  frequently,  as  the  symptoms  increase,  so  does  the  pyrexia, 
and  it  amounts  to  103",  1040,  or  105°,  and  may  even  reach  a  still  greater 
height.  The  urine  very  often  contains  albumen,  sometimes  as  much  as  a 
quarter  or  a  third.     Sugar  has  been  found  in  a  few  cases. 

The  duration  of  the  disease  has  varied  in  fatal  cases  from  twelve  hours  to 
ten  days.  The  usual  duration  is  from  two  to  four  days ;  one-tenth  of  the 
patients  die  in  the  first  twenty-four  hours,  three-fifths  die  within  three  days. 
Cases  exceeding  four  days  in  duration  are  rare. 

The  course  of  the  disease  has  been  divided  into  two  stages,  the  first  dis- 
tinguished by  the  respiratory  spasm,  the  second  by  the  mental  disturbance 
and  convulsions.  By  others,  an  initial  stage  of  depression  has  been  distin- 
guished from  the  later  stage  of  excitement.  The  final  exhaustion  is  also 
regarded  as  a  third  or  paralytic  stage.  But  these  stages  are  often  not  well 
marked ;  the  elements  that  distinguish  them  may  be  combined  in  various 
degrees,  and  those  of  the  later  period  are  sometimes  conspicuous  from  the 
first. 

The  special  predominance  of  certain  symptoms  sometimes  impresses  a 
definite  character  on  the  attack,  so  that  certain  varieties  may  be  distin- 
guished. Their  recognition  is  of  some  practical  value,  since  it  may  prevent 
some  of  the  frequent  diagnostic  doubts.  The  most  important  of  these  varie- 
ties depend  on  the  predominance  of  mental  symptoms  on  the  one  hand  and 
of  convulsions  on  the  other.  Delirious  and  mental  excitement  may  exist 
from  the  onset  of  the  affection,  and  in  such  cases  the  respiratory  spasm  may 
be  less  pronounce'd  in  the  early  period  than  is  usually  the  case.  The  special 
character  of  the  mental  derangement  varies  greatly  according  to  the  mental 
condition  of  the  patient  and  to  the  amount  of  special  anxiety  he  has  previ- 
ously felt.  There  is  almost  always  very  marked  mental  distress,  and  the 
dread  of  the  disease  rather  determines  the  direction  of  the  morbid  emotion 
than  causes  it.  If  there  has  been  no  apprehension  of  hydrophobia,  as  is 
often  the  case  in  children  and  occasionally  in  adults  (especially  of  the  lower 
classes),  some  peculiar  delusion  may  be  associated  with  the  emotion,  and 
may  seem  to  be  its  cause  when  it  is  probably  its  consequence. 

In  other  cases  the  convulsive  symptoms  predominate;  the  spasm  induced 
by  attempts  to  swallow  quickly  spreads  to  other  muscles  besides  those  imme- 
diately concerned,  and  the  tetanoid  character  may  be  early  assumed.  In 
some  instances,  again,  hysteroid  convulsions  occur  almost  from  the  first, 
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and  the  respiratory  spasm  or  mere  emotion  excites  the  coordinated  convul- 
sive movement  seen  in  severe  hysterical  fits.  This  feature  of  the  spasm  may 
lessen  as  the  disease  develops. 

In  animals,  as  we  have  seen,  symptoms  of  paralysis  are  much  more  promi- 
nent than  they  are  in  man,  and  sometimes  they  give  a  special  character  to 
the  attack.  The  only  example  of  a  true  paralytic  form  hitherto  observed 
in  man  is  that  of  a  patient  (Goffi)  who  died  in  St.  Thomas'  Hospital,  and 
in  whom  the  disease  probably  resulted  from  the  inoculations  of  the  Pasteur 
treatment  (see  p.  1250).  The  symptoms  closely  resembled  those  of  "  acute 
ascending  paralysis."*  The  nature  of  the  case  would  not  have  been  sus- 
pected had  not  the  inoculation  test  proved  its  character.  This  case  suggests 
that  some  other  instances  of  this  mysterious  form  of  palsy  may  have  been 
the  result  of  rabies— a  possibility  that  should  be  kept  in  mind  by  those  who 
meet  with  examples  of  this  paralysis. 


Fig.  33s . 


v.;:-  ■V.\    'I  m 


Hydrophobia  ;  perivascular  sheath  distended  with  leucocytes  ;  from  the  hypoglossal  nucleus. 


Pathological  Anatomy. — The  blood  is  generally  fluid,  as  in  many  acute 
diseases.  The  throat  and  pharynx  are  commonly  congested,  and  so,  in 
many  cases,  are  other  organs,  especially  the  spleen  and  kindeys.  The  brain 
and  spinal  cord  often  present  conspicuous  congestion.  The  most  important 
morbid  changes  are  revealed  only  by  the  microscope,")"  and  are  found  in  the 
central  nervous  system.  They  are  very  variable  in  their  degree,  and  are 
sometimes,  although  seldom,  absent.  Of  nine  cases  I  have  examined,  morbid 
changes  were  distinct  in   seven.     These  were  indications  of  vascular  dis- 


*  See  the  Brit.  Med.  Journal,  vol.  ii,  p.  830. 

f  They  have  been  investigated  and  described  by  Coats,  Clifford  Allbutt,  Benedikt,  myself, 
and  others.  The  figures  here  given  are  from  a  paper  of  my  own  published  in  the  Path. 
Trans.,  vol.  xxviii. 
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turbance ;  dilatation  of  small  vessels,  accumulations  of  leucocyte-like 
corpuscles  around  them  and  into  the  tissues,  clots  in  the  small  vessels 
evidently  formed  during  life,  and  minute  hemorrhages.  These  changes 
are  met  with  in  various  parts,  especially  in  the  cortex  of  the  hemi- 
spheres, the  medulla  oblongata,  and  the  spinal  cord.  They  are  always 
most  intense  in  the  medulla,  between  the  eminentia  teres  above  and 
the  decussation  of  the  pyramids  below,  fcnd  especially  in  the  neigh- 
borhood of  the  pneumogastric,  hypoglossal,  and  spinal  accessory  nuclei. 
The  accumulations  of  leucocytes  about 
the  vessels  is  a  very  conspicuous  change ;  IG' 33  ' 

they  surround  the  outer  wall,  and  may 
be  so  numerous  as  to  fill  up  the  whole 
space  within  the  lymphatic  sheath  (Fig. 
335 )  >  they  may  extend  along  the  vessel 
for  a  considerable  distance,  and  even 
pass  into  the  adjacent  tissue  (Fig.  336). 
The  nuclei  contain  a  much  larger  num- 
ber of  such  corpuscles  than  normal,  and 
in  places  they  may  be  aggregated  and 
form  dense  masses  (Fig.  337),  which,  •'••'•■.%:•;/-;•' 

since  the  corpuscles  maybe  regarded  as  H™°£l*?x^^ZV&™^I.esseh 
identical  with  pus  cells,   are,   in  fact, 

"miliary  abscesses."  These  collections  may  sometimes  also  be  seen  outside 
the  gray  matter,  scattered  at  random,  as  it  were,  especially  about  the  root 
fibres  of  the  nerves  (Fig.  337).     The  thrombi  within  the  vessels  fill  their 


Fig.  337. 
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Cells  of  the  hypoglossal  nucleus  on  the  right,  of  the  pneumogastric  nucleus  on  the  left. 
Dense  infiltration  of  the  tissue  with  leucocytes. 

cavity,  and  may  present  curved  lines  as  if  they  had  been  exposed  to  the 
pressure  of  the  blood.  At  the  seat  of  these  clots  the  walls  of  the  vessel  may 
be  distinctly  thickened.  The  nerve  cells  sometimes  appear  swollen  and 
slightly  more  granular  than  under  normal  circumstances,  but  their  alterations 
are  trifling  in  the  hardened  specimens  in  which  they  are  commonly  exam- 
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ined.     The  hemorrhages  are  usually  small,  and  only  rarely  sufficiently  large 

to  be  visible  to  the  naked  eye.     In 

Fig.  338.  the  spinal  cord  the  alterations  are 

,,//:■•  usually  much  slighter,"  and  are  con- 

,  '1  k  $;■%£.* ~  o\}c''l*i:*.'-  Vi'iJ^'.'h'M  fined  to  encrustation  of  the  vessels 

n-'^!^':'SP^^^^^'fiM<''^:%  w'tn  leucocvtes>  and  t0  an  increase 

ii'\Q^'^^0^^^^'^:!  jl'M'!  *n  tne  numDer  within  the  gray  matter. 

,1.       ^?^v?-%frV;  «£>"»! 'iJ '  I  have  seen  them    in   one   case   so 

F^,SWP?(^:1i;'l^  intense  in  the  anterior  cornua  that  its 

,{n%e^^^*j^^^fic--dbj'i^'!'.i  aspect  resembled  that  of  acute  mye- 

*;,   Vo^^V»S3;f-  ?■./,/  jk  ^:',;.t-  litis.     The  "  miliary  abscesses  "  are 

.&■;*■         ./,,®.ocv    •  '"■    ^  very  seldom  seen  m  the  cord, 

f"  """  _  Outside  the  nervous  system  leuco- 

Accumulation  of  corpuscles  ("miliary  abscess")  in  the  .  .       , 

fibres  of  origin  of  the  hypoglossal  nerve.  cytal  infiltration  has  been  seen  in  the 

salivary  glands  and  in  the  kidneys.* 

Pathology. — Beyond  the  fact  that  the  disease  is  the  result  of  an  animal 
poison,  which  is  not  volatile  and  can  only  be  transmitted  by  inoculation, 
we  know  nothing  of  its  nature  or  mode  of  action  of  its  cause.  From  the 
variability  and  long  duration  of  the  period  of  incubation  it  has  been  thought 
that  the  poison  is  not  at  once  generalized,  but  lies  in  the  wound,  probably 
undergoing  some  process  of  development,  by  which,  at  a  future  time,  it 
passes  into  and  affects  the  system.  But  neither  this  nor  any  other  theory 
really  explains  the  extraordinary  variations  in  the  incubation  period.  Nor 
is  it  easy  to  understand  why  the  virus  should  remain  in  the  wound,  when  it 
has  as  much  opportunity  for  rapid  passage  into  the  svstem  as  other  poisons 
of  the  same  class.  Moreover,  cauterization  of  the  wound  more  than  a  quarter 
of  an  hour  after  the  bite  usually  fails  to  prevent  the  development  of  the  dis- 
ease.    Even  excision  a  few  days  after  the  bite  is  often  ineffectual. 

The  symptoms  indicate  a  primary  action  on  the  nerve  centres,  especially 
on  the  respiratory  region  of  the  medulla,  and  extending  in  a  slighter  degree 
to  the  brain  above,  and  to  the  spinal  cord  below.  Death  is  due  to  the  effects 
of  the  over-action  of  the  respiratory  centres,  or  to  the  exhaustion  conse- 
quent on  the  over-action  of  the  brain,  or  to  the  secondary  effects  of  the 
damage  to  the  vital  structures  of  the  medulla.  This  opinion,  based  on  the 
symptoms,  is  confirmed  by  the  changes  revealed  by  the  microscope.  The 
vascular,  changes  and  leucocytal  infiltration  are  so  intense  in  some  cases  as  to 
amount  to  the  anatomical  signs  of  inflammation.  Their  variability  in 
degree  in  different  cases,  and  the  fact  that  they  may  be  in  some  extremely 
slight,  and  even  in  rare  cases  altogether  absent,  show  that  they  are  to  be 
regarded  as  effects,  rather  than  as  causes,  of  the  disturbance  of  the  nerve 
elements.  These  must  be  ascribed  to  the  influence  of  a  poison  reaching  the 
brain  through  the  blood,  but  accumulating  and  perhaps  developing  there, 
and  causing  an  intense  derangement  of  function.  The  morbid  appearances 
in  the  nerve  centres  have  been  thought  to  resemble  those  of  tetanus,  but 

*  Coats,  Hale  While,  etc. 
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they  differ  in  the  far  greater  tendency  to  the  extravasation  of  leucocytes, 
and  in  the  special  intensity  of  the  changes  in  the  respiratory  region  of  the 
medulla. 

The  primary  effect  on  the  medulla  appears  to  be  to  greatly  increase  the 
excitability  of  the  respiratory  centre  to  reflex  impressions,  and,  as  the  extra- 
ordinary muscles  of  inspiration  (and  not  the  diaphragm)  are  chiefly  excited 
by  reflex  influences,  the  inspiratory  efforts  are  of  the  "  costo-superior " 
type.  The  centre  for  these  movements  is  intimately  connected  with  that  for 
deglutition,  and  the  region  of  the  medulla  in  which  the  changes  are  most 
intense  is  that  in  which  the  glosso-pharyngeal,  pneumogastric,  and  hypo- 
glossal nerves  are  situated.  The  effect  of  the  poison  seems  to  be  chiefly  on 
these  centres,  just  as  other  organic  poisons  seem  to  have  specific  actions  on 
other  parts  of  the  nervous  system.  The  "  diminution  of  resistance  "  that 
results  may  spread  to  the  structures  through  which  tetanoid  convulsions  are 
produced.  The  vascular  changes  that  are  revealed  by  the  microscope  (and, 
as  we  have  just  seen,  must  be  regarded  as  secondary  results  of  the  functional 
over-action*),  are  somewhat  random  in  distribution  ;  the  exact  points  at 
which  they  occur  are  apparently  influenced  by  conditions  which  are,  so  far 
as  the  disease  is  concerned,  accidental,  the  general  poison  only  determining 
the  region  involved.  When  they  do  occur,  however,  the  leucocytal  infiltra- 
tion may  be  so  great  as  to  break  up  the  tissue,  and  to  constitute  a  minute 
point  of  suppuration,  and  if  the  point  thus  affected  is  important,  grave  con- 
sequences may  ensue.  We  can  understand  thus,  by  these  secondary  changes 
in  the  nucleus  of  the  pneumogastric,  the  occurrence  of  cardiac  failure  out  of 
proportion  to  the  other  signs  of  exhaustion.  It  is  probable,  also,  that  the 
cortical  excitement  acts  upon  the  medullary  centres  and  increases  their  dis- 
turbance, f  We  know  how  much  the  functions  of  the  pneumogastric  and  of 
the  respiratory  centres  are  under  mental  influence;  the  sigh,  and  vomiting 
from  disgust  are  examples.  On  the  other  hand,  it  is  possible  that  the  dis- 
turbance of  the  medulla  may  determine  the  direction  of  the  first  cerebral 
derangement,  and  may  cause  the  peculiar  effect  of  the  sight  of  water. 

Some  of  the  mental  and  physical  disturbance  of  hydrophobia  not  only 
resembles  but  seems  to  be  identical  with  that  of  hysteria.  The  convulsion 
may  be  distinctly  of  this  character,  and  the  frenzied  horror  at  the  sight  of 
water  has  a  close  parallel  in  the  maniacal  stage  of  many  hysterical  attacks. 
In  connection  with  the  barking  and  biting  of  the  hydrophobic  patient,  it 
should  be  remembered  that  both  actions  may  occur  during  the  attacks  of 
pure  hysteria;  the  biting  is  especially  common .%  There  is  nothing  in  itself 
extraordinary  in  hysteroid  disturbance  forming  part  of  the  functional  dis- 
turbance of  the  brain  that  results  from  a  different  cause. 


*  Hence  it  is  incorrect  to  speak  of  inflammation  of  the  medulla  as  the  effect  of  the  poison 
and  the  cause  of  the  symptoms,  and  to  make  a  comparison,  as  has  been  done,  between  the 
condition  of  the  medulla  in  hydrophobia  and  that  of  Peyer's  patches  in  typhoid  fever. 

f  Putnam,  Boston  Med.  and  Surg.  Journal,  1879. 

J  See  the  description  of  this  disease. 
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Diagnosis. — The  symptom  of  greatest  value,  as  indicative  of  the  nature 
of  the  affection,  is  unquestionably  the  peculiar  respiratory  spasm  excited 
by  attempts  to  swallow  liquids.  The  history  of  a  bite  usually  gives 
significance  to  definite  symptoms,  but  occasionally  misleads  when  these 
are  equivocal. 

In  certain  diseases  of  the  throat  and  chest,  sudden  dysphagia  may  occur, 
which  might  give  rise  to  the  suspicion  of  hydrophobia.  The  difficulty  has 
been  described  in  oesophagitis  and  in  pericarditis.  The  cases  are  those  in 
which  the  dysphagia  is  not  due  to  pain,  but  is  a  reflex  difficulty,  a  throat 
spasm.  Such  cases  are,  however,  very  rare,  and  the  history  and  other  symp- 
toms will  be  distinctive,  if  ordinary  care  is  used.  It  is  more  likely  that  these 
affections  will  be  mistaken  for  hydrophobia  than  that  the  latter  disease 
should  be  overlooked.  Cases  in  which  the  mental  disturbance  preponder- 
ates may  be  distinguished  from  simple  insanity  by  the  associated  (significant 
even  if  slight)  spasm,  and  by  the  onset  after  a  suspicious  bite.  It  is  possible 
that  there  is  a  form  of  disease  in  which  spasm  is  absent.  The  distinction  of 
such  cases  from  simple  insanity  may  be  most  difficult  and  only  to  be  made 
by  the  extremely  rapid  course  of  the  affection.  No  patient  ever  passed  from 
mental  health  to  a  state  of  imminent  danger  in  two  days,  in  consequence  of 
simple  insanity. 

Organic  brain  diseases,  meningeal  hemorrhage,  for  instance,  occurring  in 
a  person  who  had  been  bitten  by  a  dog,  has  been  mistaken  for  hydrophobia. 
One  case  is  recorded  in  which  the  mistake  was  only  discovered  at  the  post- 
mortem examination.  The  character  of  the  convulsions  and  delirium, 
and  the  absence  of  respiratory  spasm,  should  prevent  the  error.  From 
tetanus,  hydrophobia  is  distinguished  by  the  late  period  after  the  bite 
at  which  the  symptoms  develop.  A  difficulty  can  scarcely  arise  (except  in 
the  case  of  idiopathic  tetanus)  unless  the  patient  has  received  some  recent 
wound  of  another  nature.  The  respiratory  spasm  and  aversion  to  liquids, 
in  the  one  case,  and  the  early  trismus  in  the  other,  almost  always  suffice  for 
the  diagnosis.  If  the  symptoms  of  hydrophobia  are  present,  the  association 
of  general  tetanic  spasm  with  the  respiratory  disturbance  is  quite  compatible 
with  the  hydrophobic  nature  of  the  case. 

Symptoms  bearing  a  superficial  resemblance  to  hydrophobia  sometimes 
occur  in  those  who  have  been  in  great  dread  of  the  disease  in  consequence 
of  a  bite  from  an  animal  possibly  or  certainly  rabid.  The  knowledge  that 
difficulty  in  swallowing  is  a  symptom  of  the  disease  determines  the  occurrence 
of  spasm  in  the  throat  on  deglutition,  perhaps  analogous  to  the  "globus 
hystericus."  The  patient's  fears  are  intensified  as  the  spasm  increases  in 
degree,  and  a  dread  of  water  may  come  on.  Hysterical  convulsion  may  be 
added,  and  the  group  of  symptoms  produced  may  deceive  even  the  medical 
attendant.  In  this  "  lyssophobia,"  or  "pseudo-hydrophobia"  as  it  has 
been  termed,  the  most  important  diagnostic  element  is  the  absence  of  all 
true  respiratory  spasm ;  there  is  not  the  peculiar  "catch  in  the  breath"  that 
characterizes  the  genuine  disease.  There  has  always  been  much  preceding 
mental  alarm,  but  too  much  weight  must  not  be  placed  on  this,  because  great 
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anxiety  of  necessity  often  precedes  true  hydrophobia.*  The  symptoms  of 
the  spurious  form  commonly  soon  subside  if  the  mind  of  the  patient  can  be 
tranquillized,,  or  if  the  patient  has  recourse  to  some  method  of  treatment 
in  which  he  can  be  induced  to  place  confidence.  An  instance  of  this  is 
afforded  by  the  case  of  Dr.  Buisson,  who  after  receiving  on  a  scar  some 
saliva  from  a  patient  who  was  suffering  from  hydrophobia  (real,  or  more 
probably  supposed)  thought  himself  suffering  from  the  disease.  He  took  a 
vapor  bath  and  was  well.  He  afterward  treated  forty  cases  of  the  same 
character  successfully  in  this  manner.  But  there  are  other  cases,  regarded 
as  spurious,  in  which  the  mental  disturbance  is  intense,  spasm  distinct,  and 
the  patient  passes  into  a  state  of  exhaustion  and  dies  in  a  few  days.  It  is 
possible  that  many  of  these  cases  are  genuine,  although  they  have  been 
published  as  spurious. f 

1  have  more  than  once  known  a  first  attack  of  hysteroid  convulsion,  in  a 
lad  who  had  been  bitten  by  a  dog  some  time  before,  to  be  mistaken  for 
hydrophobia,  on  account  of  the  barking  and  biting  and  general  convulsion. 
The  absence  of  the  respiratory  spasm,  and  the  intermitting  character  of  the 
disturbance,  should  prevent  error,  which,  indeed,  can  only  occur  if  the 
characteristics  of  severe  hysteria  are  not  known. 

Prognosis. — Attacks  of  hydrophobia  differ  in  their  intensity  and  in  the 
rapidity  of  their  course,  but  at  present  all  we  can  say  is,  that  in  any  given 
case,  however  mild,  only  one  issue  can  be  looked  for.  It  is  to  be  hoped  that 
the  future  may  render  the  prognosis  less  grave,  although  we  seem  as  far  as 
ever  from  an  actual  cure  for  the  developed  disease.  Still,  we  may  echo  the 
hope  expressed  by  Boerhaave  nearly  two  hundred  years  ago,  "Nor  ought 
we  yet  to  despair  of  finding  out,  some  time  or  other,  a  peculiar  antidote 
for  this  poison,  seeing  we  have  succeeded  in  poisons  thought  formerly 
as  destructive." 

Treatment. — Preventive. — The  prevention  of  a  disease  is  important  in 
proportion  as  its  treatment  is  ineffectual ;  and  the  fatality  of  hydrophobia 
renders  its  prophylaxis  of  paramount  importance.  The  prevention  of  hydro- 
phobia is  the  prevention  of  rabies,  and  this  could  be  readily  effected  in 
Great  Britain  on  account  of  our  insular  position.  The  enforced  muzzling 
of  all  dogs  for  a  period  of  one  year  would  almost  certainly  stamp  out  the 


*  There  has  more  often  been  a  tendency  to  regard  the  genuine  disease  as  imaginary  than 
to  mistake  the  spurious  for  the  genuine.  This  tendency  is  especially  marked  among  critics 
who  have  not  seen  the  case,  who  do  not  scruple  to  cast  doubts  on  the  nature  of  even  fatal 
cases.     It  is  not  certain  that  death  has  ever  occurred  from  mere  "lyssophobia." 

+  The  diagnosis  of  the  spurious  from  the  genuine  form  of  the  disease  is  thus  a  matter  on 
which  there  is  very  wide  difference  of  opinion,  which  involves  also  the  diagnostic  indications. 
This  difference  will  probably  be  lessened  considerably  now  that  we  have  an  apparently 
crucial  test  in  the  results  of  inoculation.  Two  fatal  cases,  described  as  «  pseudo-hydropho- 
bia,"  have  been  published  by  Broadbent  {Clin.  Soc.  Trans.,Feb.  23d,  1 88  3),  the  spurious 
character  of  which  appears  to  me  to  be  open  to  question.  In  one  case,  it  is  true,  the  bite  was 
received  five  years  before,  but  this  ought  not  to  be  allowed  to  determine  the  diagnosis  (see 
p.  1241). 
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disease.*  It  cannot  be  doubted,  also,  that  the  number  of  dogs  is  vastly  in 
excess  of  any  real  need  of  the  community.  Most  cases  of  hydrophobia  are 
due  to  animals  kept  for  pleasure,  not  for  use,  and  often  ill  kept.  More  might 
also  be  done  to  make  those  who  keep  dogs  familiar  with  the  early  symptoms 
of  rabies,  and  to  render  it  a  criminal  offence  to  permit  a  dog  that  presents 
such  symptoms  to  be  at  large. 

Until  this  wise  and  humane  measure,  the  universal  use  of  the  muzzle,  is 
adopted,  the  prevention  of  hydrophobia  centres  in  the  method  devised  by 
Pasteur,  and  in  the  cauterization  of  the  bite.  Pasteur's  system  of  prevention 
depends  on  the  fact  that  by  drying  the  spinal  cord  of  rabbits  that  have  been 
rendered  rabid  by  inoculation,  the  virus  becomes  less  active  ;  the  subcutaneous 
injection  of  an  emulsion  of  such  a  cord  (dried  for  fourteen  days)  causes  no  defi- 
nite symptoms  of  the  disease,  nor  do  subsequent  inoculations  or  injections 
made  with  cords  dried  for  a  less  time.  After  such  inoculations  an  animal  is 
"  protected,"  and  does  not  suffer  from  rabies  if  afterward  bitten  by  a  rabid 
animal,  or  even  if  inoculated  with  the  virus  in  its  most  active  state.f  These 
conclusions  have  been  confirmed  by  Horsley,J  in  a  series  of  experiments  on 
dogs,  which  seem  to  be  free  from  any  source  of  fallacy.  In  these  experi- 
ments the  preventive  treatment  was  carried  out  before  the  infection. 
Pasteur  further  believes  that  such  a  course  of  injections  is  effective  in  pre- 
venting the  occurrence  of  the  disease  in  a  person  who  has  been  already 
inoculated  with  rabies,  and  he  has  treated  thus  many  thousands  of  bitten 
persons.  The  efficacy  of  the  treatment  has  been  the  subject  of  much  dis- 
cussion, and  so,  also,  has  its  safety.  Two  facts  only  are  certain.  First,  the 
danger  that  rabies  may  be  communicated  by  the  treatment  is  very  small. 
There  is,  indeed,  one  case  in  which  there  can  be  no  doubt  of  this  result,  the 
case  of  the  man  employed  at  the  Brown  Institution,  who  was  bitten  by  a 
rabid  cat,  and  died  of  paralytic  rabies  in  St.  Thomas'  Hospital  (seep.  i244).§ 
But  this  case  only  brings  into  relief  the  immunity  with  which  the  course  of 


*  That  such  a  measure  is  not  adopted  is  a  national  disgrace,  which  is  accentuated  by  the 
fact  that  the  Government  derives  part  of  its  revenue  from  a  tax  upon  dogs.  The  opposition 
to  the  use  of  the  muzzle  is  one  of  the  strongest  developments  of  morbid  sentiment.  There 
are  apparently  thousands  of  well-meaning  people  who  would  prefer  that  hundreds  of  dogs 
should  perish  every  year  of  a  painful  malady,  that  many  human  lives  should  be  annually 
lost,  and  scores  of  persons  should  be  subjected  for  months  to  acute  mental  agony — rather 
than  that  dogs  should  be  made  to  wear  an  apparatus  which  causes  them  a  trifling  annoyance 
for  a  few  days.  This  perverted  sentiment  ought  to  be  met  with  universal  abhorrence,  as  a 
disgrace  to  humanity. 

f  Pasteur  puts  forward  a  theory  which  has,  however,  nothing  to  do  with  the  accuracy  of 
his  facts.  He  believes  that  the  virus  is  a  microorganism,  which  produces,  in  its  development, 
some  substance  by  which  its  growth  is  checked,  as  in  the  growth  of  yeast  by  the  alcohol  pro- 
duced. He  thinks  that  the  spinal  cord  contains  both  the  virus  and  the  antidotal  product,  and 
that  the  antidote  is  much  less  influenced  by  the  process  of  drying  than  is  the  virus. 

J  "  Report  of  Committee  of  Inquiry  into  M.  Pasteur's  Treatment  of  Hydrophobia,"  1S87. 

\  The  result  has  been  ascribed  to  the  circumstance  that  the  man  was  almost  constantly 
drunk  while  undergoing  the  treatment. 
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treatment  has  been  pursued  in  an  enormous  number  of  cases.*  The  other 
fact  is  that  the  treatment  is  not  invariably  successful.  In  several  instances 
rabies  has  developed  at  about  the  same  time,  after  the  original  bite,  that  it 
might  be  expected  to  develop  had  the  treatment  not  been  adopted,  and  its 
severity  has  not  apparently  been  modified.  The  efficacy  of  the  treatment  has 
therefore  to  be  judged  from  statistics,  and  the  difficulty  of  drawing  a  con- 
clusion is  very  great.  Of  a  given  number  of  persons  bitten  by  a  mad  dog, 
only  a  proportion,  and  sometimes  only  a  small  proportion,  suffer  afterward 
from  the  disease  (see  p.  1240).  But  the  proportion  who  have  suffered  after 
undergoing  the  Pasteurian  treatment  seems  to  be  far  smaller  than  it  would 
be  in  a  like  number  of  persons  who  had  not  been  thus  treated.  Up  to  the 
end  of  1886,  2682  persons  had  been  inoculated,  and  the  subsequent  mor- 
tality from  rabies  among  them  was  between  1  and  1.2  per  cent.  But  even 
allowing  largely  for  doubtful  bites,  it  is  estimated  that  not  less  than  5  per 
cent,  of  such  a  series  would  have  died  without  the  treatment. f  We  cannot 
feel  sure  that  in  all  cases  the  animal  that  inflicted  the  bite  was  actually  rabid, 
and  hence  a  new  source  of  uncertainty  is  introduced,  the  influence  of  which 
cannot  be  accurately  assessed.  The  Committee  on  Hydrophobia  investi- 
gated the  facts  of  ninety  unselected  cases  treated  by  Pasteur,  and  in  two- 
thirds  of  these  there  was  evidence  which  satisfied  the  Committee  that  the 
dog  was  rabid.  In  no  less  than  twenty-four,  the  bites  were  on  naked 
parts,  and  the  wounds  were  not  cauterized  or  treated  in  any  way  likely  to 
prevent  the  action  of  the  virus.  Every  one  of  these  ninety  patients  had 
continued  well,  although  all  had  been  bitten  more  than  six  months,  and  most 
of  them  more  than  a  year  before.  In  such  a  number  of  cases  of  this  char- 
acter it  is  calculated  by  the  Committee,  on  the  lowest  estimate,  that  not  less 
than  eight  would  have  suffered  from  hydrophobia.    The  conclusion  from  the 


*  It  has  been  suggested  that  some  of  the  deaths  from  the  ordinary  form  of  rabies,  after 
the  treatment,  were  due  to  the  inoculations,  but  the  case  referred  to  renders  this  doubtful. 
It  suggests  that  the  inoculation  with  the  rabbit's  cord  would  produce  the  paralytic,  and  not  the 
ordinary  form. 

f  "  Report  of  Hydrophobia  Committee,"  p.  3.  Some  further  facts  are  very  important.  Of 
233  persons  bitten  by  animals  in  which  rabies  was  certain  (either  by  inoculation  from  the 
spinal  cord  or  from  the  occurrence  of  rabies  in  other  animals  or  persons  bitten)  only  four 
died,  while  without  inoculation  forty  would  probably  have  died.  The  mortality  among  per- 
sons bitten  by  rabid  wolves  is  exceedingly  high ;  the  bites  are  generally  severe,  and  prompt 
cauterization  is  impossible;  forty-eight  persons  so  bitten  were  treated;  a  mortality  of  thirty 
would  have  been  almost  certain,  but  only  nine  died,  and  in  three  of  these  the  symptoms  com- 
menced while  under  treatment.  One  very  striking  group  of  cases  is  that  of  six  children  bit- 
ten at  Bradford,  January  24th,  1886,  by  a  dog  proved  to  be  rabid  by  experimental  inoculation, 
and  by  the  fact  that  another  person  who  had  been  bitten  by  the  same  dog  died  of  hydropho- 
bia on  March  4th  of  the  same  year.  The  six  children  who  were  treated  were  perfectly  well  at 
the  date  of  the  report,  eighteen  months  after  the  bites.  A  more  crucial  test  could  hardly  be 
devised.  Almost  as  strong  is  the  instance  of  three  children  bitten  at  Shipley,  Yorkshire, 
in  March,  1886,  and  treated  by  Pasteur,  all  of  whom  remained  well  a  year  later,  while 
another  person  bitten  by  the  same  dog  and  not  treated,  died  from  hydrophobia  seven 
weeks  after  the  bite. 
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icts  at  present  available  seems,  therefore,  to  be  that  the  treatment  is  of  great 
due,  although  it  does  not  secure  absolute  safety,  and  that  the  method  is  not 
:tended  by  more  than  an  extremely  small  risk  of  the  production  of  rabies. 

Treatment  of  the  Bite.— The  poison  is  deposited  in  a  wound,  and  if  it  can 
e  destroyed  before  it  passes  into  the  blood,  the  disease  will  be  prevented.* 
'he  measures  to  be  adopted  for  this  purpose  belong  to  the  province  of  sur- 
ery,  but  may  be  briefly  mentioned.  If  the  wound  is  on  a  limb,  the 
irculation  should,  if  possible,  be  arrested  by  a  ligature  around  the  limb 
pplied  immediately.  Free  bleeding  should  be  encouraged  and  the 
-ound  should  be  freely  washed.  These  measures  are  most  important, 
ecause  it  is  not  often  that  the  cautery  can  be  immediately  applied.  The  use 
f  these  measures  in  the  case  of  bites  of  every  kind  ought  to  be  part  of  the 
ducation  of  children.  The  wound  may  be  sucked,  if  there  is  no  abrasion 
1  the  mouth,  which  should  be  washed  out  each  time.  Absorption  of  poison 
irough  a  mucous  membrane  (to  judge  from  experiments  on  the  conjunc- 
va)  occupies  several  minutes.  As  soon  as  possible,  the  wound  should  be 
doroughly  cauterized  by  the  actual  cautery,  nitric  acid,  or  nitrate  of  silver. 
Whenever  practicable,  the  bitten  part  should  be  excised. 

The  treatment  of  the  developed  disease  has  to  be  directed  chiefly  to  the 
iminution  of  the  suffering  of  the  patient.  At  the  same  time,  recovery  can- 
ot  be  said  to  be  impossible.  It  is  certain  that  cases  have  recovered  in  the 
ast,  and  it  seems  therefore  certain  that  cases  will  recover  in  the  future, 
lowever  slender  may  be  the  hope  of  doing  more  than  lessen  suffering,  the 
atient  should  not  be  given  over  into  the  hands  of  death,  even  indirectly, 
y  efforts  exclusively  directed  to  the  euthanasia,  still  less  ostensibly,  as  by  the 
;ather  beds  of  old.f 

The  pathological  lesions  show  that  the  functional  nervous  excitement  has 
rganic  consequences,  and  it  is  important,  in  order  to  lessen  these,  and  to 
lamtain  the  strength  of  the  patient,  that  whatever  excites  the  paroxysmal 
isturbance  of  the  nervous  system  should  be  carefully  avoided.  A  dimly- 
ghted,  quiet  room  should  be  secured,  and  only  the  necessary  attendants 
hould  be  admitted  into  it.  Every  sight  or  sound  likely  to  disturb  should 
e  avoided,  and  it  would  probably  be  wise,  if  the  spasmodic  dysphagia  is 
reat,  to  feed  only  by  peptonized  enemata. 

The  drugs  that  have  been  employed  in  the  treatment  of  the  disease  are 

*  This  is  the  common  theory  of  cauterization,  but  is  hardly  consistent  with  the  assumed 
>calization  of  the  poison  in  the  wound  during  the  period  of  incubation.  It  is,  however, 
:rtain  that  cauterization  is  of  little  value  unless  it  is  almost  immediate.  Promptness  is  of 
lore  importance  than  the  agent  employed.  A  smoker's  "vesuvian"  would  probably  be 
uite  effectual  if  instantly  used. 

f  It  is  curious  to  note  how  the  name  of  the  disease  preserves  the  fact  that  the  horror  of 
ater  was  formerly  regarded  not  only  as  a  characteristic  of  the  disease,  but  as  the  predomi. 
ant  element  in  its  pathology,  which  afforded  the  chief  therapeutical  indication.  "  In  the 
nervals  "  (of  venesection,  says  Boerhaave)  "  he  must  be  blinded  and  thrown  into  a  cold 
ond,  or  be  made  wet  with  the  continual  throwing  of  water  upon  him,  till  he  doth  not  seem 
ay  more  to  be  afraid  of  water,  or  but  little,"  a  final  reservation  that  was  at  least  prudent. 
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innumerable,  and  embrace  (besides  most  known  sedatives)  a  number  of 
alleged  specifics,  all  of  which  have  been  abundantly  proved  to  be  useless. 
The  treatment  employed  in  the  few  cases  in  which  recovery  has  taken  place 
has  been  found  powerless  in  all  other  instances. 

One  case  is  said  to  have  recovered  under  the  influence  of  mercury,  but 
this  has  been  tried  since  in  numberless  instances  without  result.  Cu'rara, 
however,  has  been  credited  with  three  cures  (Offenburg,  Polli,  and  Watson),' 
of  which  one  case,  that  of  Offenburg;  seems  undoubtedly  genuine.  The 
drug  was  first  recommended  half  a  century  ago  by  an  Englishman,  Sewell,* 
but  tried  in  small  doses  it  failed.  It  arrests  the  hydrophobic  spasms  by  para- 
lyzing the  motor  nerves,  and  this  may  render  artificial  respiration  necessary. 
There  seems  to  be  a  remarkable  tolerance  of  curara  in  this  disorder.  The 
dose  commonly  employed  has  been  from  rV  to  I  of  a  grain  repeated  every 
quarter  or  half  an  hour  until  there  is  general  muscular  paralysis,  and  renewed 
as  this  effect  passes  of.  Polli  administered  in  all  three  grains  in  five  and  a 
half  hours  to  a  child  twelve  years  old.  Even  grain  doses  have  failed  to  cause 
paralysis.f  One  case,  probably  genuine,  has  been  recorded,  in  which  recov- 
ery occurred  under  the  use  of  Calabar  bean  and  hypodermic  injections  of 
morphia  (Nicholls).  Bromide  of  potassium  has  very  little  influence  ;  if 
given  at  all  it  should  be  in  large  doses,  one  or  two  drachms.  Chloral  gives 
some  relief  and,  in  a  case  recorded  by  Sansom,  life  was  prolonged  for  ten 
days  under  its  use.  It  is  probable  that  the  combination  of  chloral  and 
morphia,  which  has  a  special  influence  on  the  respiratory  centre,  deserves 
further  trial,  and  on  the  whole  constitutes,  as  far  as  is  at  present  known,  the 
wisest  treatment. 

Tracheotomy  was  suggested  by  Marshall  Hall  as  a  means  of  averting  death 
during  an  asphyxiating  attack  of  spasm,  but  it  is  probably  powerless.  The 
spasm  involves  the  chest  wall,  and  according  to  Pitt,J  the  glottis  is  widely 
open  during  the  attack. 

Of  the  various  remedies  that  have  been  held  in  popular  esteem  or  vaunted 
as  private  specifics,  little  need  be  said.  They  furnish  a  curious  chapter  in 
the  history  of  charlatanism  and  credulity.  "Hitherto,"  we  may  still  say 
with  Boerhaave,  "  we  have  not  met  with  any  one  which  deserves  credit 
enough  to  be  entrusted  with  the  life  of  people  thus  miserably  afflicted,  for  no 
one  is  known  whereof  the  experiments  be  certain,  but  they  owe  their  birth 
either  to  speculation,  or  they  have  been  copied  from  others,  and  taken  upon 
trust."  The  list  of  reputed  remedies  that  he  gives  has  received  a  long 
addition  since  his  time.     Persons  who  fancy  that  they  are  suffering  from  the 

*  And  also  by  Waterton,  the  naturalist,  who  brought  to  England  a  supply  of  the  drug  (see 
"  Dolan's  Hydrophobia,"  2d  ed.,  p.  170). 

j-  But  it  is  possible  that  in  some  cases  the  agent  has  not  been  very  active.  Thus,  in  a  case 
recorded  by  Bristowe,  in  which  as  much  as  1%  grain  was  injected  at  a  time,  and  8  grains 
in  twenty- four  hours  produced  very  little  effect,  the  curara  "  had  been  in  stock  some  time, 
and  there  was  reason  to  believe  that  it  had  deteriorated  in  quality  "  [Brit.  Med.Journ.,  April 
28th,  1885).     The  activity  of  the  specimen  should  always  be  tested. 

%  G.  N.  Pitt,  Med.  Times,  June  20th,  1885. 
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isease  are  cured  by  these  measures,  and  their  recommendations  are  repeated 
ith  credulity  by  those  whose  readiness  to  express  an  opinion  is  inversely 
roportioned  to  their  capacity  for  forming  a  judgment.  Foremost  among 
nese  measures  is  the  vapor  bath  of  Buisson,  the  origin  of  which  has  been 
Iready  mentioned  (p.  1249),  and  which  every  few  years  makes  its  reappear- 
nce  in  the  public  papers. 

The  saliva  of  persons  suffering  from  hydrophobia  has  been  proved  to  be 
apable  of  communicating  the  disease  to  animals.  Hence,  the  attendants 
mould  be  cautioned  to  have  no  uncovered  abrasions  on  the  hands,  and  to 
fash  from  the  eyes  and  face  any  saliva  that  may  have  been  spit  on  them, 
f  they  are  bitten  by  the  patient,  the  wound  should  be  treated  as  if  it  had 
een  inflicted  by  a  rabid  animal.  These  precautions  remove  all  danger,  and 
ny  anxiety  that  is  felt  may  be  removed  by  the  assurance  that  of  the  thou- 
inds  of  persons  who  have  attended  on  patients  with  hydrophobia,  no  authen- 
ic  instance  has  been  recorded  in  which  the  malady  was  thus  contracted.* 
lor  has  it  ever  been  known  to  have  been  acquired  through  making  a  post- 
mortem examination  on  the  bodies  of  persons  who  have  died  from  the 
isease. 

METALLIC  POISONING. 
Many  metals,  when  taken  into  the  body,  cause  chronic  disturbance  of  the 
ervous  system,  in  addition  to  the  acute  symptoms  that  are  produced  by  a 
onsiderable  dose  of  the  poison.  The  latter  are  not  considered  here,  since 
hey  belong  to  the  province  of  toxicology.  The  more  chronic  disturbance 
enerally  results  from  the  often-repeated  entrance  of  small  quantities  of  the 
metal,  and  very  seldom  succeeds  a  single  large  dose.  The  chief  metals  that 
ifluence  the  nervous  system  are  lead,  arsenic,  silver  and  mercury. 

LEAD  POISONING. 

Etiology. — The  occurrence  of  symptoms  of  lead  poisoning  seems  to  be, 
3  some  extent,  determined  by  individual  peculiarities.  Of  a  given  number 
f  persons,  all  of  whom  have  been  exposed  to  the  same  influence,  and 
xhibit  indications  of  the  presence  of  lead  in  the  system,  some  will  suffer 
onsiderably,  some  slightly,  others  not  at  all.  Little  is  known  of  the  con- 
itions  which  thus  influence  the  result,  but  it  is  probable  that  the  weakly 
iffer  more  than  the  strong,  and  that  those  who  inherit  a  tendency  to  gout 
iffer  more  than  others.  Most  cases  of  lead  poisoning  occur  in  males,  but 
lis  is  solely  in  consequence  of  the  larger  number  of  males  engaged  in  occu- 
ations  which  involve  exposure  to  the  poison. 

The  duration  of  exposure  before  symptoms  occur  varies  between  wide 
mils,  and  is  chiefly  influenced,  no  doubt,  by  the  amount  of  lead  daily 
asorbed.     When  this  is  large,  severe  symptoms  are  often  induced  in  a  few 


*  Indeed,  even  the  danger  of  bites  seems  small.  A  child,  whose  malady  was  verified  by 
e  inoculation  test,  bit  two  persons  whose  wounds  were  uncauterized,  and  at  the  end  of  six 
onths  they  were  still  well  {Riv.  Clin,  di  Bologna,  Aug.,  1886). 


weeks.  Some  of  the  most  acute  cases  occur  in  young  persons  whose  expo- 
sure has  been  brief.  It  is  probable  that,  when  the  daily  dose  of  the  poison 
is  small,  a  certain  amount  of  tolerance  is  sometimes  established,  which  may 
be  ultimately  overcome  in  consequence  of  the  accumulation  of  lead  in  the 
system,  or  in  consequence  of  some  other  impairment  of  the  general  health. 

The  sources  of  lead  poisoning  are  very  numerous,  but  may  be  divided 
into  two  groups,  the  industrial  and  the  accidental.  Of  the  former,  the  most 
potent  are  lead  works,  especially  those  in  which  white'  lead  is  prepared,  but 
more  frequent  are  the  various  industries  in  which  prepared  lead  is  used. 
Painters,  plumbers,  type  founders,  compositors,  and  those  who  glaze  pottery 
with  lead,  are  the  most  frequent  sufferers.  Glass  grinders  may  also  suffer, 
lead  being  a  constituent  of  most  kinds  of  glass.  The  accidental  sources  are 
extremely  numerous ;  the  most  frequent  is  the  contamination  of  drinking 
water  by  leaden  pipes,  or  by  lead-lined  cisterns.*  Acid  fruits,  cooked  in 
gjazed  earthenware  vessels,  have  become  charged  with  lead ;  shot  left  in 
wine  bottles,  after  cleaning,  has  been  dissolved  by  the  wine  ;  snuff  may  be 
contaminated  in  consequence  of  being  packed  in  lead  paper.  Lead  enters 
into  the  composition  of  some  hair  dyes  and  cosmetics,  and  cases  of  lead 
poisoning  have  occurred  from  their  use.  Lastly,  symptoms  of  chronic 
poisoning  have  occurred  from  the  continued  medicinal  administration  of 
lead. 

The  most  frequent  path  by  which  lead  enters  the  system  is  the  alimentary 
canal,  not  only  by  the  accidental  contamination  of  articles  of  food,  but  also 
through  uncleanliness.  Workers  with  lead  often  neglect  to  remove  all  trace 
of  lead  from  their  hands  before  taking  food,  and  thus  become  poisoned. 
This  is  shown  by  the  influence  of  enforced  cleanliness,  which  lessens  the 
amount  of  lead  poisoning  among  such  artisans.  Lead  may,  however,  enter 
through  the  skin,  as  in  poisoning  from  the  use  of  cosmetics  and  hair  dyes ; 
it  may  be  dissolved  by  some  of  the  organic  acids  secreted  by  the  cutaneous 
glands,  or  get  through  the  skin  in  consequence  of  the  friction  often  em- 
ployed in  rubbing  hair  dyes  into  the  roots  of  the  hair.  Lead  poisoning  has 
been  produced  in  children  by  the  continued  use  of  Goulard's  lotion.  Lead 
may  be  thus  absorbed  by  those  who  work  with  the  hands  immersed  in  a  pre- 
paration of  the  metal.  It  may  certainly  enter  by  the  mucous  membrane  of 
the  nose  (in  the  case  of  poisoning  by  contaminated  snuff)  and  probably  also  by 
that  of  the  other  air  passages ;  inhaled  particles  are  dissolved  by  the  alkaline 
secretion,  or  enter  the  tissues  and  are  dissolved  by  the  carbonic  acid  con- 
tained in  the  blood.  No  doubt,  however,  some  lead,  entering  by  the  air,  is 
carried  by  the  buccal  secretions  to  the  stomach. 

It  is  commonly  believed  that,  however  lead  enters  the  system,  it  acts  on 


*  Various  chemical  peculiarities  of  water  will  make  it  take  up  lead  more  readily.  For 
particulars,  the  reader  is  referred  to  works  on  hygiene.  A  curious  instance  is  related  by 
Thome,  in  which  lead  poisoning  at  Sheffield  was  due  to  the  presence  in  the  water  of  a  pecu- 
liar acid  derived  from  the  soil  {Practitioner,  Dec,  1886,  p.  465). 
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ie  tissues  through  the  blood,  permeating  the  whole  body  and  influencing 
liefly  certain  structures.  Unquestionably,  most  of  the  symptoms  must  be 
ius  produced.  But  lead  has  been  said  also  to  have  a  local  influence  on  the 
art  where  it  comes  in  contact  with  the  skin.  This  opinion,  although  based 
n  some  curious  facts,  has  not  received  general  confirmation  * 

The  lead  which  has  entered  the  system  collects  in  the  various  tissues  and 
rgans,  but  not  in  the  same  degree  in  all.  In  dogs,  to  which  lead  is  given 
1  food,  the  organs  have  been  found  to  contain  the  metal  in  the  following 
rder :  bones,  kidneys,  liver,  spinal  cord,  brain,  muscles,  intestine  ;  and 
Isewhere  only  a  trace  (Heubel).  It  is  doubtful,  however,  whether  this 
rder  is  always  the  same  in  man.  In  one  case,  for  instance,  much  more 
;ad  was  found  in  the  brain  than  in  the  liver,  and  none  in  the  spinal  cord 
Troisier  and  Lagrange) ;  while  in  another  case  the  liver  contained  much 
nd  the  brain  none.f  In  one  acute  case  lead  was  found  in  the  spinal  cord, 
iut  none  in  the  brain  (Comby). 

Lead  is  excreted  by  the  liver,  the  kidneys,  and  also,  it  is  said,  by  the 
ntestinal  mucous  membrane.  Lehmann  found  that  when  it  was  injected 
mder  the  skin  of  an  animal,  almost  all  passed  away  by  the  bile.J  Once 
ombined  in  the  organs,  it  is  very  slowly  eliminated,  and  its  presence  may 
>e  detected  years  after  it  has  ceased  to  be  taken  in.  It  probably  exists  in 
hem  in  some  combination  with  albumen. 

Symptoms. — Disturbance  of  the  general  nutrition  usually  precedes  other 
ymptoms,  although  it  may  escape  observation.  There  is  anaemia,  often 
:onsiderable,  and  depending  on  an  actual  diminution  in  the  number  of  blood 
:orpuscles.  The  haemoglobin  is  reduced  in  proportion  to  the  corpuscles, 
,nd  the  ansemia  of  lead  thus  differs  from  that  of  chlorosis,  in  which  the 
eduction  is  much  greater  in  the  haemoglobin  than  in  the  corpuscles.  Lead 
.naemia  resembles  in  this  respect  pernicious  anaemia,  and  the  resemblance 
s  not  merely  superficial.  The  reduction  in  the  number  of  the  corpuscles  is 
>robably  due  to  the  accumulation  of  lead  in  the  bones,  the  medulla  of  which 
s  known  to  be  one  of  the  chief  blood-making  tissues  of  the  body.  Atrophy 
ind  degeneration  of  the  bone  marrow  has  actually  been  found  in  lead  poi- 
oning  (Raimondi).  The  muscular  strength  lessens  under  the  influence  of 
he  anaemia.  As  a  rule  the  temperature  is  normal,  but  now  and  then  there 
s  a  slight  continuous  pyrexia  for  which  no  other  cause  than  the  lead  poison- 
ng  can  be  discovered.  I  have  seen  one  case  in  which  the  temperature  was 
:onstantly  99°-ioo°,  and  three  others  with  slight  fever  have  been  described 
>y  Renaut.  When  acute  nervous  symptoms  occur,  elevation  of  temperature 
s  frequent. 

Lead  is  excreted  in  part  by  the  kidneys,  and  the  urine  undergoes  alterations 
n  its  composition,  the  amount  of  uric  acid  being  diminished.  Hence  the 
ubjects  of  lead  poisoning  often  suffer  from  gout  when  they  have  reached 

*  The  facts  that  suggest  a  local  influence  are  mentioned  at  p.  1264. 

f  Pye  Smith,  in  Fagge's  "  Manual,"  ii,  163.  J  Lehmann,  in  Diss.  Berl.,  1882. 
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middle  or  later  life,*  and  the  kidneys  may  become  diseased,  as  in  gouty  sub- 
jects— indurated  and  granular.  Apart  from  actual  kidney  disease,  albumen 
may  be  present  in  the  urine  at  times,  as,  for  instance,  during  attacks  of  colic 
(Seguin).  We  do  not  know  whether  the  lead  poisoning  causes  the  renal 
degeneration  directly,  or  indirectly  by  the  induced  gout.  But  the  effect  is 
one  of  extreme  importance,  since  it  may  lead  to  cardiac  and  arterial  disease 
and  thus  to  cerebral  hemorrhage.  By  this  mechanism,  more  frequently  than 
by  any  other,  lead  poisoning  causes  death.  Both  renal  disease  and  arterial 
degeneration  are  probably  more  common  in  saturnine  than  in  ordinary  gout. f 
The  continued  action  of  lead  is  not  necessary  for  the  production  of  kidney 
disease,  and  this  may  develop  without  any  actual  attack  of  gout.  A  gentle- 
man suffered  from  wrist  drop  due  to  lead  poisoning  from  drinking  water ; 
his  urine  was  then  normal.  There  was  no  further  ingestion  of  lead  and  he 
recovered  perfectly,  but  six  years  later  presented  all  the  signs  of  organic 
kidney  disease. 

A  characteristic  symptom  of  lead  poisoning  is  a  narrow,  bluish-black  line 
on  the  gums,  close  to  the  teeth,  distinguished  by  its  narrowness  and  tint 
from  the  common  zone  of  purplish  congestion.  The  lead  line  usually  forms 
where  the  gum  is  not  in  perfect  union  with  the  tooth,  and  the  line,  as  seen, 
is  the  edge  of  a  layer  of  deposit  beneath  the  separated  surface  of  the  gum 
(Cras).  It  consists  of  sulphide  of  lead,  deposited  chiefly  outside  loops  of 
blood  vessels,  and  hence,  when  viewed  with  a  lens,  it  often  has  a  punctate 
appearance.  The  sulphur  comes  from  albuminous  matters  which  accumu- 
late between  the  gum  and  the  tooth  (Tomes).  If  the  gums  are  in  perfect 
union  with  the  teeth,  and  these  are  kept  scrupulously  clean,  the  lead  line 
may  be  visible  only  on  the  projections  of  gum  between  the  teeth,  and  it 
may  even  be  absent  entirely.  A  punctate  deposit  of  sulphide  of  lead  may 
form  in  the  mucous  membrane  of  the  lip,  upper  or  lower  (as  Garrod  first 
pointed  out).  It  is  only  seen  when  there  is  an  accumulation  of  tartar  on  the 
teeth,  with  which  the  stained  lip  was  in  contact.  A  low  form  of  stomatitis 
(accompanied  by  periostitis)  has  been  occasionally  observed  in  lead  poison- 
ing (Gubler,  Anguelo). 

Severe  abdominal  pain,  "lead  colic,"  is  another  frequent  symptom.  It 
is  a  paroxysmal  pain,  felt  chiefly  m  the  region  of  the  umbilicus,  sometimes 
over  a  more  extensive  area,  and  accompanied  with  obstinate  constipation. 
During  the  paroxysms  there  is  retraction  of  the  abdominal  wall,  sometimes 
vomiting,  and  usually  retardation  and  increased  tension  of  the  pulse.  The 
constant  constipation  proves  that  the  pain  is  not  (as  has  been  sometimes 
maintained)  in  the  abdominal  wall.  Another  theory  regards  it  as  pure  neu- 
ralgia of  the  sympathetic  plexuses,  accompanied  by  an  arrest  of  the  intestinal 


*  This  was  originally  pointed  out  by  Garrod,  and  has  since  been  recognized  almost  univer- 
sally.    The  clinical  evidence  of  it  is  such  that  acquired  gout  increases  very  much  the  proba- 
bility of  lead  poisoning  in  a  doubtful  case.     It  is  not  often  met  with,  however,  in  young 
ons<  f  Loriner,  Brit,  Med.  Journal,  July  24th,  1886. 
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contractions.  The  balance  of  evidence,  however,  is  in  favor  of  the  theory, 
implied  in  the  name,  that  the  pain  is  a  true  "  colic,"  the  result  of  spasmodic 
contraction  of  the  bowel,  probably  the  colon — a  contraction  which  is  tetanic 
and  not  peristaltic,  and  therefore  arrests  instead  of  promoting  the  movement 
of  the  intestinal  contents.  The  constipation  is  probably  facilitated  by  a 
diminution  in  secretion  from  the  mucous  membrane,  degenerative  changes 
in  which  have  been  proved  to  occur  in  lead  poisoning.  Such  tetanic  con- 
traction has  been  observed  in  animals  under  the  influence  of  lead,  but  the 
mechanism  by  which  it  is  produced  is  uncertain.  It  has  been  ascribed  to 
the  influence  of  lead  on  the  sympathetic  ganglia  (Tanquerel),  especially  the 
mesenteric  and  cceliac  plexuses  (Romberg,  Eulenburg),  on  the  nervous  gan- 
glia within  the  intestinal  wall  (Harnack),  on  the  muscular  fibres  of  the  bowel 
itself  (Hitzig),  and  it  has  been  supposed  to  be  connected  with  the  accumu- 
lation of  sulphide  of  lead  in  the  mucous  membrane,  sometimes  visible  after 
death.*  At  present  there  is  no  evidence  to  show  which  of  these  theories  is 
correct,  and  it  is  therefore  uncertain  whether  lead  colic  should  or  should 
not  be  classed  among  the  nervous  effects  of  lead  poisoning.  The  retarda- 
tion, and  the  increased  tension  of  the  pulse  associated  with  it,  are  doubtless, 
in  part  at  least,  reflex  effects  of  the  strong  afferent  impression. 

Nervous  Symptoms. — The  definite  nervous  symptoms  produced  by  lead 
poisoning  are  of  three  chief  classes:  (i)  pains  in  various  situations;  (2) 
local  paralyses  with  wasting  of  muscles ;  (3)  cerebral  symptoms,  convul- 
sions, delirium,  coma ;  sometimes  hemiplegic  weakness,  and  hemianaesthesia. 

(1)  Pains  in  the  limbs  are  very  common,  and  may  be  referred  to  the 
muscles  or  the  joints,  or  may  be  vague  in  seat.  They  are  usually  dull,  aching, 
"rheumatic"  pains,  but  sometimes  sharper  and  neuralgic  in  character. 
They  have  been  called  "saturnine  arthralgias,"  an  unsuitable  name,  because 
(apart  from  gout)  the  joint  pains  are  not  usually  prominent.  There  is  often 
tenderness  of  the  muscles,  and  occasionally  tingling  of  the  extremities,  very 
Tarely  areas  of  anaesthesia ;  I  have  seen,  for  instance,  diminished  sensibility 
to  touch  in  the  back  of  one  forearm  and  the  front  of  the  opposite  leg.  It  is 
probable  that  such  symptoms  are  sometimes  the  result  of  neuritis.  Muscu- 
lar "stiffness"  may  be  associated  with  the  pain,  and  now  and  then  there  is 
painful  cramp  in  the  calves.  When  the  pains  have  a  well-marked  neuralgic 
character,  in  the  arm  or  leg,  sharp  darting  pain  may  occur  along  the  course  of 
the  nerves,  and  exacerbations  may  be  excited  by  pressure  on  the  nerve  trunks 
(Dreyfour). 

(2)  Local  muscular  paralysis  with  wasting  is  a  very  common  consequence 
of  lead  poisoning.     It  presents  two  forms.     In  one,  the  most  frequent,  loss 


*  Maier  (  Virch.  Arch.,  Bd.  90)  found  degeneration  of  the  nervous  ganglia  in  the  wall  of 
the  intestine,  and  in  the  abdominal  sympathetic,  in  rabbits  in  which  chronic  lead  poisoning 
had  been  experimentally  produced.  He  also  found  similar  changes  in  a  case  of  saturnism 
in  man.  The  cceliac  plexus  was  surrounded  and  infiltrated  with  connective  tissue,  and  the 
sympathetic  cells  were  in  part  atrophied,  but  the  fibres  were  little  changed. 
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of  power  precedes  wasting,  and  the  muscles  present  the  "  degenerative  reac- 
tion," i.  e.  loss  of  faradaic  irritability  (from  acute  degeneration  of  the  nerve 
fibres)  and  preservation  of  the  voltaic 
irritability  of  the  muscular  tissue,  just  as 
in  a  traumatic  lesion  of  a  nerve.  The 
common  seat  of  this  form  is  the  extensor 
muscles  of  the  wrist  and  fingers,  and 
"wrist-drop"  results.  In  the  other 
form  of  saturnine  atrophic  paralysis  the 
weakness  and  wasting  come  on  simulta- 
neously and  proceed  pari  passu;  faradaic 
and  voltaic  irritability  are  both  lessened 
in  proportion  to  the  wasting,  just  as  in 
progressive  muscular  atrophy.  This  form 
may  affect  any  part,  but  is  especially 
common  in  the  small  muscles  of  the 
hand.  Between  these  two,  intermediate 
forms  are  sometimes  met  with,  in  which 
a  slight  increase  and  qualitative  change 
in  voltaic  irritability  accompanies  a 
moderate  diminution  in  that  to  farada- 
ism.  We  may  distinguish  the  two  varie- 
ties as  the  "degenerative"  and  the 
"  primary  atrophic  "  forms. 

In  the  first,  not  only  is  the  wasting  secondary  to  the  weakness,  but  some 
muscles  may  be  merely  weak,  and  may  recover  without  undergoing  atrophy. 
In  the  muscles  at  the  back  of  the  forearm  wasting  is  almost  invariable.  This 
extensor  paralysis  is  usually  bilateral,  although  one  arm  is  often  affected  a 
little  earlier  than  the  other.  The  right  arm  is  the  first  to  suffer,  perhaps  in 
consequence  of  the  greater  use  of  the  right  hand,  since  the  left  arm  has  been 
first  affected  in  a  left-handed  man.*  The  rule  is  not  invariable:  I  have 
known  the  left  hand  to  suffer  first  in  a  right-handed  patient.  The  interval 
between  the  affection  of  the  two  arms  may  be  a  few  days,  a  few  weeks,  very 
rarely,  several  months ;  occasionally  both  are  affected  together.  The  paraly- 
sis usually  comes  on  in  a  subacute  manner,  reaching  a  considerable  degree 
in  a  few  days  or  one  or  two  weeks.  The  onset  is  more  rapid  in  second  than 
in  first  attacks,  but  it  is  never  sudden,  i.  e.  there  is  never  immediate  con- 
siderable paralysis.  The  first  difficulty  is  in  the  extension  of  the  fingers, 
often  of  the  two  middle  fingers,  sometimes  of  the  first  and  second  ;  but  it 
soon  extends  to  the  others.  The  loss  is  that  of  extension  at  the  metacarpo- 
phalangeal joints  (by  the  long  extensors);  if  the  first  phalanges  are  passively 
straightened,  the  distal  phalanges  can  be  extended  without  difficulty  by  the 
unaffected  interossei  and  lumbricales.  The  thumb  also  suffers ;  extension  of 
the  phalanges  (by  the  E.  primi  and  E.  secundi  internodii  pollicis)  is  lost, 


Wrist-drop  from  lead  poisoning. 
graph) 


{From  aphato- 


*  Bernhardt,  Deut.  Arch.f.  Kl.,  Band  xxii,  363. 
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while  its  metacarpal  bone  can  be  still  extended  (or  rather  abducted)  by  the 
E.  ossis  metacarpi  pollicis  (abductor  pollicis  of  the  Germans).  The  weak- 
ness of  the  extensors  of  the  fingers  is  usual  greatest  toward  the  ulnar  side  ; 
the  first  finger  may  be  extended  best,  and  the  little  finger  least.  Soon  the 
extensors  of  the  wrist  become  weak ;  sometimes  the  radial,  sometimes  the 
ulnar  extensor  suffers  first,  with  a  corresponding  defect  in  the  lateral 
movement  of  the  hand,  and  deviation  in  the  attempt  to  extend  it.  The 
hand  ultimately  "  drops,"  and  cannot  be  brought  up  to  the  level  of  the  fore- 
arm. As  long  as  the  special  extensors  of  the  wrist  retain  power,  this  joint 
can  still  be  extended  when  the  fingers  are  flexed  so  as  to  close  the  fist, 
although  the  wrist  cannot  be  extended  when  the  fingers  are  also  extended. 
The  reason  for  this  seems  to  be  physiological.  When  in  health  the  hand 
and  fingers  are  both  extended ;  the  special  extensors  of  the  wrist  act  very 
little,  if  at  all ;  the  movement  at  the  wrist  joint  is  effected  by  the  long  exten- 
sor of  the  fingers.  If,  however,  the  fingers  are  flexed,  the  extension  of  the 
wrist  is  effected  by  the  special  extensors.  These  facts  may  readily  be  veri- 
fied by  placing  a  finger  on  the  tendon  of  the  E.  carpi  ulnaris  or  radialis, 

Fig.  340.  Fig.  341. 


Wrist-drop  from  lead  poisoning.  Fig.  340  shows  the  maximum  extension  of  the  wrists 
and  fingers;  Fig.  341,  the  extension  by  the  proper  extensors  of  the  wrist  when  the  fingers 
are  flexed. 

during  these  movements.  When  the  two  muscles  are  paralyzed  the  wrist 
cannot  be  extended,  even  with  the  fingers  flexed. 

The  flexors  of  the  fingers  are  unaffected.  Nevertheless  their  action  is 
seriously  impaired  by  the  inability  of  the  extensors  of  the  wrist  to  cooperate 
with  them,  and  to  maintain  the  extension  of  the  carpus  necessary  for  forcible 
flexion.  Hence  flexion  of  the  fingers  flexes  also  the  wrist,  and  the  course 
of  the  tendons  is  thus  so  shortened  that  the  maximum  contraction  of  the  flexor 
muscles  exerts  but  little  force.  The  repeated  flexion  of  the  carpus  produces  a 
slight  displacement  backward  of  the  carpal  bones,  and  probably,  also,  a 
distention  of  the  synovial  sacs  connected  with  them,  so  that  a  prominence 
forms  over  the  carpus  on  the  dorsum  of  the  hand.  It  often  alarms  the 
patient,  but  is  of  no  real  consequence.* 

In  most  cases  of  wrist-drop  the  paralysis  is  limited  to  the  muscles 
mentioned — the  common  extensor  of  the  fingers,  the  extensor  indicis,  the 
extensors  of  the  phalanges  of  the  thumb,  and  those  of  the  wrist.     All  these 

*  This  swelling  is  sometimes  termed  "  Gubler's  tumor." 
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muscles  are  supplied  by  the  musculo-spiral  nerve.  But  the  supinator  longus, 
also  supplied  by  that  nerve,  almost  always  escapes,  and  so  also,  as  a  rule, 
does  the  extensor  of  the  metacarpal  bone  of  the  thumb. 

The  affected  muscles  rapidly  waste,  and  the  back  of  the  forearm  becomes 
flattened,  rendering  the  integrity  of  the  supinator  longus  still  more  striking 
by  contrast.  The  electrical  reactions,  as  already  stated,  are  those  of  nerve 
degeneration  (see  p.  65).  There  is  loss  of  all  irritability  in  the  nerve,  and 
loss  of  faradaic  irritability  in  the  muscles,  while  that  to-voltaism  is  preserved, 
for  a  time  increased,  and  is  commonly  changed  in  quality.  The  anodal 
closure  contraction  occurs  as  readily,  or  more  readily,  than  the  kathodal 
closure,  and  a  continuous  tetanic  contraction  is  readily  produced  during  the 
passage  of  the  current.  Such  a  qualitative  change  may  even  precede  the 
onset  of  the  paralysis  (Erb).  Thus,  in  one  early  case,  in  which  one  arm 
only  was  affected,  I  found  in  it  the  early  anodal  contraction,  while  in  the 
other,  which  was  not  paralyzed,  the  only  change  was  the  occurrence  of 
tetanic  contraction  with  an  unduly  weak  current.  The  excessive  degree  of 
voltaic  irritability  passes  away  in  the  course  of  a  few  months,  but  some  irri- 
tability remains  for  a  year  or  two,  even  when  there  is  no  return  of  power, 
and  it  can  often  be  quickly  increased  by  sedulous  treatment. 

Although  lead  palsy  is  usually  limited  to  these  muscles,  it  occasionally 
invades  the  upper  arm.  The  deltoid  suffers  most  frequently,  and  sometimes 
before  the  forearm  muscles.  Occasionally  the  biceps  and  brachialis  anticus 
suffer,  very  rarely  the  triceps.  In  severe  cases,  those  muscles  in  the  fore- 
arm may  suffer  which  usually  escape — the  extensor  ossis  metacarpi  pollicis, 
and  even  the  supinator  longus.  Very  rarely  the  supinators  suffer  early. 
Occasionally  the  small  muscles  of  the  hand  are  involved,  but  it  is  more  com- 
mon for  their  affection  to  be  of  the  second  variety,  the  primarily  atrophic. 
Different  parts  of  a  muscle  may  be  affected  in  different  degree ;  thus  the 
fingers  may  be  variously  paralyzed  by  the  greater  affection  of  certain  parts  of 
the  common  extensor,  and  one  part  of  the  deltoid  may  suffer  more  than 
another. 

In  the  legs  paralysis  sometimes  occurs,  analogous  to  that  just  described  in 
the  arm.  The  muscles  chiefly  affected  are  those  homologous  with  the  fore- 
arm muscles,  viz.  :  the  long  extensor  of  the  toes,  and  the  peronei  muscles 
supplied  by  the  peroneal  nerve.  But  the  tibialis  anticus,  although  supplied 
by  the  same  nerve,  usually  escapes,  like  the  supinator  longus  in  the  arm. 
The  affected  muscles  present  the  degenerative  reactions  already  described. 
Slight  deformity  of  the  foot,  talipes  equino-varus,  may  result. 

Occasionally  muscles  in  which  there  is  no  wasting  may  be  weak,  espe- 
cially the  muscles  of  the  upper  arm  and  thigh  (including  the  ileo-psoas).  In 
such  muscles  there  is  often  (although  not  invariably)  a  slight  indication 
of  the  qualitative  change  in  voltaic  irritability  already  described  (Erb). 
Now  and  then  there  may  be  universal  loss  of  power,  incomplete  in  degree. 
Incontinence  of  faeces  and  urine  is  occasionally  observed.  I  have  once 
met  with  persistent  loss  of  power  over  the  spinchter  ani  associated  with 
anesthesia  of  the  skin  about  the  anus  and  coccyx. 


1262  LEAD   POISONING. 

The  second  form,  characterized  by  primary  atrophy,  occurs  especially  in 
the  intrinsic  muscles  of  the  hand,  but  is  sometimes  extensive  and  irregular  in 
its  distribution,  affecting  many  muscles  in  all  four  limbs.  The  wasting  is 
slow,  and  accompanies,  instead  of  succeeding,  loss  of  power.  Fibrillary 
twitchings  are  common,  as  in  progressive  muscular  atrophy.  The  muscles 
still  act  to  faradaism,  although  the  irritability  is  lowered  in  proportion  to  the 
wasting;  the  voltaic  irritability  is  usually  lowered  in  a  similar  manner,  but 
it  is  sometimes  a  little  .greater  than  the  faradaic,  and  there  is  often  a  qualita- 
tive change.  This  form  usually  accompanies  the  degenerative  extensor  pa- 
ralysis, but  it  may  occur  alone.  It  is  much  more  obstinate  than  the  degener- 
ative form,  and  often  persists  long  after  the  latter  has  recovered ;  it  may 
indeed  be  permanent.  For  instance,  a  gentleman,  poisoned  by  drinking- 
water,  suffered  complete  wrist-drop  on  both  sides,  with  wasting  and  loss  of 
faradaic  irritability  in  the  muscles,  the  voltaic  irritability  being  preserved. 
There  was  transient  weakness,  without'  wasting,  in  the  deltoids.  The 
abductor  indicis  had  slowly  wasted  with  merely  diminution  of  both  fara- 
daic and  voltaic  irritability,  and  it  remained  in  nearly  the  same  state  four  years 
later,  although  the  paralysis  of  the  forearm  muscles  recovered  in  twelve 
months.  An  instance  of  extensive  atrophic  paralysis  was  afforded  by  a  painter, 
aged  thirty-two,  with  a  well  marked  line  on  the  gums,  and  a  history  of  three 
attacks  of  colic.  First  the  right  wrist  "  dropped  "  and  then  the  whole  arm 
became  weak  from  the  shoulder  downward.  Four  months  later  the  left  arm 
became  paralyzed  in  a  similar  manner,  and  soon  afterward  both  legs  became 
weak.  He  came  under  treatment  six  months  later ;  there  was  general  wast- 
ing of  the  limbs,  including  in  the  arms  the  flexor  muscles  and  supinator, 
the  hand  muscles  being  almost  entirely  gone.  The  muscles  of  the  legs 
below  the  knees  were  much  wasted.  Everywhere  faradaic  and  voltaic  irrita- 
bility was  lessened  in  proportion  to  the  wasting,  and  even  in  the  most  wasted 
muscles  faradaic  irritability  was  not  entirely  extinct.  The  patient  was  treated 
with  electricity,  iodide,  etc.,  for  six  months,  but  there  was  no  discoverable 
improvement  in  the  state  of  the  limbs. 

As  the  cases  just  mentioned  show,  the  course  of  the  primary  atrophy  is 
extremely  chronic  and  it  may  never  completely  recover.  On  the  other  hand 
the  degenerative  paralysis,  of  which  the  wrist-drop  is  the  type,  usually 
recovers  perfectly,  although  its  duration  is  prolonged  in  proportion  to  the 
amount  of  wasting  that  has  occurred.  When  this  is  great,  the  paralysis 
continues  for  six  or  eight,  or  even  twelve  months.  Voluntary  power  may 
return  before  faradaic  irritability.  If  the  wasting  is  moderate,  and  faradaic 
irritability  is  not  entirely  lost,  recovery  may  occur  in  three  or  four  months. 
Simple  weakness  without  loss  of  faradaic  irritability  usually  passes  away  in 
the  course  of  six  or  eight  weeks.  Wrist-drop  readily  recurs  if  the  patient  is 
again  exposed  to  the  influence  of  lead,  and  a  very  slight  exposure  is  sufficient 
to  bring  it  back.  A  painter  had  wrist-drop,  and  on  his  recovery  became  a 
college  porter,  spending  his  time  in  a  small  "porter's  box."  Sometime 
afterward  a  relapse  occurred,  and  the  only  cause  that  could  be  ascertained 
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was  that  the  box  had  been  repainted.*     Occasionally,  a  severe  relapse  is 
permanent. 

Sensory  Symptoms. — There  is  usually  little  or  no  pain  in  the  affected  limbs, 
even  at  the  time  of  the  onset  of  the  palsy.  Rarely  some  sharp,  darting  pains 
occur  before  the  palsy  develops,  more  often  in  the  legs  than  in  the  arms. 
Sensation  on  the  limbs  is  also,  as  a  rule,  normal.  Occasionally  there  is  a 
little  impairment  of  tactile  sensibility,  but  when  this  occurs  it  is  irregular  and 
does  not  correspond  to  the  distribution  of  the  nerves  ;  in  one  case  there 
were  irregular  areas  of  anaesthesia  on  the  front  and  back  of  the  hand  and 
wrist,  and  on  the  tips  of  the  fingers.f 

Laryngeal  palsy  is  a  very  rare  effect  of  lead  poisoning.  One  or  both 
vocal  cords  may  be  paralyzed,  and  they  may  undergo  atrophy  (Morell  Mac- 
kenzie). Three  cases  have  also  been  described  by  Seifert.  J  In  one  the  muscle 
affected  was  the  arytenoideus,  in  another  all  the  intrinsic  muscles  of  one 
side,  in  a  third  the  posterior  crico-arytenoids,  which  were  found  pale  and 
atrophied  after  death.  Horses  that  work  in  lead  mines  are  said  to  get 
paralysis  of  the  laryngeal  muscles. 

Local  Spasm. — Cramps  in  the  legs  are  not  uncommon  in  the  early  stage  of 
the  affection,  but  more  definite  local  spasm  is  very-rare.  I  have  once  known 
flexor  spasm  in  the  forearms  to  precede  the  onset  of  wrist-drop.  Another 
patient,  with  lead  poisoning  and  colic,  but  no  paralysis,  suffered  from  a 
brief  but  well-marked  attack  of  tetany,  for  which  no  other  cause  than  the 
lead  poisoning  could  be  discovered ;  the  paroxysms  were  confined  to  the 
arms,  and  recurred  several  times  daily  for  about  a  week. 

Tremor  \%  less  common  in  chronic  poisoning  by  lead  than  in  that  by  some 
other  metals,  but  it  is  occasionally  present  in  the  hands  in  cases  of  long 
duration.  It  may  be  fine  tremor,  like  that  of  old  age ;  occasionally  it 
resembles  closely  paralysis  agitans ;  more  frequently  it  is  increased  by  move- 
ment, more  than  that  of  paralysis  agitans,  and  is  wider  in  range  and  more 
irregular  in  its  distribution.  I  have  known  it  to  affect  chiefly  the  flexors  of 
the  elbow  and  wrist  and  the  supinator  longus — the  muscles  which  escape  in 
paralysis.  The  lips  and  tongue  may  also  be  involved,  and  if  there  is  no 
palsy  the  case  then  closely  resembles  one  of  mercurial  poisoning.  An  occa- 
sional but  rare  symptom  is  difficulty  of  micturition,  depending,  it  is  said,  on 
spasm  of  the  sphincter.  § 


*  It  has  been  suggested  by  Putman  {Boston  Med.  and  Surg.  Journ.,  Aug.,  1887)  that 
slight  weakness  in  the  legs,  with  excessive  knee  jerk,  and  also  other  symptoms  of  impaired 
nutrition  of  the  nervous  system,  may  be  due  to  slight  chronic  lead  poisoning.  He  has  found 
minute  traces  of  lead  in  the  urine  of  many  patients  thus  affected.  It  is  at  present  doubtful 
whether  the  detection  of  a  trace  of  lead  in  the  urine  justifies  us  in  ascribing  any  symptoms  to 
lead  poisoning,  when  there  is  no  line  on  the  gums.  Of  course,  the  condition  of  the  gums 
must  be  taken  into  consideration  in  estimating  the  significance  of  the  absence  of  a  lead 
line  (see  remarks  in  "  Diagnosis  "). 

f  Oliver,  Brit.  Med.  Journ.,  iSSj,  vol.  ii,  p.  732. 

X  Berl.  kl.  Wochensch.,  1884,  p.  535-  2  Lejeune,  Thhe  de  Paris,  1881. 
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Local  Saturnism. — Under  this  name,  Manouvriez*  described  supposed 
local  effects  of  lead  on  the  parts  to  which  it  was  applied.  Such  a  local 
influence,  except  as  regards  the  cutaneous  nerves,  is  very  difficult  to  under- 
stand, and  the  facts  that  have  been  supposed  to  demonstrate  it  have  received 
zery  little  confirmation.  Manouvriez  collected  thirty  cases  in  which  local 
symptoms  coincided  with  the  local  application  of  lead  to  the  skin.  In  some 
there  was  a  lead  line,  in  others  there  was  not.  In  most  cases  there  was  loss 
Df  motor  power ;  nine  employed  their  feet  to  stamp  on  lead  and  had  weak- 
ness of  the  muscles  of  the  legs.  He  ascribed  the  fact  that  wrist-drop  occurs 
first  in  the  right  hand  (or  in  the  left  in  left-handed  persons)  to  the  chief  use 
sf  the  hand  affected,  and  described  two  right-handed  men,  who  manipu- 
lated lead  with  their  left  hand,  in  whom  this  hand  suffered  first.  Among  a 
large  number  of  sufferers  it  would  not  be  difficult  to  find  some  examples  of 
such  coincidence,  even  if  there  were  no  causal' relation  between  the  phe- 
nomena. Nevertheless,  some  analogous  facts  have  been  recently  published 
by  others.  Monnereau  f  observed  in  himself  distinct  loss  of  sensibility  at 
the  place  where  lead  had  been  rubbed  in.  Capelle  relates  J  the  case  of  a 
smith  with  colic  and  wrist-drop,  who  had  worked  with  his  left  hand  in  lead, 
and  there  was  extensive  anaesthesia  in  the  left  arm  and  none  in  the  right. 
Again,  a  man,  whose  boots  were  strongly  impregnated  with  white  lead,  had 
anaesthesia  of  both  feet,  and  weakness  of  some  muscles  of  the  legs.  These 
facts  suggest  that  lead  may  cause  some  local  anaesthesia,  but  it  is  probable 
that  the  coincidence  of  muscular  weakness  was  accidental. § 

Cerebral  Disturbance ;  Encephalopathia  saturnina  (Tanquerel).  Symp- 
toms of  disturbance  of  the  function  of  the  brain  occasionally  occur  in  severe 
lead  poisoning,  and  sometimes  in  cases  of  moderate  severity.  They  vary 
much  in  character,  and  may  be  acute,  subacute  or  chronic.  The  disturb- 
ance is  usually  general,  but  in  rare  cases  hemiplegic  symptoms  have  been 
observed.  The  loss  of  motor  power  is  slight,  but  that  of  sensation  is  con- 
siderable; there  maybe  partial  or  complete  hemiansesthesia,  involving  gene- 
•al  and  special  sensation.  These  symptoms  are  usually  transient,  and  are 
ipparently  due  to  functional  disturbance,  such  as  occurs  in  hysteria.  Such 
lemiplegia  must  not  be  confounded  with  that  which  results  from  cerebral 
lemorrhage,  also  common  in  the  subjects  of  prolonged  lead  poisoning. 

Much  more  frequent  is  general  cerebral  disturbance,  manifested  by  con- 
vulsions, delirium  and  coma.  Its  onset  is  often  acute,  but  may  be  preceded 
)y  certain  slighter  symptoms,  giddiness,  noises  in  the  ears,  tremor,  restless- 
less  and  insomnia.     The  convulsions  may  occur  at  the  onset  or  during  the 


*  Gaz.  des  Hop.,  1874,  P-  29°-  t  Monnereau,  Thise  de  Paris,  18S3. 

\  Capelle,  Thise  de  Paris,  1883. 

\  Fremont  {La  France  Mid.,  1882,  p.  892)  has  recorded  a  case  of  a  man  who  one  day 
forked  with  his  left  hand  only  in  contact  with  lead,  and  did  not  wash  it  for  three  hours. 
Jext  morning  there  was  tingling  in  the  hand  and  weakness  of  the  extensor  of  the  fingers. . 
The  possibility  of  a  slight  injury  to  the  musculo-spiral  nerve  renders  this  case  of  little  sig. 
ificance. 
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course  of  the  delirium  ;  they  are  epileptiform  in  character,  consisting  of 
tonic  and  clonic  spasm.  They  are  usually  general,  but  occasionally  one 
side  is  affected  before,  or  more  than,  the  other.  Very  rarely  they  may  be 
hystero- epileptic  (Bramwell)  or  cataleptic  (Bartens).  There  may  be  much 
muscular  agitation,  and  general  hypereesthesia  has  been  observed  (Gabbett). 
The  acute  delirium  often  sets  in  suddenly,  and  is  usually  active,  with  con- 
siderable excitement,  and  sometimes  attended  with  hallucinations  of  sight 
and  hearing.  When  it  is  accompanied  by  muscular  tremor,  the  condition 
may  closely  resemble  delirium  tremens.  Somnolence  and  coma  usually  suc- 
ceed delirium  and  convulsions.  The  coma  is  not  often  absolute ;  the  patient 
can  be  roused  for  a  few  moments,  but  quickly  relapses  into  unconsciousness. 
This  acute  cerebral  disturbance  is  often  accompanied  by  optic  neuritis,  and 
is  frequently  fatal,  especially  when  there  are  repeated  convulsions  or  deep 
coma.  Slight  fever  (ioo°-ioi°)  sometimes  attends  these  cerebral  symptoms. 
Death  may  occur  in  the  coma,  from  respiratory  failure,  the  heart  continuing 
to  act  after  the  respiration  has  stopped. 

Chronic  general  cerebral  disturbance  also  occurs.  It  may  succeed  the 
acute  stage,  or  may  commence  gradually.  I  have  seen  several  cases  in 
which  convulsions,  similar,  in  character  and  course,  to  those  of  ordinary 
epilepsy,  occurred  in  the  subjects  of  lead  poisoning,  without  other  symp- 
toms, and  continued  for  years  after  the  toxic  influence  had  ceased. 

More  frequent,  however,  is  chronic  mental  disturbance,  often  necessitating 
confinement.  The  most  common  form  is  melancholia  with  delusions.  Some- 
times there  are  failure  of  mental  power  and  muscular  weakness,  resembling 
those  of  general  paralysis  of  the  insane,  but  coming  on  more  rapidly. 
True  general  paralysis  of  the  insane,  with  exalted  delusions,  typical  course 
and  post-mortem  appearances,  has  occurred  in  the  subjects  of  lead  poisoning 
and  may  have  been  due  to  it  (Monakow,  Ullrich). 

The  eye  symptoms  that  occur  are  of  considerable  importance  and  deserve 
special  mention.  Inequality  of  the  pupils  is  occasionally  observed.  Vision 
may  be  affected  without  any  ophthalmoscopic  changes ;  there  is  complete 
bilateral  ^oss  of  sight,  resembling  uraemic  amaurosis,  but  occurring  when 
there  is  no  renal  affection.  When  unilateral,  or  greater  on  one  side,  it  may 
be  associated  with  hemiansesthesia  and  affection  of  the  other  special  senses 
on  that  side.  The  incomplete  amblyopia  is  attended  with  concentric  limita- 
tion of  the  field  and  loss  of  color  vision.  These  symptoms  have  been  chiefly 
described  by  French  observers.  Annular  scotomata  have  been  observed 
(Landolt).     I  have  once  met  with  transient  green  vision. 

In  cases  of  acute  lead  poisoning,  especially  with  cerebral  symptoms,  optic 
neuritis  is  frequent.  The  swelling  of  the  papilla  is  considerable  in  degree, 
and  accompanied  by  hemorrhages  (  "  Medical  Ophthalmoscopy,"  plate  vii, 
fig.  6).  In  less  severe  cases  I  have  occasionally  seen  slight  chronic  optic 
neuritis.  The  inflammation,  both  slight  and  severe,  may  pass  off  under 
treatment,  without  impairment  of  sight,  but  severe  neuritis  may  cause  "con- 
secutive atrophy. ' '  Atrophy  occurs,  also,  without  preceding  neuritis,  or  with 
only  transient  congestion  of  the  discs  at  the  onset  (Horner,  Hutchinson). 
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It  is  usually  double,  but  one  eye  may  be  affected  before,  and  more  than, 
the  other.  The  ultimate  condition  is  usually  a  grayish  atrophy,  often  with 
white  lines  along  the  vessels.     It  may  slowly  progress  to  complete  loss  of 

sight. 

The  acute  and  chronic  symptoms  of  lead  poisoning  are  often  variously 
combined,  and  thus  different  cases  may  vary  in  their  aspect.  Moreover,  the 
symptoms  present  in  chronic  cases  differ  much.  Colic,  although  the  most 
frequent,  is  not  invariable;  palsy  may  come  on  without  any  preceding  colic, 
and  tremor  or  pains  sometimes  exist  for  a  long  time  without  paralysis. 

Pathological  Anatomy.— Lead  may  be  found  in  various  organs  by 
chemical  analysis,  but  its  presence  only  causes  visible  signs  where  it  has  been 
exposed  to  the  influence  of  sulphur  in  a  form  that  can  enter  into  combina- 
tion with  the  lead.  The  intestine  may  be  dotted  with  minute  black  specks, 
as  Fagge  has  pointed  out.  The  chief  lesions  in  lead  poisoning  have  been 
found  in  cases  of  local  paralysis  and  wasting. 

The  wasted  muscles  are  small  and  pale,  sometimes  even  yellowish  in  tint, 
and  are  brittle.  In  cases  of  short  duration,  many  of  the  muscular  fibres  are 
narrower  than  normal,  but  the  striae  are  preserved,  although  a  tendency  to 
longitudinal  or  transverse  Assuring  is  sometimes  seen.  The  nuclei  of  the 
sheath  are  increased  in  number.  When  the  wasting  has  lasted  for  a  con- 
siderable time,  the  fibres  present  still  greater  narrowing,  colloid  or  vitreous 
degeneration,  and  there  is  often  granular  or  fatty  degeneration,  although  in 
some  cases  this  is  absent.  The  nuclei  are  increased  in  number,  and  there  is 
also  an  increase  of  the  connective  tissue,  in  which  fat  may  be  found.'  The 
process  of  destruction  goes  on,  until  ultimately  many  of  the  sarcolemma 
sheaths  become  empty,  and  in  the  end  almost  all  trace  of  muscular  tissue 
may  disappear,  connective  tissue,  nuclei  and  masses  of  fat  taking  its  place. 
The  walls  of  the  vessels  often  become  thickened. 

In  the  nerves,  morbid  changes  are  constantly  found.  They  are  always 
intense  in  the  intramuscular  twigs,  and  in  the  branches  from  which  these 
twigs  proceed.  They  are  usually  considerable  in  the  larger  trunks,  but 
commonly  become  slighter  the  further  from  the  periphery  the  nerve  is 
examined.  Sometimes  a  few  degenerated  fibres  can  be  traced  throughout 
the  nerves.  The  affection  of  the  nerve  seems  to  begin  by  a  change  in  the 
medullary  sheath,  which  becomes  narrower,  cloudy  and  granular,  the  axis 
cylinder  being  intact  and  the  outer  sheath  and  nuclei  presenting  little  altera- 
tion. With  this,  however,  is  combined  a  more  considerable  change  resem- 
bling the  "  Wallerian"  degeneration  that  is  secondary  to  a  lesion  of  a  nerve 
(see  p.  60).  The  myelin  undergoes  segmentation,  the  axis  cylinder  also 
breaks  up,  the  nuclei  and  protoplasm  of  the  sheath  become  increased,  and 
the  products  of  this  degeneration  accumulate  in  masses  of  myelin  and 
granule  corpuscles.  The  slighter  change  (which  Gombault,*  who  first 
described  it,  termed  "  peri-axial  neuritis  ")  is  sometimes  segmental,  affecting 
short  tracts  of  the  nerve,  that  are  separated  by  normal  portions,  or  the  upper 

*  Arch,  de  Phys.,  vol.  v,  p.  592. 
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part  of  the  degenerated  region  may  present  only  the  change  in  the  medullary 
sheath,  while  in  the  lower  part  there  are  the  more  extensive  alterations. 
These  alterations  are  always  most  intense  in  the  radial  nerve  and  its  branches ; 
but  it  is  only  in  extreme  cases  that  all  the  fibres  of  the  nerve  are  involved ; 
generally,  normal  fibres  are  mingled  with  those  that  are  degenerated,  and 
become  more  numerous  the  higher  up  the  nerve  is  examined.  In  some  cases 
of  long  duration,  appearances  have  been  seen  suggestive  of  a  process  of 
regeneration ;  these  are  very  narrow  but  otherwise  perfect  nerve  fibres,  or 
an  axis  cylinder  ends  suddenly,  and  is  continued  by  two  smaller  ones 
(Westphal,  Gombault). 

In  most  cases  the  degeneration  ceases  long  before  the  anterior  roots  are 
reached;  and  these  are  normal.  In  a  few  cases,  however,  marked  changes 
have  been  found  in  the  anterior  roots,  similar  to  those  in  the  peripheral 
nerves.  Normal  fibres  were  mingled  with  those  that  were  affected.  In  one 
case  of  unilateral  palsy,  only  the  roots  on  the  side  corresponding  to  the 
paralysis  were  affected.  The  posterior  roots  have  always  been  found 
unchanged. 

In  the  spinal  cord,  in  most  cases,  no  morbid  appearances  have  been  found 
even  when  wrist-drop  has  been  of  long  duration.  In  cases  with  advanced 
kidney  disease  the  walls  of  the  vessel  have  been  thickened,  and  sometimes 
there  has  been  a  general  increase  in  the  connective  tissue  throughout  the 
cord.  In  a  few  cases,  however,  distinct  alterations  have  been  seen  in  the 
cord,  especially  in  cases  with  the  slower  form  of  muscular  atrophy.  In  one 
case  the  consistence  of  the  cervical  enlargement  was  reduced.  Atrophy  of 
the  ganglion  cells  of  the  anterior  cornua  has  been  several  times  noted,* 
slight  in  some  instances,  in  others  considerable,  especially  in  the  inner 
anterior  group  of  cells.  This  was  especially  conspicuous  in  a  case  described 
by  Monakow,  in  which  there  was  slow  wasting  of  the  deltoid,  thenar,  and 
hypothenar  muscles,  in  addition  to  the  common  wrist-drop.  Spots  of  soften- 
ing in  the  anterior  cornua  and  intermediate  gray  matter  were  found  in  one 
case  by  Oeller,  in  addition  to  wasting  of  some  of  the  nerve  cells. 

The  brain  has  presented  no  marked  changes  even  in  cases  in  which  the 
cerebral  symptoms  have  been  well  marked.  Slight  traces  of  inflammation 
have  been  found  in  the  membranes  in  a  few  instances,  and  in  the  case  in 
which  there  were  the  characteristic  symptoms  of  general  paralysis  of  the 
insane,  there  was  evidence  of  considerable  inflammation  both  of  the  pia 
mater  and.  of  the  external  surface  of  the  dura  mater.  In  the  optic  papilla 
the  usual  signs  of  inflammation  have  been  found,  and  in  Oeller's  case  there 
was  also  "  hyaline  degeneration  "  of  the  walls  of  the  vessels,  extending  back 
into  the  trunk  of  the  optic  nerve. 

Pathology. — The  changes  that  have  been  found  in  lead  poisoning  clearly 
point  to  a  primary  influence  on  the  peripheral  nerves,  and  the  knowledge  we 


*  By  Vulpian,  Monckton,  Zunker,  Monakow,  Carriew,  Oeller,  and  others.  Pigmentation 
of  the  cells  has  often  been  seen,  but  its  significance  is  doubtful.  I  have  seen  it  in  one  young 
subject. 
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now  possess  of  the  occurrence  of  a  primary  degenerative  neuritis  as  an  effect 
of  many  toxic  agents  renders  the  pathology  of  lead  poisoning  less  mysterious 
than  it  was  a  few  years  ago.  The  wrist-drop  is  the  palsy  that  we  can  refer 
most  surely  to  this  mechanism.  The  peculiar  limitation  of  the  paralysis  to 
the  muscles  supplied  by  a  single  nerve  has  always  suggested  its  neuritic  origin, 
although  the  escape  of  the  supinator  longus  constituted  a  difficulty  in  accept- 
ing this  explanation,  and  the  significance  of  the  limitation  is  lessened  by  the 
fact,  on  which  Remak  has  insisted,  that  palsy  of  a  precisely  similar  distribu- 
tion may  result  from  a  primary  affection  of  the  spinal  cord.  But  it  is  in  the 
cases  of  simple  wrist-drop  that  the  integrity  of  the  cord  has  most  frequently 
been  demonstrated ;  the  escape  of  the  supinator  longus  is  explained  by  the 
tendency  of  the  degeneration  to  affect  the  peripheral  part  of  the  nerve  (and 
is,  moreover,  not  invariable),  while  the  correspondence  of  saturnine  wrist- 
drop with  that  which  is  due  to  alcoholic  neuritis  completes  a  very  strong 
chain  of  evidence  regarding  its  nature.  It  is  probable  that  the  same  conclu- 
sion holds  good  regarding  the  palsy  of  the  muscles  of  the  leg  that  correspond 
to  the  extensors  in  the  arm  and  are  supplied  by  the  peroneal  nerve.  The 
neuritis  appears  to  be  essentially  of  the  degenerative  variety,  and  it  must  be 
ascribed  to  a  primary  influence  of  the  toxic  agent  on  the  nerve  elements.  It 
appears,  moreover,  that  the  motor  fibres  suffer  far  more  than  the  sensory 
fibres,  and  probably  they  suffer  alone  in  cases  of  slight  or  moderate  severity. 
This  feature  is  more  conspicuous  than  in  the  case  of  alcoholic  neuritis. 
The  localization  of  the  influence,  the  special  tendency  of  the  radial 
nerve  to  suffer,  is  at  present  as  unexplained  as  are  other  analogous  facts 
regarding  the  "elective"  influence  of  other  poisons.  It  is  probably  to 
be  ascribed  at  least  as  much  to  a  proclivity  of  the  nerve  to  suffer  as  to 
any  characteristic  of  the  poison,  since  this  nerve  is  first  affected  by  many 
toxic  agents.  Other  nerves  suffer  also  in  severe  cases,  although  less  readily 
than  the  radial. 

It  is  doubtful  whether  lead  has  any  primary  action  on  the  muscles.  The 
changes  in  their  nutrition,  and  in  their  reactions  to  electricity,  are  those  that 
are  met  with  after  primary  lesions  of  nerves,  and  are  sufficiently  explained 
by  the  invariable  neuritis.  Its  assumption  is  not  needed  to  explain  the 
symptoms. 

But  the  action  of  lead  is  certainly  not  confined  to  the  peripheral  nerves. 
In  severe  cases  the  motor  cells  of  the  cord  and  the  anterior  roots  may  also 
undergo  degeneration.  Probably  most  poisons  that  act  first  and  chiefly  on 
the  peripheral  parts  of  the  motor  nerve  fibres — on  the  periphery  of  the  lower 
segment  of  the  motor  path — have  also  a  tendency  to  influence  the  cells  from 
which  the  fibres  spring,  and  of  which  they  are  really  part,  i.  e.  they  have  an 
influence  on  the  whole  of  the  lower  segment.  Many  recorded  facts  suggest, 
moreover,  that  the  observed  difference  in  the  character  of  the  muscular 
affection  corresponds  to  a  difference  in  the  seat,  as  well  as  in  the  character 
of  the  degeneration ;  that  the  acute  "atrophic  paralysis,"  with  the  rapid 
wasting  succeeding  loss  of  power  and  attended  by  the  degenerative  reaction, 
is  due  to  the  acute  degeneration  of  the  peripheral  nerve  fibres,  and  that  the 
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slower  wasting,  with  slow  failure  of  power  and  irritability,  is  due  to  changes 
in  the  nerve  cells  of  the  cord,  of  more  chronic  course.* 

The  cerebral  symptoms  of  lead  poisoning  seem  to  be  independent  of  any 
visible  change.  Although  they  have  been  ascribed  to  some  vascular  disturb- 
ance, it  seems  more  probable  that  they  are  due  to  the  direct  action  of  the 
poison  on  the  nerve  elements.  We  have  conclusive  evidence  of  an  action  on 
the  nerve  elements  themselves  in  the  nature  of  the  peripheral  neuritis.  At 
the  same  time,  acute  disturbance,  even  when  it  begins  in  the  nerve  elements, 
is  apt  to  involve  also  the  interstitial  tissue,  and  even  the  vessels,  and  may 
assume  the  character  of  general  inflammation  in  tissues  disposed  to  this  pro- 
cess. The  optic  neuritis  may  be  such  a  direct  effect  of  the  poison,  but  it  is 
possible  that  it  is  excited  by  some  slight  irritative  process  descending  from 
the  brain. 

Diagnosis— The  recognition  of  lead  poisoning  depends,  first,  on  the 
character  of  the  symptoms  of  nerve  disturbance  ;  secondly,  on  the  existence 
of  other  indications  of  the  presence  of  lead  in  the  system ;  thirdly,  on  the 
discovery  of  the  fact  that  lead  is  entering  the  system  ;  fourthly,  on  the  fact 
that  lead  is  leaving  the  system  by  the  urine.  The  diagnosis  can  only  reach 
a  high  degree  of  probability  when  two  or  more  of  these  indications  are  com- 
bined. It  is  especially  important  that  too  much  weight  should  not  be 
placed  on  the  character  of  the  symptoms  alone  ;  many  errors  in  diagnosis 
are  due  to  this. 

When  the  symptoms  are  such  as  to  suggest  that  lead  may  be  their  cause, 
the  next  step  in  diagnosis  is  to  ascertain  if  there  is  any  other  evidence  of  the 
presence  of  this  poison  in  the  system.  The  variations  in  the  lead  line  have 
been  already  mentioned.  If  no  line  is  conspicuous,  and  the  gums  are, 
in  general,  good,  a  search  should  be  made  for  any  place  where  the  gum  is 
not  closely  attached  to  the  tooth,  and  the  projections  between  the  teeth 
must  be  carefully  examined,  since  the  line  may  be  found  only  at  these 
places.  A  fragment  of  distinct  line  is  quite  conclusive,  and  the  absence  of 
any  line  does  not  exclude  lead  poisoning  if  the  gums  are  everywhere  in  per- 
fect contact  with  the  teeth.  On  the  other  hand,  if  the  gums  are  separated 
from  the  teeth  in  many  places,  and  there  is  tartar  on  the  teeth,  the  absence 
of  a  line,  according  to  present  facts,  makes  it  in  the  highest  degree  improb- 
able that  the  symptoms  are  due  to  lead.  The  only  condition  in  which  there 
is  a  line  like  that  of  lead  is  silver  poisoning,  but  this  is  sufficiently  distin- 
guished by  the  tint  of  the  skin. 

*  Whether  lead  has  also  an  action  on  the  upper  segment  of  the  motor  path  (see  p.  130)  so 
as  to  cause  weakness  without  wasting  and  with  an  increase  in  myotatic  irritability,  we  do 
not  know.  The  facts  collected  by  Putnam  (p.  1263,  note),  suggest  that  it  may  be  so,  but  no 
distinct  sclerosis  of  the  pyramidal  tracts  has  yet  been  observed,  even  in  cases  of  long  dura- 
tion. It  is,  however,  probable,  from  analogy,  that  the  extremities  of  these  fibres  would  be  the 
first  to  suffer,  and  the  fibres  themselves  might  undergo  as  little  change  as  do  those  of  the  upper 
parts  of  the  peripheral  nerves.  It  is  evident  that  the  excess  of  myotatic  irritability  could 
only  be  revealed  where  permitted  by  the  integrity  of  the  lower  segment.  (Compare  remarks 
on  lateral  sclerosis  in  "  Progressive  Muscular  Atrophy,"  p.  365.) 
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The  presence  of  a  lead-line  cannot  be  taken  as  absolute  proof  that  the 
symptoms  are  due  to  lead.  The  line  may  last  long  after  the  poison  has 
ceased  to  be  active.  Iodide  of  potassium  removes  lead  from  its  organic 
combination  in  the  tissues,  but  has  no  action  on  the  deposit  of  sulphide  of 
lead  in  the  gums.  Indeed,  a  solution  of  iodide  of  potassium  is  absolutely 
incapable  of  dissolving  sulphide  of  lead,  even  if  the  two  are  boiled  together. 
The  lead-line  very  slowly  disappears  in  the  course  of  years,  but  I  have 
known  it  to  present  little  change  in  aspect  two  years  after  the  entrance  of 
lead  into  the  system  had  been  stopped,  although  the  patient  had  been  taking 
iodide  of  potassium  during  most  of  that  time.  Hence,  the  presence  of  a 
lead-line  does  not  necessarily  show  that  lead  is  active  in  the  system. 

Other  effects  of  lead  poisoning,  colic,  gout,  anaemia,  seldom  do  more  than 
corroborate  the  diagnosis,  although  in  the  absence  of  a  lead-line  owing  to 
the  intact  state  of  the  gums,  frequent  attacks  of  colic  are  of  some  signifi- 
cance, and  even  the  fact  that  gout  has  developed,  without  its  usual  causes, 
may  be  allowed  some  weight.  In  these  cases,  however,  the  diagnosis 
depends  on  the  discovery  of  a  source  of  lead  poisoning,  or  of  the  fact  of 
the  excretion  of  lead.  If  there  is  no  obvious  source  of  poisoning,  the  water 
and  its  receptacles  should  be  examined.  Most  cases  of  lead  poisoning  that 
are  not  due  to  occupation  are  due  to  the  contamination  of  water,  although 
the  other  occasional  sources  should  always  be  borne  in  mind.  The  exami- 
nation of  the  urine  is  the  last  resource  of  the  investigator ;  it  should  be 
analyzed  after  iodide  of  potassium  has  been  taken  for  a  week.  It  is  doubt- 
ful whether  the  presence  of  a  very  faint  trace  of  lead  is  of  significance.  On 
the  other  hand,  if  iodide  of  potassium  has  been  taken  for  several  weeks,  the 
absence  of  lead  probably  does  not  exclude  lead  poisoning.* 

It  is  on  the  above  points  that  the  differential  diagnosis  from  maladies  that 
resemble  those  produced  by  lead  chiefly  turns.  The  wrist-drop  has  been 
confounded  with  paralysis  of  the  musculo-spiral  nerve,  but  this  is  always 
unilateral  and  usually  comes  on  suddenly.  In  alcoholic  neuritis  the  palsy 
may  closely  resemble  that  from  lead,  but  the  diagnosis  is  not  usually  diffi- 
cult ;  the  other  signs  of  lead  poisoning  are  absent ;  pains  are  generally 
obtrusive ;  the  legs  suffer  earlier,  and  there  is  almost  always  a  clear  history 
of  alcoholic  excess.  Wrist-drop  may  be  produced,  also,  by  arsenical  poison- 
ing, and  apparently  also  by  silver  j  the  distinction  will  be  described  in  the 
account  of  the  effects  of  these  metals.  The  greatest  difficulty  is  presented 
by  some  cases  of  central  disease.  I  have  twice  known  progressive  muscular 
atrophy  (ultimately  extensive)  to  commence  by  a  subacute  palsy  of  the 
extensors  exactly  like  that  produced  by  lead.  If  the  gums  are  perfect,  an 
examination  of  the  drinking  water  or  urine  may  be  indispensable  for  the 
diagnosis.  The  cases  of  general  muscular  atrophy  of  saturnine  origin 
scarcely  ever  present  any  difficulty,  because  they  usually  supervene  on  lead 
poisoning  that  has  been  intense  and  characteristic. 

*  See  note  on  next  page.  On  the  danger  of  mistaking  bismuth  for  lead  in  the  urine,  see 
Putnam,  Bost.  Med.  and  Surg.  Journ.,  1883,  Oct.  14th,  p.  315. 
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Most  errors  in  diagnosis  occur  in  cases  in  which  the  nervous  symptoms 
are  anomalous  and'  slight,  and  are  not  such  as  to  suggest  their  cause.  In 
the  case  of  a  lady  with  saturnine  neuralgia,  the  cause  of  the  symptoms  might 
never  have  been  discovered  (for  the  perfect  gums  told  no  (ale)  had  not  her 
husband  suffered  from  wrist-drop.  A  gentleman  had  some  obscure  cerebral 
symptoms  with  inequality  of  pupil ;  a  fragment  of  lead-line  opposite  one 
tooth  suggested  lead  poisoning,  and  it  was  found  that  his  water  was  stored 
in  a  leaden  cistern.  It  is  not  possible  to  avoid  error  in  suc,h  cases  except  by 
the  habit  of  remembering  this  as  a  possible  cause  in  all  obscure  cases.  The 
severe  cerebral  disturbance  is  practically  confined  to  workers  in  lead,  and 
usually  results  from  a  dose  so  large  as  to  cause  characteristic  symptoms. 

Prognosis. — It  may  be  said,  generally,  that  the  more  acute  the  onset  of 
paralysis  the  better  is  the  prospect  of  complete  recovery.  The  acute  cere- 
bral symptoms  are  alone  attended  with  immediate  danger  to  life,  and  the 
prognosis  is  worse  when  there  are  convulsions,  and  especially  when  there  is 
coma,  than  in  simple  delirium.  Convulsions  are  of  graver  significance  when 
they  succeed  delirium  than  when  they  occur  first.  If  death  does  not  take 
place,  the  patient  usually  recovers  completely.  The  prognosis  in  the  chronic 
cerebral  symptoms  is  unfavorable  to  recovery  when  these  take  the  form  of 
pronounced  mental  derangement  or  of  epilepsy.  Of  the  paralytic  affections, 
those  with  the  wasting  and  the  degenerative  reaction  in  the  muscles,  of  which 
the  wrist-drop  is  the  type,  almost  always  ultimately  get  well,  but  their  course 
is  very  slow,  and  the  chief  prognostic  indications  have  been  mentioned  in 
the  account  of  the  course  of  the  disease.  In  relapses,  if  these  .are  due  to  a 
considerable  dose  of  lead,  the  prognosis  is  less  favorable,  although  two  or 
three  successive  attacks  may  be  recovered  from.  In  all  cases  the  ultimate 
prognosis  must  be  influenced  by  the  extent  to  which  the  patient  can  be 
withdrawn  from  the  deleterious  influence. 

Treatment. — The  first  step  is  to  arrest  the  ingress  of  lead  into  the  sys- 
tem, and  the  second  is  to  promote  the  elimination  of  the  lead  that  has  been 
already  taken  in.  The  chief  agent  for  securing  the  latter  is  iodide  of 
potassium,  given  in  doses  of  three  or  five  grains.  Although  iodide  of  lead 
is  an  insoluble  salt,  it  has  been  abundantly  demonstrated  that  the  adminis- 
tration of  iodide  of  potassium  increases  the  excretion  of  lead  by  the  urine, 
apparently  in  some  complex  combination  (Pouchet).  The  amount  of  lead 
in  the  urine  increases  for  a  few  weeks  and  then  gradually  subsides.*  The 
quantity  of  lead  excreted  is  much  less  than  might  be  expected,  but  this  may 
be  due  to  the  fact  that  the  liver,  not  the  kidney,  is  the  chief  channel  by  which 
it  passes  away.  When  there  are  acute  symptoms,  iodide  should  not  be  given 
at  once,  since  the  toxic  effects  may  be  increased  by  the  sudden  liberation  of 


*  Thus,  in  one  case  in  which  no  lead  could  be  found  in  the  urine  before  the  treatment,  five 
grains  of  iodide  were  given  four  times  daily,  and  on  the  first  day  five  milligrammes  of  lead 
were  found  in  the  urine,  on  the  fourth  twelve,  on  the  fourteenth  twenty-two,  and  then  the 
quantity  gradually  lessened,  and  after  two  weeks  more  only  traces  were  found.  (Swete, 
Brit.  Med.Journ.,  1882,  Nov.  25th,  p.  1034.) 
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lead  that  has  been  fixed  in  the  tissues  and  rapidly  passes  into  the  blood. 
Such  a  result  has  been  noted  by  many  observers.  By  saline  aperients  (espe- 
cially the  sulphates  of  soda  and  magnesia  with  some  free  sulphuric  acid)  the 
alimentary  canal  should  be  cleared  of  any  lead  it  may  contain,  or  which 
may  be  excreted  from  its  mucous  membrane.  If  colic  exists,  it  may  be 
necessary  to  give  first  a  full  dose  of  opium,  to  relax  the  spasm,  and  aperi- 
ents, inoperative  before,  may  be  at  once  effective.  The  bowels  sometimes 
act  spontaneously  after  a  few  hypodermic  injections  of  morphia.  Subcu- 
taneous injections  of  atropine  have  been  recommended  for  the  same  purpose. 
In  two  or  three  days  the  administration  of  the  iodide  may  be  commenced. 
Sulphur  baths  have  also  been  extensively  employed  to  promote  the  elimina- 
tion of  lead,  but  their  utility  is  doubtful.  Even  in  the  copious  diaphoresis 
produced  by  pilocarpine,  no  lead  passes  off  by  the  skin.  If  there  is  anaemia, 
iodide  of  iron  may  be  advantageously  combined  with  the  iodide  of 
potassium. 

For  the  local  paralysis,  strychine  has  been  given  internally.  Its  mode  of 
action  suggests  that  it  may  do  good,  although  its  actual  effect  is  difficult  to 
appraise.  There  is  no  evidence  that  its  local  injection  has  special  advan- 
tages. The  most  important  agent  in  the  treatment  of  the  paralysis  is  elec- 
tricity. The  nerves  have  lost  irritability,  but  the  muscles  still  respond  to 
the  voltaic  current,  slowly  interrupted,  which  certainly  keeps  up  their  irrita- 
bility, and  must  therefore  influence  the  nutrition  of  the  muscles  while  the 
nerves  are  recovering.  Thus  the  amount  of  muscular  change  is  lessened, 
and  the  ultimate  recovery  is  rendered  more  perfect.  In  a  severe  case,  if  the 
muscles  are  left  alone  for  a  few  months,  or  are  merely  treated  with  faradaism, 
there  may  be  only  the  feeblest  response  to  the  voltaic  current  but  (as  I  have 
seen)  this  increases  notably  after  two  or  three  applications,  and  the  paralysis, 
before  stationary,  may  in  a  fortnight  be  distinctly  less  and  the  improvement 
jnay  steadily  go  on  to  complete  recovery.  In  such  a  case  the  value  of 
electricity  scarcely  admits  of  question.  Only  the  voltaic  current,  to  which 
the  muscles  respond,  is  of  service.  Faradaism  should  only  be  used  if  it 
excites  contraction,  as,  for  instance,  in  the  primarily  atrophic  form.  But  in 
this  it  is  difficult  to  get  evidence  of  the  value  of  the  application.  Massage 
of  the  limbs  is  also  of  service. 


ARSENICAL  POISONING. 

Arsenical  poisoning  differs  from  lead  poisoning  in  being  seldom  the  result 
of  occupation.  It  has  generally  been  due,  in  some  way,  to  the  use  of  pig- 
ments containing  arsenic,  and  has  been  produced  through  the  agency  of 
paints,  wall  papers,  book  covers,  etc.  The  poison  differs  from  lead  in  being 
more  readily  diffused  through  the  air,  and  taken  in  by  the  lungs.  Some 
interesting  facts  regarding  these  accidental  causes  have  been  collected  by 
the  Medical  Society  of  London.*     Extensively  as  arsenic  is  used  in  medi- 

*Proc.  Med.  Soc.  Lon.,  1880. 
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cine,  toxic  effects  (beyond  a  little  conjunctivitis  and  gastric  irritation)  are 
almost  unknown  when  it  is  administered  in  ordinary  doses.  One  case, 
indeed,  is  on  record  in  which  severe  symptoms  were  produced  by  the 
medicinal  administration  of  arsenious  acid,*  and  another  in  which  they 
resulted  from  Fowler's  solution,  but  this  was  given  in  increasing  doses  up  to 
ifss  three  times  a  day.f  There  is,  however,  no  doubt  that  those  who  are 
taking  arsenic  often  suffer  from  herpes  zoster,  especially  on  the  trunk.  This 
was  first  pointed  out  by  Hutchinson,  and  I  have  seen  at  least  a  dozen 
instances  of  it. 

The  nervous  symptoms  produced  by  arsenic  resemble  very  closely  those 
that  are  caused  by  alcohol.J  They  are  of  two  classes  :  first,  a  palsy  of  the 
muscles  of  the  limbs,  especially  of  the  extensors  of  the  hands  and  feet ;  and 
secondly,  a  "pseudo-tabes" — ataxy,  with  defective  sensibility,  especially  in 
the  muscles.  These  symptoms  occur  as  a  result  of  chronic  poisoning  by 
small  doses,  or  as  an  after-effect  of  acute  poisoning,  and  they  may  also  be  a 
sequel  to  acute  symptoms  produced  by  the  cumulative  influence  of  small 
doses.  Thus  in  one  case  of  attempted  suicide  by  arsenious  acid,  the  acute 
symptoms  passed  away  and  a  little  time  after  their  cessation  the  nerve  symp- 
toms commenced.!  In  one  case  the  interval  after  the  cessation  of  the  acute, 
symptoms  was  a  fortnight,  in  another  three  weeks,||  in  another  four  weeks. ^[ 
In  one  of  Dana's  cases  J  the  ataxy  commenced  about  the  sixth  day  from  the 
acute  poisoning. 

The  paralysis  in  the  arms  has  the  same  distribution  as  that  produced  by 
lead  poisoning,  but  sensory  symptoms  are  much  more  pronounced.  There 
are  usually  severe  darting  pains  in  the  arms  and  legs,  and  diminution  of 
tactile  sensibility,  especially  on  the  back  of  the  forearm  and  front  of  the  leg. 
It  may  be  accompanied  by  some  increased  sensitiveness  to  pain.**  Atrophy 
of  the  muscles  occurs  very  rapidly.  The  electrical  irritability  presents  the 
same  degenerative  changes  as  in  other  toxic  palsies,  but  in  very  severe  cases 
the  voltaic  irritability  may  quickly  fall  below  the  normal ;  the  knee  jerk  is 
usually  lost.  Sometimes  other  muscles  are  involved,  those  of  the  upper  arm 
and  thigh  may  lose  power,  but  not  to  the  same  degree  as  those  of  the 
extremity. 

Arsenical  ataxy  seems  to  be  less  frequent  than  the  muscular  paralysis.  It 
was  present  in  one  of  the  cases  described  by  Seeligmiiller,  and  two  well-marked 
instances  are  described  by  Dana.  J  It  resembles  closely  the  incoordination 
of  tabes,  but  develops  in  a  much  more  acute  manner,  and  is  accompanied 
by  considerable  muscular  weakness.  Severe  pains  attend  the  onset,  and 
there  are  also  subjective  sensations,  •formication,  tingling,  etc.  The  sensi- 
bility of  the  muscles  is  lessened  or  lost,  and  so,  as  a  rule,  is  the  knee  jerk; 

*Da  Costa,  Phil.  Med.  Times,  1881,  pp.  381  and  614. 

f  Dana,  Brain,  vol.  ix,  p.  456.  J  See  p.  1288  and  p.  no. 

I  Gubler,  "Cours.  de  Therap.,"  1880,  p.  13. 

||  Gerhardt,  Virchovfs  Jahresb,  1882,  i,  396. 

<[  Seeligmuller,  Deut.  med.  Wochenschr.,  188 1,  p.  I. 

**  Mills,  Boston  Med.  and  Surg.  Journ.,  March  15th,  1883. 
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in  Seeligmiiller's  case  it  was  not  lost.  Cutaneous  sensibility  may  be  dimin- 
ished in  places,  or  may  be  preserved,  and  the  sensitiveness  to  pain  may  be 
greatly  increased.     In  one  of  Dana's  cases  there  was  optic  neuritis. 

This  condition  of  the  nerves  has  not  hitherto  been  examined  after  death, 
but  the  close  analogy  to  other  forms  of  toxic  paralysis  leaves  no  doubt  that 
the  symptoms  are  due  to  a  peripheral  neuritis.  The  probability  of  this  was 
urged  by  Jaeschke  in  1882. 

In  some  cases  there  have  been  other  indications  of  the  chronic  effects  of 
the  poison — cachexia,  falling  off  of  the  nails,  loss  of  hair,  and  sometimes 
skin  eruptions,  bullous  or  erythematous. 

The  distinction  from  lead  poisoning  rests  on  the  common  onset  after  acute 
symptoms,  on  the  more  pronounced  disturbance  of  sensibility,  and  on  the 
absence  of  other  indications  of  the  effect  of  lead  on  the  system.  The  absence 
of  a  history  of  intemperance  is  the  most  important  distinction  from  alcoholic 
palsy,  which  that  produced  by  arsenic  closely  resembles.  The  detection  of 
a  cause  of  arsenical  poisoning  is,  of  course,  of  great  importance  ;  it  is  not 
usually  difficult  if  the  observer  is  led  to  suspect  it  from  the  character  of  the 
symptoms.  In  a  doubtful  case  the  discovery  of  arsenic  in  the  urine  may 
decide  the  diagnosis. 

The  course  of  arsenical  palsy  is  similar  to  that  which  is  due  to  lead,  and 
the  treatment  necessary  is  essentially  the  same.  Iodide  of  potassium  appears 
to  have  a  similar  influence  in  removing  the  arsenic  from  the  system.* 

SILVER  POISONING;  ARGYRIA. 
Chronic  silver  poisoning  is  due  almost  exclusively  to  the  medicinal  use  of 
the  metal.  It  is  less  frequent  now  than  when  a  long  course  of  silver  was  the 
fashionable  treatment  for  epilepsy  and  spinal-cord  disease.  Most  cases  are 
due  to  internal  administration,  but  argyria  has  been  known  to  result  from 
application  to  the  palate  or  tongue,  continued  during  many  years.  Work- 
ing in  silver  involves  no  liability.  Of  the  cases  that  have  come  under  my  own 
notice,  two  were  epileptics  (in  whom  the  fits  continued  in  spite  of  the  influ- 
ence of  the  silver),  a  third  had  been  treated  with  silver  for  a  syphilitic 
gumma  pressing  on  the  spinal  cord,  and  a  fourth  had  taken  a  salt  of  silver 
in  a  "dinner  pill."  The  discoloration  of  the  skin  that  is  the  characteristic 
of  'argyria'  depends  on  a  deposit  of  silver  beneath  the  Malpighian  layer.f 
and  commences  when  about  an  ounce  of  salt  of  silver  has  been  taken,  in 
any  period  of  time.  It  is  accompanied  by  a  black  line  on  the  gums,  close 
to  the  tooth,  closely  resembling  the  lead-line.  This  appears  before  the 
darkening  of  the  skin,  and  is  therefore  important  as  a  warning.  Among 
other  internal  organs, J  silver  is  deposited§  in  the  kidneys — in  the  Malpighian 

*  A  full  bibliography  is  given  by  Dana,  loc.  cit. 

f  See  Neumann,  Wien.  Med.  Zeitung,  1878,  No.  10. 

%  The  distribution  and  precise  seat  in  the  internal  organs  was  carefully  investigated  in  one 
case  by  Weichselbaum,  AUg.  Wien.  Med.  Zeit.,  1878. 

\  It  is  said,  as  an  organic  compound  (Krysinski,  Gas.  kkarska,  1886,  and  Virchow 's  Jah- 
resb.,  ib.  I,  372). 
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bodies,  and  around  -the  tubules ;  albuminuria  has  been  observed  both  in 
animals  and  in  man.  In  these  two  points  the  effect  of  silver  resembles  that 
of  lead.  In  animals,  moreover,  paralysis  is  produced.  I  have  been  unable 
to  find  any  recorded  instance  of  paralysis  in  man,  but  one  remarkable  case 
has  come  under  my  own  observation,  which  shows  that  the  effect  of  silver 
may  be  almost  the  same  as  that  of  lead.  The  case  was  that  of  a  gentleman, 
aged  forty-four,  who  had  been  ordered,  twelve  years  before,  a  "  dinner  pill," 
without  any  caution  or  other  direction  than  that  one  pill  was  to  be  taken 
three  times  a  day.  He  did  not  follow  the  directions  literally,  but  took 
sometimes  one,  sometimes  three,  a  day,  for  a  few  days  at  a  time.  He  esti- 
mated that  he  had  taken  about  six  pills  a  month  during  the  twelve  years. 
After  he  had  taken  the  pills  for  about  eleven  years  a  dusky  tint  of  the  face 
attracted  notice,  but  its  nature  was  not  suspected  until  the  tint  had  become 
well  marked,  when  it  was  found  that  the  pills  contained  silver  (the  exact 
form  could  not  be  ascertained.)  Two  months  before  I  saw  him  the  extensors 
of  the  right  hand  became  weak ;  shortly  afterward  those  of  the  left.  When 
he  came  under  observation  the  tint  of  the  skin  was  very  characteristic  ;  his 
gums  presented  a  well-marked  black  line,  which  resembled  that  of  lead  in 
being  present  where  there  was  tartar,  and  absent  where  the  gum  was  in  per- 
fect apposition  to  the  teeth.  In  both  arms  there  was  paralysis  of  the  long 
extensor  of  the  fingers  and  of  the  extensors  of  the  phalanges  of  the  thumb, 
not  of  the  extensor  of  the  metacarpal  bone  of  the  thumb.  On  the  right  side 
there  was  also  paralysis  of  the  radial  extensors  of  the  wrist.  The  affected 
muscles  were  wasted,  and  their  irritability  to  faradaism  was  lost ;  that  to 
voltaism  was  preserved  and  increased.  There  was  no  affection  of  the  legs. 
The  urine  contained  some  albumen  and  casts,  and  the  patient  had  had  sev- 
eral attacks  of  gout.  During  three  months  in  which  he  remained  under 
treatment  (electricity,  iodide  of  potassium,  etc.)  there  was  slight  improve- 
ment in  the  arms,  but  no  considerable  change.  He  soon  afterward  showed 
symptoms  of  cancer  of  the  liver,  of  which  he  subsequently  died,  but  no  post- 
mortem examination  was  obtained. 


MERCURIAL  POISONING:  HYDRARGYRIA. 

Chronic  poisoning  by  mercury  causes  symptoms  of  which  some  are  due  to 
an  action  of  the  poison  on  the  nervous  system.  These  symptoms  rarely  fol- 
low the  medicinal  use  of  mercury,  but  occur  chiefly  in  those  who  work  in 
the  metal.  Mercury  will  volatilize  at  all  ordinary  temperatures,  and  it  is 
probable  that  it  enters  the  system  mainly  through  the  lungs,  but  it  may  some- 
times pass  in  through  the  skin  when  certain  forms  of  mercury  are  much 
handled,  and  want  of  cleanliness  may  increase  the  amount  of  mercury 
that  gets  into  the  system,  by  causing  contamination  of  the  food.  Sufferers 
are  met  with  especially  among  those  who  work  in  quicksilver  mines,  at 
silvering  mirrors,  and  making  barometers  and  thermometers,  and  also  occa- 
sionally among  bronzers,  furriers  and  hat  makers — mercurial  salts  being  used 
for  preparing  the  skins.     The  weakly  suffer  more  readily  than  the  strong, 


1276  MERCURIAL   POISONING. 

and  the  individual  differences  in  susceptibility  are  very  great.     The  symp- 
toms sometimes  develop  after  the  exposure  to  the  cause  has  ceased. 

The  nervous  symptoms  may  exist  alone,  but  sometimes  they  are  preceded 
by  others  outside  the  nervous  system  that  resemble  those  of  acute  mercurial 
poisoning.  These  are  stomatitis  and  ulceration  of  the  mucous  membrane  of 
the  mouth,  with  extreme  fetor,  necrosis  of  bone,  gastric  and  intestinal 
catarrh.  The  remarkable  removal  of  lime  from  the  bones  and  its  deposit 
in  the  kidneys,  discovered  as  a  consequence  of  acute  mercurial  poisoning  by 
PreVost  and  Fruchtiger,  does  not  seem  to  attend  the  chronic  form,  in  which 
the  kidneys  do  not  suffer. 

A  peculiar  tremor,  known  among  workmen  as  "  the  trembles,"  and  medi- 
cally as  "mercurial  tremor,"  is  the  most  common  and  characteristic  symp- 
tom. It  is  at  first  occasional,  occurring  only  when  the  patient  is  excited, 
and  it  is  always  increased  by  emotion.  It  usually  begins  in  the  face  and 
tongue  and  then  invades  the  arms,  and  afterward  the  legs.  At  first  the 
tremor  occurs  only  on  movement,  but  ultimately  it  may  become  constant. 
In  the  former  case  the  condition  of  the  patient  resembles  that  of  one  suffer- 
ing from  disseminated  sclerosis;  except  that  the  tremor  is  less  wide  and  less 
irregular  than  in  characteristic  cases  of  the  latter  disease.  When  constant 
the  tremor  resembles  that  of  paralysis  agitans.  During  sleep,  the  tremor 
usually  ceases,  but  in  extreme  cases  may  only  lessen.  It  interferes  much 
with  articulation,  rendering  the  speech  stammering  and  hesitating.  When 
considerable  it  may  render  the  movement  of  the  arms  so  unsteady  that  the 
patient  cannot  feed  himself,  and  his  gait  becomes  affected.  At  first  the 
limbs  are  strongj  but  after  a  time  muscular  power  is  impaired,  sometimes 
more  in  one  limb  than  in  another,  but  it  rarely  progresses  to  complete  loss. 
Reflex  action  and  power  over  the  sphincters  are  always  unimpaired,  and 
electric  irritability  of  the  muscles  is  normal  throughout. 

Psychical  symptoms  are  also  common,  and  may  precede  the  tremor. 
They  have  been  very  carefully  studied  by  Kussmaul.  Irritability  and  a  diffi- 
culty in  giving  attention  to  a  subject,  are  often  the  first  symptom,  and  may 
be  accompanied  by  considerable  mental  distress  and  sleeplessness.  Hallu- 
cinations sometimes  occur,  and  there  may  even  be  outbreaks  of  maniacal 
excitement,  but  the  insanity  rarely  corresponds  to  any  distinct  variety.  This 
condition  has  been  termed  "mercurial  erythism."  It  is  sometimes  accom- 
panied by  headache  and  palpitation  of  the  heart. 

Sensory  symptoms  are  present  in  many  cases ;  pains,  especially  in  the 
region  of  the  fifth  nerve  and  in  the  joints ;  formication  in  the  limbs,  and 
even  local  loss  of  sensibility  to  pain  ;  paroxysms  of  distressing  sensations  in 
the  thorax,  resembling  those  of  asthma.  The  sensory  disturbance  always 
augments  the  mental  instability.  In  rare  cases  more  grave  cerebral  symp- 
toms occur — considerable  hemiplegic  weakness,  aphasia  and  deafness. 

Even  when  the  tremor  is  extreme,  no  alterations  have  been  discovered  in 
either  brain  or  cord,  even  with  the  aid  of  the  microscope.  The  character 
of  the  symptoms  makes  it  probable  that  they  are  due  to  disturbance  of  the 
brain  rather  than  of  the  spinal  cord. 
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The  diagnosis  is  rarely  difficult.  From  paralysis  agitans  the  tremor  is  dis- 
tinguished by  its  immediate  increase  on  movement,  and  by  the  absence  of 
the  rigidity  of  the  limbs  and  fixation  of  the  features.  In  disseminated 
sclerosis  there  is  never  the  peculiar  tremulous  stammering  that  is  met  with  in 
mercurial  poisoning,  and  the  movements  are  wider  in  range  and  wilder  in 
their  irregularity.  The  symptoms  often  resemble  those  of  general  paialysis 
of  the  insane  more  than  any  other  disease,  but  such  preponderant  tremor  is 
rarely  met  with  in  general  paralysis,  and  the  inequality  of  pupil,  optimism 
and  indications  of  spinal  degeneration,  present  in  the  latter,  are  absent  in 
mercurial  poisoning.  The  presence  of  stomatitis  should  always  direct 
attention  to  the  probable  nature  of  the  disease,  and  when  this  is  once 
suspected,  the  nature  of  the  patient's  occupation  is  usually  decisive.  The 
greatest  diagnostic  difficulty  is  presented  by  some  cases  of  lead  poisoning 
in  which  tremor  is  the  chief  symptom.  These  are  distinguished  by  the 
presence  of  the  lead-line  in  the  gums,  and  if  there  is  a  suspicion  that  the 
patient  is  suffering  from  both  poisons,  the  question  can  readily  be  set  at 
rest  by  an  investigation  into  the  materials  with  which  he  works.  If  these 
are  free  from  mercury,  the  symptoms  are  certainly  due  to  lead  only. 

The  prognosis  is,  in  most  cases,  favorable  as  to  the  ultimate  issue,  but  all 
cases  are  prolonged,  and  in  some  the  tremor  never  passes  away.  For  recov- 
ery, it  is  essential  for  the  patient  to  cease  to  work  in  mercury.  No  precautions 
avail  to  prevent  sufficient  absorption  to  maintain  symptoms  that  have  once 
developed.  Nutritious  food,  fresh  air  and  iron,  are  important  aids  to 
recovery.  To  promote  the  elimination  of  the  mercury,  iodide  of  potassium 
may  be  given,  but  in  small  doses — two  or  three  grains  very  gradually 
increased.  There  seems  no  doubt  that  it  does  facilitate  elimination,  and 
the  sudden  administration  of  large  doses  has  been  followed  by  a  consider- 
able increase  in  the  symptoms  ;  apparently  mercury  released  from  the  tis- 
sues passes  into  the  blood  and  to  the  nervous  system.  Neither  sweating  nor 
sulphur  baths  seem  to  cause  an  elimination  from  the  skin,  although  it  is  said 
that  the  latter  have  been  found  in  some  way  to  increase  the  amount  excreted 
by  the  kidneys.     The  stomatitis  is  relieved  best  by  chlorate  of  potash. 


ALCOHOLISM. 
The  nervous  system  is  especially  sensitive  to  the  influence  of  alcohol,  and 
suffers  in  many  cases,  more  than  other  tissues,  from  the  effects  of  habitual 
alcoholic  excess.  The  acute  poisoning  by  alcohol  to  which,  par  excellence, 
the  term  "  intoxication  "  is  applied,  is  chiefly  of  physiological  and  toxico- 
logical  interest.  Only  the  morbid  states  that  are  distinct  from  definite 
intoxication  come  into  the  province  of  medicine.  These  are  exceedingly 
numerous ;  many  of  the  organic  and  functional  diseases  already  described 
may  be  produced,  or  predisposed  to,  by  intemperance ;  some  other  derange- 
ments are  due  chiefly  to  this  cause,  and  are  seldom  or  never  produced  by 
any  other.     To  these  the  term  "  alcoholism  "  is  sometimes  applied.     These 
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disorders  and  symptoms  may  be  acute,  subacute  or  chronic.  The  acute  dis- 
turbance generally  takes  the  form  of  an  attack  of  delirium,  called,  from  the 
tremor  that  accompanies  it,  "delirium  tremens."*  The  chronic  derange- 
ments are  exceedingly  varied. 

All  forms  of  alcoholism  have  certain  common  causes.  The  tendency  to 
drink  may  run  in  families  in  its  pure  form,  or  it  may  be  distinctly  related  to 
a  family  disposition  to  suffer  from  definite  diseases  of  the  nervous  system, 
especially  from  insanity.  It  is  probably  facilitated  by  peculiarities  of  ner- 
vous constitution,  in  consequence  of  which  the  sensations  of  intoxication 
are  more  pleasurable  in  some  persons  than  in  others.  Parental  intemper- 
ance, moreover,  often  involves  facilities  for  habitual  excess.  Occupation  is 
notoriously  influential,  partly  on  account  of  the  facilities  for  drinking 
afforded  to  those  who  are  engaged  in  the  distribution  or  sale  of  alcoholic 
liquors,  partly  on  account  of  the  social  temptations  to  drink  involved  in 
other  callings.  The  temporary  relief  to  physical  and  mental  depression 
afforded  by  alcohol  is  another  potent  cause  of  intemperance. 

ACUTE  ALCOHOLISM,  ALCOHOLIC  DELIRIUM,  DELIRIUM  TREMENS. 

Alcoholic  delirium  occurs  under  two  forms  ;  as  a  primary  affection,  and  in 
association  with  some  local  inflammation  or  injury.  The  latter  may  be 
termed  "associated  delirium;"  it  has  a  double  causation,  the  influence  of 
alcohol,  and  the  influence  of  the  local  disease.  The  latter  may  be  sufficient, 
by  itself,  to  cause  some  delirium,  although  far  less  in  degree,  and  without 
the  peculiar  characteristics  of  the  alcoholic  form  ;  or  it  may  be  wholly  insuf- 
ficient to  derange  the  mind.  The  simple  primary  delirium  varies  much  in 
the  intensity  of  its  symptoms ;  it  has  been  divided  into  two  classes  accord- 
ing to  the  presence  or  absence  of  considerable  fever,  but  the  difference 
depends  only  on  the  degree  of  severity,  and  there  is  no  real  justification  for 
the  division. 

Causes. — Delirium  tremens  is  almost  confined  to  drunkards,  in  the  popu- 
lar sense  of  the  word  .In  this  respect  it  differs  from  the  "  associated  deliri- 
um," which  is  not  uncommon  among  those  who  have  habitually  taken  an 
excessive  quantity  of  alcohol  to  keep  up  their  energy  against  the  depressing 
influence  of  debility  or  the  prostration  of  some  chronic  disease.  Thus  a 
man  who  had  never  been  known  to  be  intoxicated  and  was  believed  to  be 
temperate,  died  with  symptoms  of  acute  delirium  tremens,  but  it  was  found 
that  his  lungs  were  extensively  diseased,  and  that  he  had  been  keeping  up  his 
working  power  by  large  doses  of  alcohol  during  the  acute  development  of 
the  pulmonary  disease. 

Delirium  tremens  is  far  more  common  in  men  than  in  women,  the  propor- 
tion being  about  six  to  one.f    There  are  no  facts  to  show  whether  there  is 

*  By  Thomas  Sutton  ("  On  Delirium  Tremens,"  a  tract  published  in  1813). 

f  During  the  twenty-five  years  ending  1872,  there  died  from  this  cause  in  England  and 
Wales  10,448  males  and  1398  females.  It  is  probable  that  this  disease  is  one  on  which 
the  Registrar-General's  returns  are  fairly  accurate,  since  this  cause  of  death  is  unlikely  to 
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any  sexual  tendency  to  the  disease,  such  as  certainly  exists  in  the  case  of 
another  effect  of  alcohol,  multiple  neuritis,  to  which  women  possess  a  special 
liability.  As  far  as  the  figures  given  below  suggest  any  conclusion,  it  is  that 
drinkers  in  the  two  sexes  are  equally  prone  to  suffer  from  delirium  tremens. 
The  disease  is  most  frequent  in  the  middle  period  of  life  ;  and  in  both  sexes 
the  maximum  mortality  is  at  the  same  age ;  in  each  one-third  of  the  total 
number  of  deaths  occur  between  thirty-five  and  forty-five  years  of  age,  and 
about  five-sixths  of  the  deaths  occur  during  the  thirty  years — twenty-five  to 
fifty-five.  It  rapidly  lessens  in  later  life,  no  doubt  because  the  worst  drink- 
ers acquire  the  habit  early,  and  die  off  from  some  effect  of  intemperance, 
but  cases  of  delirium  tremens  occur  even  up  to  advanced  senility.*  More- 
over, females  bear  a  proportion  to  males  that  steadily  increases  as  life  goes 
on,  no  doubt  because  drinking  habits  are  acquired  relatively  later,  under  the 
influence  of  individual  causes  rather  than  of  the  influences  of  occupation  or 
social  life.f  It  is  doubtful  whether  an  hereditary  tendency  to  insanity  influ- 
ences the  occurrence  of  this  disease,  although  such  a  tendency  unquestion- 
ably modifies  its  course,  and  Magnian  has  observed  that  this  influence  some- 
times determines  the  occurrence  of  relapses  in  which  the  physical  disturb- 
ance is  slight  in  proportion  to  the  amount  of  mental  derangement.  The 
disease  is  less  frequent  in  beer  drinkers  than  in  those  who  drink  wine,  and 
most  frequent  in  spirit  drinkers,  but  it  is  probable  that  the  amount  of  alco- 
hol taken  has  much  greater  influence  than  its  form. 

In  most  cases  the  malady  follows  a  severe  "bout"  of  drinking,  often 
without  any  interval.  Occasionally,  there  has  been  a  cessation  of  drinking  for 
a  few  days  before  the  onset  of  the  delirium.  These  cases  have  led  to  the  idea 
that  the  discontinuance  of  the  stimulant  has  been  the  cause  of  the  attack, 
but  it  is  more  probable,  as  Anstie  and  others  have  suggested,  that  a  sudden  dis- 
taste for  liquor  was  really  the  first  effect  of  the  commencing  attack.  The 
onset  occasionally  follows  some  slight  injury  or  trifling  illness,  which  appar- 
ently disturbs  the  nervous  system,  and  serves  to  excite  the  disturbance  that 
is  ready  to  break  out.  Such  cases  present  a  gradation  to  the  "associated 
delirium  tremens,"  in  which  there  is  some  real  cause  of  general  indisposi- 
tion, a  severe  accident  or  a  local  inflammation,  such  as  pneumonia.  The 
pyrexia   resulting   might  or  might  not  be  attended  with  delirium  in  the 

be  given  unless  there  is  a  history  of  intemperance.  The  figures  give  the  proportion  of 
deaths  as  "]lA  males  to  I  female.  But  the  disease  is  not  only  more  common,  it  is  also 
more  often  severe,  and  therefore  it  is  more  often  fatal,  in  males.  Hence  the  dispropor- 
tion between  the  sexes  is  probably  rather  less  in  cases  than  in  deaths.  Of  54  consecu- 
tive cases  in  University  College  Hospital,  8  were  in  females,  giving  the  proportion  of  6 
to  I,  which  is  probably  very  near  the  truth. 

*  If  moreover,  from  the  number  of  deaths,  the  number  per  100,000  living  is  ascertained, 
the  cases  in  advanced  life  are  seen  to  be  proportionally  more  numerous  than  the  actual  num- 
ber of  deaths  suggest. 

+  The  proportion  of  deaths  of  males  to  each  female  is  about  12^  in  the  ten  years  15- 
25,  and  steadily  falls,  the  proportion  in  each  successive  decade  being  10-1,  T%-\,  7K-I> 
6-1,  4X-1,  and  only  3-1,  in  those  over  75. 
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healthy ;  in  the  alcoholic  the  delirium  is  severe,  and  presents  the  same  char- 
acteristics as  in  the  pure  foTm  of  delirium  tremens. 

Symptoms.— The  symptoms  of  delirium  tremens  usually  develop  gradually 
but  rapidly,  attaining  considerable  intensity  in  the  course  of  two  or  three 
days.  Disturbed  sleep,  loss  of  appetite,  and  restless  irritability,  are  com- 
monly the  first  indications  of  the  impending  disorder.  Distressing  or  hor- 
rible dreams  of  peculiar  vividness  attend  sleep,  and  the  patient  cannot  shake 
off  their  effect  when  he  wakes.  He  is  depressed,  uneasy,  restless  during  the 
day,  often  annoyed  with  floating  specks,  or  flashes  of  light  before  his  eyes, 
and  the  next  night  brings  the  same  distressing  dreams.  As  soon  as  he  closes 
his  eyes,  unpleasant  scenes  present  themselves  before  him,  and  he  tosses 
about  all  night,  half  awake,  or  perhaps  is  unable  to  obtain  any  real  sleep. 
Next  day,  from  time  to  time,  more  definite  hallucinations  of  sight  or  hearing 
occur ;  the  patient  can  shake  them  off  and  knows  that  they  are  unreal,  but 
they  return  again  and  again.  When  night  comes  they  take  possession  of 
him,  prevent  all  sleep,  and  in  the  morning  they  are  no  longer  to  be  shaken 
off.  This  insomnia,  first  partial  and  then  absolute,  with  the  distressing  hal- 
lucinations which  disturb  the  imperfect  sleep  that  is  obtained,  characterize 
the  early  period  of  the  disease.  The  transition  to  more  considerable  disturb- 
ance is  usually  attended  with  unnatural  loquacity,  and  by  indications  of  sus- 
picion and  uneasiness.  The  period  of  definite  delirium  begins  with  the  persist- 
ence of  the  hallucinations  during  the  day.  They  are  chiefly  visual  and  almost 
always  unpleasant.  At  first  the  objects  that  the  patient  actually  sees  are 
transformed  into  other  things  than  they  really  are,  often  into  living  crea- 
tures in  active  motion  ;  the  pattern  of  the  wall  paper  becomes  beetles, 
spiders,  snakes;  and  then  these  appear  spontaneously,  and  are  crawling  about 
the  bedclothes ;  the  sufferer  tries  to  brush  them  away  or  to  escape  from  them. 
At  first  he  can  be  recalled  from  his  aberration  for  a  few  moments,  and  will 
answer  questions  correctly,  but  soon  relapses  into  delirium.  Faces  appear 
before  him,  grinning  at  him,  or  he  fancies  that  persons  are  standing  by  his 
bedside,  upbraiding  or  abusing  him.  The  attendants  are  thought  to  be  the 
subjects  of  his  delusions,  and  he  may  strike  at  them  under  the  impression 
that  they  are  attempting  to  injure  him.  Often,  the  modified  incidents  of  his 
daily  life  seem  to  occur  before  his  eyes.  He  usually  talks  incessantly,  but 
wanders  incoherently  from  one  subject  to  another  in  the  course  of  the  same 
sentence.  Auditory  hallucinations  may  become  grafted  on  those  of  vision ; 
the  patient  thinks  he  hears  reproaches  or  insults  from  the  fancied  bystanders. 
Less  commonly,  an  unpleasant  smell  or  a  disagreeable  taste  annoys  him. 
The  delusions  often  excite  intense  emotions  of  horror  or  dread.  A  charac- 
teristic of  the  delirium  is  the  versatility  of  the  false  ideas  ;  they  change  con- 
tinually. Gradually,  he  ceases  to  be  able  to  shake  them  off,  even  for  a 
moment,  and  no  longer  recognizes  his  friends  or  doctor. 

The  characteristic  tremor  is  usually  present  from  the  first.  It  occurs  only 
on  movement,  and  is  irregular,  and  considerable  in  range  ;  it  is  most  con- 
spicuous in  the  arms,  the  face,  and  tongue,  but  is  to  be  seen  also  in  the  legs 
when  these  are  put  into  voluntary  movement,   especially  if   the  patient 
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attempts  to  stand.  It  is  the  more  conspicuous,  because  the  patient  is  usually 
in  constant  movement,  picking  at  the  bedclothes,  searching  for  imaginary 
objects,  attempting  to  get  out  of  bed.  This  extreme  restlessness  is  seldom 
absent.  Often,  in  addition  to  the  tremor  on  movement  there  are  sponta- 
neous, slight,  partial  muscular  twitchings,  and  in  severe  cases  these  may 
amount  to  considerable  shock-like  contractions,  and  may  occur  in  the 
muscles  of  the  trunk  as  well  as  in  the  limbs. 

The  countenance  of  the  patient  is  often  flushed,  and  the  conjunctiva 
injected,  but  occasionally  the  face  is  pale,  and  sometimes  initial  flushing  is 
replaced  by  pallor  as  the  stage  of  depression  comes  on.  The  pulse  is  fre- 
quent and  soft ;  the  frequency  is  proportioned  to  the  severity  of  the  attack 
and  to  its  duration.  At  first  the  pulse  is  full  and  large,  but  as  the  disease 
goes  on,  it  usually  becomes  smaller  as  it  gets  more  frequent.  In  severe 
attacks  the  frequency  may  be  140  or  150,  sometimes  even  more,  and  it  is 
then  always  feeble.  The  patient  usually  perspires  freely.  The  temperature 
is  raised  in  all  except  the  slightest  cases.  When  the  attack  is  of  moderate 
severity  the  elevation  is  slight,  and  does  not  exceed  two  or  three  degrees,  but 
in  severe  attacks  it  may  attain  1030,  104°,  or  even  105".  Occasionally  hyper- 
pyrexia is  attained,  1080  or  1090,  a  symptom  of  fatal  significance.  The 
tongue  is  thickly  coated,  and  there  is  usually  complete  anorexia ;  the  patient 
may  or  may  not  be  thirsty  ;  thirst  is  often  a  consequence  of  the  copious 
perspiration.  The  urine  is  scanty  if  there  is  much  sweating,  and  is  usually 
deep  colored,  of  a  high  specific  gravity,  and  very  often  contains  a  small 
quantity  of  albumen  apart  from  organic  kidney  disease.  There  is  occasion- 
ally slight  blurring  of  the  edges  of  the  optic  disc,  with,  according  to 
Uhthoff,  some  opacity  of  the  retina.* 

This  state  usually  continues  for  two,  three  or  four  days  without  interrup- 
tion. The  patient  gets  no  sleep,  or  only  dozes  for  an  hour  or  so  at  a  time, 
and  wakes  up  unrefreshed.  The  pulse  becomes  softer  and  more  frequent, 
and  the  muscular  strength  becomes  lessened  by  the  constant  exertion.  In 
favorable  cases  the  patient  at  last  falls  into  a  sound  sleep,  which  continues 
for  eight,  ten,  or  twelve  hours,  and  he  wakes  up  free  from  all  mental  dis- 
turbance, or  with  only  a  trifling  amount  of  delirium,  which  another  sleep 
entirely  removes.  The  tremor  lessens,  but  often  continues  in  slight  degree, 
sometimes  for  some  days  or  weeks.  The  pulse  falls  in  frequency  and 
improves  in  strength  after  the  cessation  of  the  delirium,  and  in  the  course 
of  a  few  days  the  slight  tremor  and  muscular  weakness  are  the  only  relics  of 
the  attack  through  which  the  patient  has  passed.  In  other  cases,  however, 
sleep,  when  it  does  come,  is  briefer,  and  is  not  followed  by  the  same  signs 
of  improvement ;  the  delirium  continues,  but  is  less  active  than  before,  and 
the  signs  of  general  prostration  are  greater.  In  such  cases  there  is  consid- 
erable danger  to  life.  A  second  or  third  period  of  sleep  may  bring  improve- 
ment, and  slow  convalescence  may  ensue  at  the  end  of  six  or  seven  days, 
but  in  other  cases  the  prostration  increases,  the  pulse  becomes  still  feebler 


*  Uhthoff,  quoted  by  Moeli,  Chariti  Annalen,  ix,  p.  524. 
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and  more  frequent,  and  a  comatose  state  comes  on,  in  which  the  patient 
dies.  This  unfavorable  condition  is  sometimes  reached  without  any  sleep 
having  occurred,  in  spite,  it  may  be,  of  strong  narcotics.  Convulsions  or 
hyperpyrexia  may  attend  the  increased  prostration  of  the  later  stage,  and 
are  generally  a  fatal  omen.  Convulsions  may  also  occur  at  the  onset,  and 
are  not  then  of  much  significance  ;  at  the  later  period  of  an  attack,  by  the 
disturbance  of  the  nervous  system  which  they  reveal,  as  well  as  by  their 
effect  on  the  patient,  they  add  greatly  to  his  peril.  The  convulsions 
resemble  those  of  ordinary  epilepsy. 

Cotnpli cations. — The  most  important  of  these  are  other  diseases  due  to 
alcohol,  or  local  acute  inflammations,  especially  pneumonia.  Cirrhosis  and 
fatty  degeneration  of  the  liver,  and  disease  of  the  kidney,  are  especially 
serious  complications.  Uraemic  coma  occasionally  comes  on  in  the  course 
of  delirium  tremens.  Pneumonia  may  be  a  subordinate  complication  of  the 
disease,  developing  after  the  onset  of  the  toxic  disorder,  when  the  patient  is 
prostrate.  Its  development  is  often  insidious,  and  may  be  unaccompanied 
by  pain  or  cough,  while  the  effect  on  the  breathing  may  be  masked  by  the 
restlessness  of  the  patient.  Hence,  examination  of  the  chest  is  of  extreme 
importance  in  every  case.  On  the  other  hand,  pneumonia  may  be  the 
primary  affection,  and  the  toxic  delirium  is  then  to  be  regarded  as  a  compli- 
cation of  the  pneumonia  and  an  instance  of  "associated  delirium  tremens." 
A  rare  complication  is  meningeal  hemorrhage,  which  has  been  met  with  in  a 
few  cases. 

Course  and  Sequela. — Delirium  tremens  lasts  from  three  to  seven  days, 
and  commonly  terminates  in  recovery.  Death  occurs  chiefly  in  those  who 
have  had  several  previous  attacks,  or  whose  tissues  are  gravely  damaged, 
either  by  the  influence  of  long-continued  intemperance  or  by  senile  degen- 
eration. Its  common  causes  are  exhaustion  and  gradual  failure  of  the  heart's 
action.  Sometimes  death  occurs  suddenly,  from  unexpected  syncope.  Death 
may  also  result  from  associated  acute  diseases,  especially  from  pneumonia. 
The  mortality  has  been  variously  stated;  v.  Franque's  estimate  of  18  per 
cent,  is  probably  near  the  truth.* 

Most  patients  who  recover  do  so  perfectly.  Sometimes,  however,  the 
mental  state  continues  abnormal.  The  sleep  that  brings  physical  quietude 
may  only  partially  restore  the  mental  balance.  The  distressing  hallucina- 
tions cease,  but  some  more  stable  delusion  remains,  and  may  last  for  weeks 
or  months.  If  the  patient  has  had  a  previous  attack  with  this  sequel,  the 
duration  of  the  mental  change  is  longer,  and  the  state  may  even  be  perma- 
nent. In  that  event  there  is  usually  progressive  failure  of  memory  and  of 
mental  power,  so  that  the  patient  passes  into  a  condition  of  chronic  insanity 
or  of  chronic  dementia.  This  persistence  of  mental  change  is  met  with 
chiefly  in  those  who  inherit  a  tendency  to  insanity,  and  the  stronger  this  is, 
the  greater  is  the  tendency  to  this  sequel,  and  the  more  readily  does  it  occur. 


*  This  estimate  was  calculated  from  21 17  cases  (v.  Franque, "  Ueber  Delirium  Tremens," 

Munich,  1859). 
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Pathology. — In  a  case  of  pure  alcoholic  delirium,  the  pathological  changes 
are  slight,  and  consist  only  in  signs  of  congestion  of  the  cortex  of  the  brain 
and  sometimes  of  other  parts,  especially  of  the  medulla  and  spinal  cord. 
There  is  often  some  opacity  of  the  arachnoid,  but  it  is  probable  that  this  is 
a  chronic  change,  the  result  of  long  previous  intemperance.  Signs  of  actual 
acute  meningitis  are  rare,  but  have  been  occasionally  found  in  both  the  pia- 
arachnoid  and  the  dura  mater.  Congestion  of  the  bases  of  the  lungs  is 
common,  and  sometimes  there  are  signs  of  congestion  in  the  kidneys,  but 
the  alterations  met  with  outside  the  nervous  system  are  chiefly  the  chronic 
changes  that  result  from  intemperance. 

Alcohol  may  be  found  by  chemical  analysis  in  various  organs  of  the  body 
up  to  the  fifth  day  after  its  ingestion ;  by  the  seventh  day  it  has  disappeared. 
But  the  presence  of  alcohol  may  be  demonstrated  ;  in  like  manner,  in  per- 
sons who  have  been  drinking,  but  have  not  suffered  from  delirium  tremens. 
We  cannot,  therefore,  regard  it  as  affording  a  full  explanation  of  the  dis- 
ease. This  evidently  depends  on  an  acute  disturbance  of  the  nerve  centres, 
probably  involving  all  parts  of  them,  but  especially  the  cerebral  cortex — a 
disturbance  of  function  that  runs  a  definite  course  and  has  a  tendency  to 
subside.  This  statement,  however,  still  leaves  the  actual  pathology  of 
delirium  tremens  a  mystery. 

Diagnosis. — The  disease  is  easily  recognized.  The  preponderance  of 
visual  hallucinations,  and  the  associated  tremor,  distinguish  it  from  acute 
mania  on  the  one  hand  and  from  symptomatic  delirium  on  the  other,  while 
the  absence  of  headache  and  of  paralysis  is  a  distinction  from  ordinary  acute 
meningitis.  Cases  of  general  paralysis  of  the  insane,  in  which  muscular 
tremor  is  conspicuous,  have  been  mistaken  for  delirium  tremens ;  but  if  there 
is  much  mental  alteration,  its  character  is  altogether  different  in  the  two  dis- 
eases; the  exaggerated  delusions  of  general  paralysis,  and  the  mental  com- 
placency that  commonly  attends  them,  are  very  different  from  the  anxiety 
and  horror  of  the  alcoholic.  When  depression  occurs  in  general  paralysis, 
the  mental  state  has  generally  developed  gradually,  in  a  manner  very  unlike 
the  acute  onset  of  delirium  tremens. 

Prognosis. — The  prognosis  is  good  in  first  attacks,  free  from  complica- 
tions, and  in  those  whose  tissues  are  not  seriously  damaged.  The  pulse  and 
temperature  afford  the  most  important  prognostic  indications.  The  danger 
is  great  in  proportion  to  the  frequency,  softness,  and  small  size  of  the  pulse, 
and,  as  Anstie  has  shown,  the  sphygmographic  tracing  presents  very  clearly 
the  serious  characters,  although  the  instrument  is  not  actually  needed  to 
detect  them.  As  a  rule,  the  occurrence  of  sound  sleep  for  six  or  eight  hours 
greatly  improves  the  prognosis,  but  if  an  exceedingly  unfavorable  pulse  pre- 
sents no  improvement  after  sleep,  the  danger  is  great,  the  patient  is  very 
likely  to  die  in  a  few  hours.  A  temperature  above  1030  is  always  of  serious 
import,  and  the  danger  is  greater  in  proportion  to  the  degree  of  pyrexia;  a 
rise  to  1050  and  over  is  seldom  survived.  Moreover,  a  sudden  considerable 
rise  in  the  later  stages  of  the  disease  is' also  of  very  grave  significance,  even 
although  the  actual  height  attained  is  not  extreme.     Advanced  years  add 
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greatly  to  the  gravity  of  delirium  tremens,  especially  when  there  is  consid- 
erable pyrexia;  in  a  man  of  sixty  a  rise  to  103°  is  as  serious  as  would  be  a 
temperature  of  105°  in  a  young  person.  Any  complication  also  lessens  the 
chance  of  recovery,  the  most  serious  being  pneumonia  and  kidney  disease. 
The  prognosis  is  also  grave  when  delirium  tremens  is  associated  with  trau- 
matic lesion,  both  because  the  tendency  to  depression  and  collapse  is  increased 
by  the  shock  of  the  original  injury  or  operation,  and,  also,  because  wounds 
run  a  very  unfavorable  course  in  this  condition. 

Treatment. — The  mental  state  of  the  sufferer  from  delirium  tremens 
necessitates  very  careful  management.  It  is  essential  that  all  undue  excitement 
should  be  avoided,  and  only  the  necessary  attendants  should  be  in  the  room. 
It  is  well  to  have  the  light  dim,  unless  this  distinctly  increases  the  patient's 
suspicion  and  uneasiness.  When  there  is  much  disposition  to  act  accord- 
ing to  the  false  ideas,  male  attendants  are  necessary,  and  physical  restraint 
is  often  indispensable,  or  the  patient  may  injure  himself  or  others.  He  may 
even  attempt  suicide  by  jumping  from  a  window  or  swallowing  some  acces- 
sible poison,  sometimes  deliberately,  sometimes  under  the  influence  of  a  false 
idea.  Hence  windows  should  be  securely  fastened,  and  no  lotions  or  poison- 
ous liquid  should  be  within  the  patient's  reach.  In  many  cases  the  patient 
can  be  kept  in  bed  by  judicious  management  and  persevering  persuasion  on 
the  part  of  the  attendants.  In  other  cases,  however,  force  is  needed.  The 
mode  in  which  it  should  be  applied  is  a  matter  on  which  authorities  differ. 
If  there  is  great  violence,  continued  exertion  on  the  part  of  the  attendant  is 
necessary  to  keep  the  patient  in  bed  ;  two  attendants  are  needed  to  cope 
with  a  strong,'delirious  man,  and  the  constant  struggles  are  exhausting  to  the 
patient.  The  "strait-waistcoat "  offers,  in  such  cases,  an  effectual  mode  of 
restraint ;  the  interference  with  the  movement  of  the  chest  produced  by  it 
has  been  urged  as  an  objection  to  its  use,  although  this  drawback  has  cer- 
tainly been  exaggerated.  Leather  gauntlets  on  the  wrists  and  ankles  may 
be  secured  to  the  sides  and  foot  of  the  bed,  and  restrain  the  patient  effectu- 
ally without  any  interference  with  respiration.  Bandages  are  sometimes 
employed  for  this  purpose,  but  may  cut  into  the  skin  if  the  struggles  are 
violent.  Another  effectual  means  of  restraint  is  a  sheet  across  the  trunk  and 
arms,  firmly  secured  at  the  sides  of  the  bed.  In  most  cases  of  delirium  tre- 
mens this  answers  as  well  as  the  strait-waistcoat,  and  has  the  advantage  of 
being  always  available,  but  it  may  slightly  hamper  the  respiratory  move- 
ments. 

Food  must  be  given  in  liquid  form ;  beef  tea,  milk,  and  beaten-up  eggs 
should  form  its  chief  part.  The  anorexia  often  renders  it  difficult  to  give 
nourishment,  but  the  difficulty  can  generally  be  overcome  by  a  little  perse- 
verance. It  is  well,  in  this  as  in  other  acute  diseases,  to  commence  the  pro- 
cess of  digestion  of  food  before  it  is  taken.  Benger's  Liq.  Pancreaticus  and 
Liq.  Pepticus  offer  the  readiest  means  for  doing  this,  the  former  being  used 
for  milk,  the  latter  for  beef  tea.  Half  a  drachm  of  either  may  be  added, 
and  the  food  kept  warm  (not  hot)  for  twenty  minutes  or  half  an  hour,  and 
then  given.     The  process  of  digestion  thus  commenced  gfles  on  within  the 
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body.*  If  there  is  vomiting,  peptonized  enemata,  well  digested,  must  be 
given.  The  patient  should  not  be  without  food  for  more  than  three  hours  ; 
a  due  supply  of  nourishment  is  by  far  the  most  important  element  in  treat- 
ment. Whether  alcoholic  stimulants  should  be  given  must  depend  on  the 
state  of  the  pulse.  They  are  better  withheld  unless  the  pulse  calls  for  them 
in  language  that  is  not  only  unequivocal,  but  is  rather  more  decided  than 
would  be  held  a  sufficient  indication  in  an  acute  disease  of  other  nature. 
Some  stimulation  may  be  obtained  by  ammonia  and  ether.  Coffee  has  been 
recommended  for  the  same  purpose,  but  it  is  not  likely  to  increase  the  influ- 
ence of  sedatives.  It  is  probable  that  more  help  would  be  given  by  the 
administration  of  a  grain  of  cocain  twice  a  day.  In  all  cases  an  aperient 
should  be  given  at  the  outset,  enough  to  open  the  bowels  freely,  but  not  so 
strong  as  to  cause  prostrating  purgation. 

It  was  formerly  customary  to  administer  sedatives  freely  from  the  first  in 
the  endeavor  to  procure  the  sleep  that  usually  ends  the  acute  disturbance. 
Bromides  are  commonly  inadequate  to  compel  sleep,  although  often  useful 
as  tranquillizing  agents ;  opium  or  morphia  and  chloral  are  the  hypnotics 
usually  given.     In  most  severe  cases  efforts  to  produce  sleep  fail  until  near 
the  time  when  the  terminal  sleep  naturally  comes.     The  insusceptibility  to 
sedatives  in  the  early  stage  is  extraordinary ;  dose  after  dose  may  be  given 
until  a  poisonous  quantity  is  in  the  system,  and  still  the  patient  may  be 
sleepless,  with  increasing  and  perhaps  alarming  exhaustion.     If  the  hypno- 
tics are  boldly  pushed,  they  at  last  may  act,  and  the  patient  may  die  from 
their  influence.     Anstie  believed  that  when  opiates  fail  to  influence  the  brain 
and  to  induce  sleep,  they  sometimes  paralyze  the  heart.     He  mentioned  a 
case  in  which,  almost  immediately  after  the  administration  of  a  second  large 
dose  of  opium,  the  patient  became  ghastly  pale,  the  pulse  fluttered  and  then 
stopped,  and  in  a  few  minutes  the  patient  was  dead.f     Without  doubt  many 
cases  have  ended  fatally  in  consequence  of  the  idea  that  it  is  absolutely  ne- 
cessary to  procure  sleep  at  all  risks.     It  is  only  in  a  very  slight  case  that  it  is 
right  to  try  to  force  sleep  in  the  early  stage.     In  all  severe  attacks  it  is  wiser 
to  postpone  the  attempt  until  the  duration  of  the  disease  has  increased  the 
prospect  of  success,  that  is,  until  the  third  or  fourth  day  of  the  attack.     If 
a  narcotic,  dose  is  given  earlier  (such  as  a  quarter  of  a  grain  of  morphia 
beneath  the  skin,  or  sixty  grains  of  chloral  by  the  mouth)  it  should  not  be 
repeated  until  sufficient  time  has  elapsed  to  permit  its  action  to  pass  off.     It 
is  better,  however,  in   the  early  stage  to  be  content  with  moderate  doses, 
merely  sufficient  to  favor  tranquillity.     A  scruple  or  half  a  drachm  of  bro- 
mide, with  fifteen  or  twenty  grains  of  chloral,  may  be  given  every  six  or 
eight  hours,  and  then,  after  about  forty-eight  hours,  a  stronger  hypnotic 
may  be  tried.     Chloral  generally  acts  better  and  is  attended  by  less  danger 
than  opium  or  morphia.     Of  the  latter,  not  more  than  a  third  of  a  grain 

*  This  is  a  much  better  method  than  that  commonly  employed,  of  carrying  the  process  of 
artificial  digestion  further,  and  then  stopping  it  by  heat. 

■f-  Art.  "Alcoholism,"  "  Reynolds'  Syst.  of  Med.,"  vol.  ii,  2d  ed.,  p.  169. 
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should  be  injected,  and  it  is  wiser  to  give  first  a  smaller  dose,  a  quarter  or  a 
sixth.  The  practice  of  repeating  moderate  doses  at  short  intervals  has  been 
recommended,  but  it  is  better  to  wait  for  six  hours  and  then  to  give  a  second 
full  dose.  Opium  has  been  thought  by  some  to  be  safer  than  chloral  if 
there  is  weakness  of  the  heart,  but  the  fact  is  doubtful.  In  mild  cases,  half 
a  grain  of  the  extract  of  Indian  hemp  sometimes  promotes  sleep. 

The  treatment  by  large  doses  of  digitalis,  introduced  by  Jones,  of  Jersey, 
has  been  universally  relinquished.  The  good  thereby  effected  is  doubtful, 
and  certainly  altogether  disproportionate  to  the  danger  of  the  treatment. 
The  use  of  pilocarpine  to  increase  the  sweating  and  thus  help  to  eliminate 
the  alcohol  has  been  recommended,*  but  the  agent  is  unneeded  in  slight 
cases,  and  in  all  others  the  use  of  a  drug  that  depresses  should  be  carefully 
avoided.  The  same  remark  applies  also  to  the  employment  of  tartar  emetic 
for  the  same  purpose,  which  was  at  one  time  in  vogue.  A  drug  that  has 
been  strongly  recommended,  and  is  at  least  not  open  to  the  same  objection 
of  lowering  the  strength  of  the  patient,  is  capsicum.  Three  or  four  doses 
given  every  three  hours  are  said  frequently  to  produce  calm,  refreshing 
sleep.  Ten  or  even  twenty  grains  of  cayenne  pepper,  in  the  form  of  an 
infusion,  or  half-drachm  doses  of  the  tincture,  may  be  given. f 

If  alcohol  is  necessary  during  the  acute  stage  of  the  disease,  it  should  be 
discontinued  as  soon  as  possible,  and  altogether  withheld  during  convales- 
cence. An  attack  of  delirium  tremens  is  sometimes  a  turning-point  in  a 
drunkard's  life,  and  every  means  should  be  taken  to  enforce  upon  him  the 
lesson  of  the  illness,  a  lesson  which  he  is  proverbially  prone  to  forget  with 
returning  health. 

Acute  Alcoholic  Insanity. — Delirium  tremens,  although  the  patient  is 
for  the  time  insane,  is  not  classed  as  a  form  of  insanity.  Acute  attacks  of 
mental  derangement  sometimes  result  from  this  cause,  and  are  scarcely  to 
be  distinguished,  except  in  their  origin,  from  the  similar  condition  that 
comes  on  from  other  causes.  Indeed,  in  almost  all  cases  of  the  kind  there 
is  an  hereditary  tendency  to  mental  derangement,  and  the  alcoholic  excess 
is  merely  the  exciting  cause.  Acute  mania  may  thus  come  on,  distinguished 
from  delirium  tremens  by  more  persistent  delusions  and  by  the  absence  of 
the  tremor  and  of  the  restlessness  of  mind  and  body.  Some  of  these  cases 
run  a  shorter  course  than  acute  mania  commonly  does ;  sleep  has  a  more 
pronounced  ameliorating  influence,  and  some  tremor  may  be  present.  Thus 
there  are  forms  that  seem  to  be  intermediate  between  simple  acute  mania  and 
delirium  tremens.  Some  mental  change  is  apt  to  be  left  behind  for  a  time, 
but  this,  as  we  have  seen,  is  not  uncommon  after  delirium  tremens  in  those 

*Isham,  Am.  Med.  News,  1885,  p.  312. 

f  Cayenne  is  an  old  negro  remedy  in  Jamaica  for  many  acute  ailments.  (See  Kinnear,  Lan- 
cet, 1882,  i,  p.  291,  and  an  anonymous  letter,  it.,  p.  390.)  It  was  at  first  given  in  a  glass  of 
spirit,  a  vehicle  open  to  objection  in  delirium  tremens.  In  many  of  the  cases  in  which  its 
influence  has  been  supposed  to  be  most  conspicuous  by  contrast  with  other  drugs,  it  was 
given  after  these  had  been  tried  in  vain,  and  at  the  period  when  a  spontaneous  subsidence  of 
the  disease  might  be  looked  for. 
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who  inherit  a  tendency  to  insanity.  Acute  melancholia  also  sometimes 
occurs  from  alcoholic  excess,  but  does  not  present  any  special  peculiarities. 
A  peculiar  form  of  recurring  insanity,  associated  with,  and  excited  by,  a 
drinking  tendency,  has  been  termed  oinomania.  There  is  sometimes  perma- 
nent moral  deficiency,  and  there  are  periods  in  which  the  subject  loses  all 
moral  sense,  falls  into  various  excesses,  and  may  wander  about  and  act  in 
an  absurd  and  often  indecent  manner.  In  some  cases,  during  the  intervals 
between  the  outbreaks,  the  patient  exhibits  no  moral  or  intellectual  defect. 

CHRONIC  ALCOHOLISM. 

Various  morbid  states  of  the  nervous  system  are  slowly  induced  by  habitual 
alcoholic  excess.  These  differ  from  the  acute  disturbance  in  that  they  may 
be  induced  by  habitual  excess  which  never  attains  the  degree  necessary  to 
cause  actual  drunkenness.  The  most  common  symptom  is  muscular  tremor, 
seen  chiefly  in  the  hands,  lips  and  tongue.  It  is  inconspicuous  in  the  legs, 
although  it  may  often  be  found  there  if  looked  for.  It  is  a  fine  irregular 
tremor,  and  occurs  only  when  the  muscles  are  put  into  action  by  the  will.  It 
results  from  all  kinds  of  excess,  and  may  be  as  conspicuous  in  those  who 
drink  only  beer  as  in  spirit  drinkers.  It  is  generally  greatest  in  the  morn- 
ing, and  is  less  after  some  alcohol  is  taken.  Sometimes  there  are  also  sud- 
den starts  of  the  limbs,  especially  during  sleep.  Insomnia  is  often  trouble- 
some ;  sleep,  when  it  occurs,  may  be  disturbed  by  distressing  dreams,  and 
visual  hallucinations  may  distress  the  patient  in  the  state  between  sleeping 
and  waking,  and  may  prevent  sound  sleep.  To  these  symptoms  some  per- 
sistent mental  changes  are  often  added,  irritability,  restlessness,  failure  of 
memory.  Other  symptoms  of  disease  outside  the  nervous  system  often 
coexist,  congestion  of  the  face  and  conjunctiva,  fullness  of  the  eyelids,  a 
tendency  to  skin  eruptions  on  the  face,  a  furred  tongue,  anorexia,  and  morn- 
ing vomiting. 

Besides  these  chronic  disorders  certain  definite  maladies  may  occur,  sub- 
acute or  chronic  in  character.  The  most  important  of  these  is  multliple 
neuritis,  a  description  of  which  is  given  on  page  108,  et  seq.  Alcoholism 
is  by  far  the  most  common  cause  of  this  disorder,*  and  it  is,  strange  to  say, 
a  disease  to  which  women  are  certainly  more  prone  than  men.  Instead  of 
the  mixed  motor  and  sensory  symptoms  that  usually  result  from  this  disorder 
— palsy  of  the  extremities,  loss  of  sensation,  muscular  tenderness  and  acute 
pains — it  may  have  a  tendency  to  affect  the  nerve  fibres,  according  to  their 
function,  so  that  motor  palsy  sometimes  occurs  with  but  little  sensory  dis- 
turbance, or  there  may  be  incoordination  closely  resembling  that  of  locomo- 
tor ataxy,  f 


*  It  has  been  pointed  out  by  Dr.  Dreschfeld  (in  a  valuable  article  in  Brain,  Jan.,  1886,  p. 
434)  that  an  accurate  sketch  of  the  symptoms  of  alcoholic  neuritis  was  given  by  Dr.  James 
Jackson,  of  Boston,  U.  S.,  in  1822. 

f  A  peculiar  kind  of  unsteadiness  in  walking  is  caused,  as  Charcot  has  shown,  by  the 
localization  of  the  palsy  in  the  legs.  But  in  other  cases  there  is  true  ataxy,  probably  the 
consequence  of  an  affection  of  the  sensory  muscle  nerves. 
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Chronic  and  subacute  myelitis  certainly  sometimes  results  from  alco- 
holism, as  is  shown  by  a  case  figured  in  Fig.  97.  In  this,  as  in  most 
cases  of  the  kind,  the  inflammation  of  the  cord  accompanied  peripheral 
neuritis,  by  which  its  symptoms  were  masked  to  a  considerable  extent. 
Disease  of  the  spinal  cord  was  formerly  thought  to  be  the  common  cause  of 
alcoholic  palsy  in  the  form  that  we  now  know  to  be  the  result  of  neuritis. 
The  cases  of  "  alcoholic  paraplegia  "  described  by  Dr.  Wilks*  are  certainly 
examples  of  neuritis.  I  have  not  met  with  any  case  in  which  there  was  sat- 
isfactory evidence  of  an  isolated  affection  of  the  cord  due  to  alcohol,  but 
since  chronic  myelitis  certainly  results  from  this  cause,  in  association  with 
neuritis  but  anatomically  separate,  it  is  probable  that  it  does  occasionally 
occur  alone.  It  would,  seem,  however,  that  the  susceptibility  of  the  periph- 
eral nerves  is  greater  than  that  of  the  cord. 

In  France,  hemiansesthesia  is  said  to  be  not  uncommon  in  alcoholics,  and 
some  examples  of  it  have  been  described  by  Magnan,f  similar  apparently  to 
the  unilateral  loss  that  is  met  with  in  hysteria.  But  the  condition  is  rarely 
met  with  in  this  country.  Epilepsy  is  occasionally  an  effect  of  alcoholic 
excess,  but  the  attacks  seldom  occur  periodically,  as  they  do  in  the  ordinary 
form  of  the  disease.  Usually  a  series  of  attacks  are  excited  by  a  bout  of 
drinking,  or  even  by  a  single  intoxication,  and  the  patient  is  free  from  them 
until  he  again  gives  way  to  excess.  In  such  cases  the  fits  are  apt  to  accom- 
pany an  attack  of  delirium  tremens. 

Neuralgic  pains  in  the  limbs  are  sometimes  troublesome ;  these  may  some- 
times be  the  result  of  an  influence  of  alcohol  on  the  nerves,  such  as,  in  greater 
degree,  causes  actual  neuritis.  But  some  of  these  nerve  pains  are  produced 
through  the  agency  of  a  gouty  diathesis,  to  which  alcoholic  excess  unques- 
tionably contributes. 

It  is  an  undecided  question  whether  alcohol  causes  amblyopia  and  optic 
nerve  atrophy,  such  as  result  from  the  use  of  tobacco.  In  many  cases  of 
tobacco  amblyopia  there  is  a  history  of  alcoholic  excess,  which  has  been 
thought  to  favor  the  occurrence  of  the  affection,  but  its  production  by  alco- 
hol alone  is  not  well  established. 

I  have  occasionally  seen  distinct  slight  optic  neuritis  in  the  subjects  of 
chronic  alcoholism,  generally  in  association  with  headache,  and  slight  mental 
changes.  It  is  probable  that  in  many  of  these  cases  there  is  slight  chronic 
meningitis.  Opacity  and  slight  thickening  of  the  arachnoid  and  dura  mater 
are  met  with  after  death  in  some  cases,  chiefly  marked  over  the  convexity 
of  the  brain,  and  are  probably  a  direct  effect  of  the  habitual  excess.  This, 
with  some  slight  shrinking  of  the  cortex,  constitutes  the  most  common  post- 
mortem change  in  cases  of  long  duration.  Fatty  degeneration  of  the  walls  of  the 
small  arteries  is  probably  more  common  in  alcoholic  subjects  than  in  others. 
Minute  foci  of  softening  due  to  vascular  disease,  and  called  "  encephalitis," 

*  "  Lectures  on  Diseases  of  the  Nervous  System,"  1878,  p.  224. 
f  "  On  Alcoholism,"  Greenfield's  Trans. 
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have  been  met  with  in  the  cortex  in  rare  cases,  usually  in  association  with 
considerable  and  long-standing  mental  changes. 

Chronic  alcoholism  may  aid  in  the  production  of  many  forms  of  definite 
insanity,  but  the  only  variety  that  can  be  certainly  ascribed  to  this  cause, 
acting  alone,  is  chronic  dementia — failure  of  memory,  commonly  progressive 
for  a  time,  accompanied  by  defective  power  of  judgment,  and  often  by  want 
of  cleanliness  and  other  indications  of  defective  moral  sense.  Mental  weak- 
ness may  be  associated  with  defective  articulation,  and  with  recurring  slight 
paralytic  attacks,  so  as  to  constitute  a  group  of  symptoms  bearing  some 
resemblance  to  general  paralysis  of  the  insane,  but  differing  in  the  non-pro- 
gressive character  of  the  disorder  if  alcohol  is  given  up.  Actual  recovery 
is,  however,  rare,  although  the  sufferers  may  live  for  many  years.  It  is 
probable  that,  in  these  cases,  there  is  chronic  meningitis.  The  influence  of 
alcohol  in  causing  true  general  paralysis  has  been  much  discussed  ;  the  dis- 
ease very  seldom  results  from  this  cause  acting  alone,  although  intemperance 
may  aid  other  causes  in  producing  it. 

The  diagnosis  of  the  effects  of  chronic  alcoholism  from  the  maladies  with 
which  they  may  be  confounded  has  been  sufficiently  considered  in  the  descrip- 
tion of  those  diseases.  The  most  common  question  is  the  distinction  of  alco- 
holic tremor  from  other  forms,  especially  from  the  very  similar  tremor  that  is 
sometimes  congenital,  or  if  not  congenital,  has  existed  from  early  life,  and  is 
often  inherited.  The  history  of  the  tremor  sufficiently  distinguishes  the  two 
affections. 

The  chief  element  in  the  treatment  of  chronic  alcoholism  is  the  change  in 
the  habits  of  the  patient.  Bitter  tonics,  such  as  bark,  have  been  sometimes 
found  of  service,  as  in  some  measure  satisfying  the  craving  for  drink. 
Tincture  of  capsicuhi  has  also  been  praised  ;  ten-minim  doses  may  be  given 
before  meals  or  when  the  craving  for  drink  comes  on.*  The  special  derange- 
ment will  generally  subside  when  the  cause  ceases  to  act.  The  special  treat- 
ment that  may  be  needed  has  been  described  in  the  account  of  these  diseases. 
Strychnine  and  nux  vomica  are  useful  for  the  tremor.  For  the  insomnia  and 
nervous  restlessness,  Marcet  has  recommended  oxide  of  zinc,  in  two-grain 
doses,  two  or  three  times  a  day. 


HYSTERIA. 
The  term  "hysteria  "  is  applied  to  a  morbid  state  of  the  nervous  system 
which  is  far  more  common  in  women  than  in  men.  The  primary  derange- 
ment is  in  the  higher  cerebral  centres,  but  the  functions  of  the  lower  centres 
in  the  brain,  of  the  spinal  cord,  and  of  the  sympathetic  system  may  be 
secondarily  disordered.  Hence  the  symptoms  may  be  varied  in  their  range, 
and  in  some  cases  the  secondary  manifestations  of  the  disease  may  so  pre- 
ponderate as  to  obscure  the  primary  disturbance.  The  name  is  derived  from 
an  erroneous  idea  that  there  is  a  special  connection  between  the  disease  and 


*  See  Ringer's  "  Therapeutics,"  5th  ed.,  1876,  p.  362. 
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disorders  of  the  womb  (ixrripa).  It  was  even  once  thought  the  womb 
moved  about  to  various  parts  of  the  body,  and  so  caused  the  local  symptoms. 
The  opinion  that  the  disease  is  primarily  and  chiefly  one  of  the  cerebral 
functions  is  now  all  but  universally  held,  and  the  use  of  the  word  "hysteria" 
does  not  now  imply  the  theory  involved  in  its  derivation. 

It  should,  however,  be  remembered  that  there  is  a  difference  between  the 
popular  and  the  medical  use  of  the  word.  To  the  public,  the  name  is 
chiefly  associated  with  the  simulation  of  symptoms,  or  at  least  with  the  idea 
that  the  patient  could  prevent  the  symptoms  if  she  liked.  But  in  medicine 
it  is  now  generally  recognized  that  the  malady  is  a  real  one,  occasionally  of 
great  severity,  and  to  a  large  extent  beyond  the  direct  influence  of  the 
patient's  will.  It  should  also  be  remarked  that  the  word  is  applied  more 
widely  to  women  than  to  men ;  the  same  conditions  are  often  termed 
"  hysteria  "  in  the  former,  and  "  hypochondriasis  "  in  the  latter. 

Etiology. — Both  race  and  civilization  have  probably  more  influence  on 
the  occurrence  of  hysteria  than  has  been  recognized  or  studied.  It  is  almost 
unknown  among  barbarous  races,  and  seems  to  be  a  product  of  the  cerebral 
development  that  accompanies  the  process  of  civilization.  In  certain  stages 
of  civilization  peculiar  forms  of  the  disease  have  attained  great  develop- 
ment, as  in  Europe  during  the  Middle  Ages.  Among  races  that  have  attained, 
apparently,  an  equal  degree  of  civilization,  hysteria  reaches  a  higher  degree 
in  some  than  in  others,  in  the  French,  for  instance,  than  in  the  English  ;  no 
doubt  in  consequence  of  the  underlying  differences  in  nervous  constitution 
that  are  recognized  in  the  expression  "national  temperament."* 

Hysteria  has  been  estimated  to  be  twenty  times  as  frequent  in  women  as 
in  men  (Briquet),  but  the  varying  use  of  the  word  already  mentioned 
renders  the  facts  difficult  to  ascertain.  Every  form  does  occur  in  the  male 
sex,  and  certain  varieties  are  not  infrequent.  The  liability  of  females  is 
probably  determined  by  the  character  of  their  nervous  system,  and  not  by 
the  possession  of  certain  sexual  organs.  Some  disposition  to  hysteria  is 
inherent,  if  not  in  all  women,  at  least  in  the  vast  majority.  The  affection 
is  far  more  common  in  boys  than  in  adult  men  ;  the  differences  in  the  ner- 
vous constitution  of  the  two  sexes  are  far  less  before  than  after  puberty. 
Adult  men  who  are  the  subjects  of  the  disease  often  present  mental  charac- 
teristics resembling  those  of  the  female  sex.  The  exact  influence  of  age  is 
also  difficult  to  ascertain,  because  the  special  manifestations  of  the  disease 
are  the  result  of  an  underlying  and  antecedent  morbid  state,  which  develops 
so  gradually  that  its  commencement  can  seldom  be  determined.  The  fre- 
quency with  which  distinct  symptoms  commence  in  the  several  decades  of 
life  is  shown  in  the  following  table,  calculated  from  the  figures  given  by 
Briquet  and  Landouzy  : — 

Age — 10    — 20       — 30       — 40       — 50       — 60 

Per  cent 


— 10 

—  20 

—  3° 

—40 

—  5° 

8 

5° 

28 

10 

3 

*  The  following  account  of  the  disease  is  based  chiefly  on  its  manifestations  in  the 
English  race.     Some  features,  that  are  merely  alluded  to  here,  have  attracted  great  attention 
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Thus,  in  one-half  the  cases  the  disease  is  first  manifested  in  the  second 
decade  of  life.  Of  these,  a  larger  number  begin  between  fifteen  and  twenty 
than  between  ten  and  fifteen.  In  nearly  a  third  of  the  whole,  the  first 
manifestations  occur  between  twenty  and  thirty,  and  a  much  smaller  number 
in  the  first  and  fourth  decades.  The  cases  met  with  under  ten  generally 
commence  after  six,  although  symptoms  of  similar  character  have  occasion- 
ally been  met  with  at  three,  four,  or  five  years  of  age  (Barlow).  These 
figures  are  true  chiefly  of  females.  Regarding  the  age  at  onset  in  males,  we 
can  only  say  that  the  commencement  is  before  puberty  in  a  larger  propor- 
tion of  males  than  of  females. 

Heredity  unquestionably  influences  the  occurrence  of  the  disease.  There 
may  be  direct  inheritance,  or  a  family  history  of  allied  neuroses.  One  of 
the  most  severe  cases  of  juvenile  hysteria  I  have  seen  was  in  a  girl  of  nine, 
both  of  whose  parents  had  insane  relatives.  In  another  case,  a  girl  had 
peculiar  hysteroid  fits,  and  both  her  mother  and  grandmother  had  had  sim- 
ilar fits  at  the  same  age.  Briquet  found  a  history  of  hysteria  in  the  parents 
of  hysterical  patients  twelve  times  as  frequently  as  in  the  parents  of  those 
who  were  not  hysterical,  but  such  a  proportion  is  probably  much  larger  than 
would  be  found  to  obtain  in  this  country.  It  must  be  remembered  that  a 
tendency  to  hysteria  finds  favorable  conditions  for  development  in  the  inju- 
dicious moral  training  that  is  received  by  the  children  of  an  hysterical 
mother.* 

The  causes  that  directly  determine  the  development  of  hysteria  in  an  indi- 
vidual may  be  either  physical  or  mental  influences.  Both  are  often  con- 
joined. Of  the  two,  the  mental  and  moral  influences  are  the  more  potent 
and  the  more  frequent.  They  may  both  increase  the  inherent  predisposition 
and  excite  pronounced  manifestations  of  the  disease.  The  inherent  predis- 
position, indeed,  probably  depends  on  the  physiological  preponderance  of 
emotion  in  females,  which  is  essential  for  the  part  they  play  in  the  continu- 
ance of  the  race,  but  which  may  be  perverted  either  by  congenital  tendency 
or  injudicious  training.  License  and  indulgence  in  childhood  beget  self- 
indulgence  in  later  life.  When  the  disease  has  once  developed  it  is  often 
greatly  increased  by  injudicious  management.  The  near  relatives  of  the 
hysterical  are  often  conspicuously  deficient  in  judgment,  and  the  little  com- 
mon sense  they  may  possess  is  often  rendered  useless  by  their  affection  for 
the  sufferers.  In  some  cases  the  symptoms  develop  without  more  exciting 
cause  than  the  trifling  annoyances  of  home  life,  or  the  change  that  the  ner- 
vous system  undergoes  at  the  time  of  puberty.  More  frequently,  however, 
the  decided  manifestations  of  the  disease  are  due  to  some  distinct  exciting 
cause.  This  is  rarely  intellectual  exertion  ;  in  most  cases  it  is  some  emo- 
tional disturbance.  It  may  be  a  sudden  alarm,  which  is  an  especially  fre- 
quent excitant  of  hysterical  disturbance  in  children.     It  may  be  merely  the 

abroad.     These  have  been,  for  the  most  part,  fully  described  in  the  lectures  of  Charcot, 
accessible  to  English  readers  in  the  translation  of  the  New  Sydenham  Society. 

*  See  on  this  subject  Dr.  Russell  Reynolds'  address  to  the  Sanitary  Congress,  1887. 
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depressing  emotions  from  which  no  life  is  exempt,  trifling  in  themselves,  but 
potent  because  unresisted.  It  may  be  some  sudden  and  deep  emotion,  an 
unhappy  love  affair,  a  fall  from  luxury  to  the  need  for  unaccustomed  labor. 
,  The  effect  of  the  real  causes  may  be  merely  seen  in  depression  or  irritability, 
often  with  failing  health,  and  the  outbreak  may  be  immediately  excited  by 
some  trivial  disturbance,  adequate  only  to  turn  the  scale  too  delicately 
poised.  Defective  general  health,  though  by  no  means  essential  for  the 
development  of  the  disease,  is  yet  a  common  antecedent.  Hysteria  may 
occur  in  women  who  are  in  good  health,  but  more  frequently  there  .is 
obvious  deterioration.  The  patients  are  anaemic,  easily  fatigued,  and  often 
with  functional  disturbance  of  various  organs. 

Of  the  physical  conditions  that  may  influence  the  development  of  hysteria, 
disorders  of  the  generative  organs  have  always  attracted  most  attention. 
The  share  which  they  take  has  been  variously  estimated.  It  is  certain  that 
some  morbid  state  of  these  organs  is  present  in  many  cases,  but  the  estimate 
that  at  least  one-half  of  the  sufferers  from  hysteria  are  free  from  such  disease 
(Jolly)  is  probably  near  the  truth.  Further,  such  disease,  in  a  considerable 
proportion  of  the  cases  in  which  it  exists,  is  certainly  not  the  cause  of  the 
hysteria.  The  morbid  states  of  these  organs  that  are  met  with  are  rarely 
grave;  they  are  commonly  trifling  in  themselves,  but  such  as. cause  frequent 
or  continuous  suffering,  and  thus  may  depress  the  nervous  system.  The  rec- 
tification of  such  disturbance  has,  in  rare  instances,  been  followed  by  a 
marked  improvement  in  the  symptoms,  but  such  an  effect  is  rare.  Com- 
monly, the  symptoms  of  hysteria  continue  unmodified  by  the  removal  of 
the  local  disturbance,  and  the  indirect  influence  of  the  treatment  is  often 
anything  but  beneficial.  The  influence  of  uterine  disease  or  displacement 
which  causes  no  obtrusive  symptoms  is  more  than  doubtful. 

The  observations  of  Charcot  have  lately  directed  attention  to  the  ovaries 
rather  than  to  the  uterus.  Tenderness  in  the  ovarian  region  is  unquestion- 
ably frequent,  but  is  not  invariable,  nor  is  it  confined  to  the  subjects  of 
hysteria.  It  is  usually  a  neuralgic  affection,  and  not  an  actual  local  disease. 
It  is  very  rare  for  there  to  be  any  adequate  evidence  even  of  congestion. 
When  the  generative  organs  are  healthy,  the  menstrual  period  is  attended, 
in  most  women,  by  some  discomfort  and  depression,  and  it  is  natural  that 
the  symptoms  of  hysteria,  if  they  exist,  should  be  aggravated  at  these  times. 
In  such  patients,  moreover,  menstruation  is  often  irregular,  in  consequence  of 
the  defective  general  health,  and  its  disturbing  influence  is  thereby  increased. 
Severe  cases  of  hysteria  with  much  ovarian  pain  have  been  cured  by  the 
removal  of  both  ovaries ;  but  too  wide  an  influence  may  readily  be  drawn 
from  the  fact.  The  operation  not  only  removes  a  source  of  irritation,  but 
involves  a  profound  moral  influence  and  prolonged  physical  rest. 

Sexual  excess  is  an  occasional  cause  of  hysteria  in  men,  and,  as  mastur- 
bation, still  more  frequently  in  boys,  but  its  influence  in  women  is  probably 
not  large.  Continence  has  been  supposed  to  be  a  cause  of  hysteria,  but 
probably  is  so  only  when  it  suddenly  succeeds  habitual  indulgence,  and  its 
influence  is  chiefly  confined  to  the  female  sex. 
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Hysterical  symptoms,  especially  convulsions,  sometimes  spread  from  one 
individual  to  another  by  sympathetic"  imitation,  "moral  contagion,"  as  it 
has  been  termed.  Many  singular  outbreaks. of  this  character  have  been 
recorded.  The  sufferers,  living  together  in  a  hospital,  or  workhouse,  or 
school,  have  often  been  exposed  to  similar  predisposing  influences ;  and  the 
materials  in  all  are  ready  for  explosion. 

In  a  predisposed  person  the  symptoms  of  hysteria  may  be  excited  or  inten- 
sified by  other  diseases ;  nervous,  general  and  local  maladies  often  deter- 
mine the  direction  of  more  enduring  hysterical  disturbance.  The  symptoms 
which  result  from  this  union  of  disorders  may  be  most  perplexing.  In 
typhoid  fever  in  young  girls,  hysterical  tenderness  of  the  skin  and  spine  may 
be  present,  and  anaesthesia,  pharyngeal  constriction,  rapid  breathing  and 
even  contracture  may  occur  (Huchard).  Tuberculosis  is  often  attended 
with  hysterical  phenomena,  which  may  simulate,  or  more  often  mask,  the 
symptoms  of  tubercular  meningitis.  The  pains  of  rheumatism  may  persist 
as  hysterical  neuralgia.  The  secondary  stage  of  syphilis,  especially  among 
prostitutes,  is  often  attended  by  symptoms  of  hysteria,  sometimes  intense. 
Fournier  believes  that  they  result  from  a  specific  action  of  the  virus  on  the 
nervous  system,  but  the  depressing  effect  of  the  disease,  coupled  with  the  • 
pyschical  influence  of  the  mode  of  life,  is  probably  sufficient  to  account  for 
the  condition.  Almost  all  forms  of  local  inflammation  may  determine  the 
occurrence  and  locality  of  hysterical  symptoms.  Thus,  arthritis  may  set  up 
an  "  hysterical  joint,"  a  laryngeal  catarrh  may  excite  persistent  hysterical 
aphonia,  a  slight  attack  of  bronchitis  may  lead  to  hysterical  dypsncea  and 
rapid  breathing.  Even  more  potent  is  the  influence  of  local  injury ;  spinal 
tenderness  may  be  excited  by  a  blow  or  fall,  and  injuries  to  the  limbs  may 
be  followed  by  pains,  anaesthesia  and  contractures,  beginning  in  the  affected 
member,  and  often  tasking  all  the  skill  of  the  diagnostician  to  separate  the 
direct  and  indirect  effects  of  the  injury.  The  latter,  however,  often  become 
more  extensive  in  distribution,  and  are  then  more  readily  distinguished. 

If  hysterical  symptoms  may  thus  complicate  general  diseases,  it  is  not 
surprising  that  they  should  still  more  frequently  accompany  various  diseases 
of  the  nervous  system,  functional  and  organic.  The  effect  of  disease  of  one 
part  is  often  to  disturb  the  functions  of  other  parts,  and  of  this  disturbance 
hysterical  symptoms  are  a  frequent  result.  As  Weir  Mitchell  has  well 
expressed  it,  "  the  symptoms  of  real  disease  are  painted  on  an  hysterical 
background."  There  is  hardly  a  single  disease  of  the  nervous  system  by 
which  such  symptoms  may  not  be  produced.  Cerebral  tumors  in  young 
women  often  cause  conspicuous  hysterical  phenomena  in  addition  to 
their  direct  results.  The  subjects  of  infantile  hemiplegia,  when  they  reach 
puberty,  may  present  a  high  degree  of  hysteria.  In  one  case  of  old  hemi- 
plegia in  which  true  epileptiform  convulsions  occurred  in  the  stunted  limbs, 
the  patient  suffered  also  from  the  most  severe  hysteroid  convulsions  I  have 
ever  witnessed,  and  also  from  aphonia,  rapid  breathing,  and  phantom 
tumor.  Slight  or  old  organic  diseases  of  the  spinal  cord  may  determine 
hysterical  spinal  symptoms,  and  thus  an  hysterical  paraplegia  may  be  grafted 
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on  slight  real  weakness  of  the  legs.  So,  too,  with  acute  diseases,  as  tuber- 
cular meningitis.  A  real  diphtheritic  paralysis  may  pass  into  hysterical  palsy 
and  anaesthesia.  I  have  known  hysterical  convulsions  to  attend  the  onset 
of  embolic  hemiplegia,  proved  to  be  such  by  post-mortem  examination. 
Hysteria  sometimes  acccompanies  chorea,  and  this  disease  may  also  be 
succeeded  by  hysteroid  fits.  Similar  convulsions  occur  with  great  frequency 
after  true  epileptic  fits  during  the  ages  at  which  hysteria  is  common  (see 
p.  1093).  The  most  enduring  case  of  hysterical  aphonia  I  have  ever  known 
was  in  an  epileptic  woman.  Lastly,  hysterical  symptoms  and  convulsions 
may  form  part  of  the  phenomena  of  hydrophobia,  apparently  as  the  direct 
effect  of  the  poison  on  the  nervous  system. 

Svmptoms. — The  manifestations  of  hysteria  may  be  divided  into  two 
classes,  the  continuous  and  the  paroxysmal.  Of  the  former,  the  most  im- 
portant is  the  mental  state,  which,  in  the  majority  of  hysterical  patients,  pre- 
sents marked  characteristics.  These  differ  in  their  details  according  to  the 
ever-varying  peculiarities  of  individual  character.  Most  prominent  among 
them,  and  rarely  absent  in  severe  cases,  is  a  defective  power  of  will,  imper- 
fect self-control,  inability  to  resist  the  impulses  of  inclination.  With  this  is 
often  associated  irritability  of  temper,  and  an  undue  sensitiveness  to  annoy- 
ance, under  which  the  trifling  cares  and  vexations  of  life  become  grave 
troubles.  Occasionally  this  deficiency  of  will  power  is  inconspicuous.  Some 
patients  with  originally  well-balanced  minds,  under  the  depressing  influence  of 
ill  health  or  care,  may  have  their  mental  strength  undermined,  and  the  symp- 
toms of  hysteria  may  develop  insidiously  as  disorders  of  subordinate  functions. 
In  other  cases,  some  violent  shock  rrlay  shatter  a  strong  will,  and  emotion  may 
become  dominant  in  a  mind  in  which  it  was  previously  held  in  strict  subor- 
dination. But  these  cases  are  far  less  common  than  those  in  which  the  will 
has  been  gradually  allowed  to  fall  into  servitude.  Self-consciousness  domi- 
nates, more  or  less  completely,  the  patient's  thoughts  and  even  actions,  and 
finds  its  expression  in  manner,  glance  and  tone.  '  There  may  be  obvious 
exaggeration  in  the  description  of  sufferings  or  an  implied  consciousness  of 
much  more  than  is  expressed.  The  sympathy  that  is  excited  is  a  source  of 
gratification  to  a  patient  whose  sufferings  often  secure  a  relief  from  other 
annoyances  which  to  her  are  greater,  and  the  attention  she  receives  is  a  new 
stimulus  to  her  self-consciousness.  The  motives  become  stronger  to  yield 
to,  than  to  resist,  morbid  tendencies,  which  are  thus  unconsciously  culti- 
vated. This  defective  will  power  is  sometimes  associated  with  a  low  moral 
tone,  and  the  cultivation  of  symptoms,  which  is  at  first  unconscious  and 
involuntary,  may  then  become  conscious  and  intentional.  Those  that  are 
at  first  merely  unresisted  maybe  afterward  welcomed,  then  invited,  and  at 
last  actually  induced  or  consciously  stimulated.  Every  stage  in  this  grada- 
tion of  development  may  be  met  with  by  itself,  and  sometimes,  from 
the  first,  the  symptoms  are  assumed.  It  must  not,  however,  be  inferred  that 
all  mimicry  of  disease  is  intentional  simulation.  The  nervous  system  is  domi- 
nated by  ideas,  as  well  as  by  emotions  ;  the  definite  conception  of  a  symp- 
tom may  lead  to  its  occurrence  ;  and  when  idea  and  emotion  are  conjoined, 
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and  a  symptom  is  not  only  conceived,  but  either  dreaded  or  desired,  its 
occurrence  is  still  more  easy.  The  idea  of  a  loss  of  power  may  render  it 
impossible  for  the  patient  to  will  the  movement ;  the  conception  of  a  mus- 
cular spasm  may  induce  the  contraction,  and  if  a  definite  pain  is  thought  of, 
before  long  it  may  be  felt,  without  the  symptom  being  in  any  case  inten- 
tionally induced.  Medical  inquiries  and  examinations  often  suggest  to 
patients  the  definite  ideas  of  symptoms,  and  the  physician's  knowledge  of 
the  natural  association  of  symptoms  may  thus  lead  to  their  consistent  grouping 
in  a  mimetic  malady,  even  when  there  is  not,  and  still  more  when  there  is, 
deliberate  simulation.  The  pathogenic  influence  of  idea  is  seen  in  all  vari- 
eties of  hysteria,  and  sometimes  in  singular  isolation  in  children,  in  forms 
which  Russell  Reynolds  has  designated  "  ideal  paralysis."  The  idea  is  most 
definite,  and  therefore  most  effective,  when  such  symptoms  have  been 
actually  observed  in  another  person.  Hence  the  spread  of  hysterical 
convulsions  and  other  symptoms  by  imitative  contagion.  I  have  known 
two  children  in  a  family  to  suffer,  one  from  a  cerebral  tumor,  the  other 
from  startlingly  similar  symptoms  of  pure  mimetic  origin,  evoked  by  the 
witnessed  sufferings  of  the  first. 

The  excess  of  emotion  in  the  subjects  of  hysteria  commonly  finds  free 
expression.  Laughter  and  tears  come  readily,  and  these  manifestations  of 
emotion  may  occur  in  paroxysms  on  the  most  trivial  excitant,  and  attend  or 
constitute  the  slighter  form  of  hysterical  "fits."  Certain  other  common 
symptoms  of  the  disease  are  also  natural  results  of  profound  emotion,  and 
are  morbid  because  spontaneous  or  too  readily  produced.  One  of  these  is 
the  well-known  "globus  hystericus,"  a  feeling  of  something  suddenly  clos- 
ing the  throat  and  stopping  the  breath.  It  is  often  described  as  a  ball  rising 
from  the  stomach  to  the  throat ;  in  other  cases  it  is  a  mere  sense  of  constric- 
tion or  swelling  referred  to  the  fauces  or  pharynx.  An  identical  sensation 
may,  from  sudden  alarm,  occur  in  those  who  are  not  hysterical.  It  is  a 
frequent  precursor  of  an  hysterical  fit,  but  is  also  excessively  common  apart 
from  any  other  paroxysmal  symptom.  Some  have  supposed  that  the  sensa- 
tion is  the  result  of  an  actual  spasmodic  contraction  of  the  oesophagus  and 
pharynx,  but  there  seems  no  sufficient  evidence  of  this.  The  sensation  in 
its  most  typical  form  appears  to  be  identical  with  that  which  immediately 
precedes  many  epileptic  fits,  and  I  have  even  known  the  same  sensation  to 
precede  unilateral  convulsive  seizures  in  a  case  of  tumor  of  the  pons  Varolii. 
It  is  often  accompanied  by  a  sudden  sense  of  suffocation,  for  which  there  is 
no  reason  in  the  interference  witlTbreathing,  and  it  appears  to  be  the  expres- 
sion of  a  disturbance  in  the  respiratory  portion  of  the  vagus  centre,  which 
is  normally  specially  sensitive  to  emotion. 

The  same  relation  to  emotion  may  be  traced  in  many  other  symptoms  of 
hysteria,  which  will  be  described  in  detail ;  such,  for  instance,  are  the  dis- 
turbance of  the  heart's  action,  the  limpid  urine  that  may  result  from  fear, 
and  the  muscular  tremor  of  alarm,  while  many  of  the  phenomena  of  hyste- 
roid  convulsions  are  but  the  frenzied  manifestations  of  horror  or  rage. 

Sensory  Symptoms. — In  hysteria   all  sensations,  general  and  special,  may 
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be  felt  with  abnormal  acuteness,  and  those  that  are  in  health  unnoticed  may 
give  rise  to  distress.  It  is  often  difficult  to  learn  how  far  there  is  an 
actual  increase  of  sensation  and  how  far  the  exaggeration  is  in  the  descrip- 
tion of  the  feeling.  That  an  actual  increase  sometimes  exists  is  proved  by 
rare  cases  in  which  there  is  an  extraordinary  acuteness  of  the  special  senses. 
Sounds  may  be  heard  which  are  inaudible  to  others,  a  print  may  be  read  in 
a  light  so  dim  that  it  is  quite  illegible  to  ordinary  sight,  and  the  sense  of 
smell  may  attain  an  acuity  comparable  only  to  that  which  it  possesses  in 
animals,  so  that,  it  is  said,  persons  may  be  distinguished  by  its  means. 

In  these  cases  of  increased  sensitiveness  painful  sensations  are  readily 
produced  and  are  often  spontaneous,  giving  rise  to  the  varied  forms  of  hys- 
terical tenderness  and  neuralgic  pain,  the  locality  of  the  two  being  often 
the  same.  The  tenderness  is  frequently  superficial,  more  pain  being  pro- 
duced by  a  touch  on  the  skin  than  by  pressure  on  deeper  structures ;  such 
superficial  tenderness  is  common  on  the  skin  of  the  abdomen,  thorax  and 
scalp,  and  sometimes  affects  one-half  of  the  body.  There  is  often,  in  certain 
localities,  deep-seated  tenderness,  and  when  considerable,  the  pain  occa- 
sioned by  pressure  is  peculiarly  distressing,  radiates  to  the  chest  or  throat  or 
head,  and  tends  to  cause  the  dyspnoea,  sense  of  faintness,  globus,  and  even 
in  highly-developed  forms  of  hysteria,  convulsive  attacks.  Hence,  these 
tender  spots  have  been  termed  "  hysterogenic,"  by  Richer. 

One  of  the  most  frequent  seats  for  this  tenderness  is  the  ovarian  region, 
and  here  it  is  commonly  deep-seated.  Its  position  is  at  the  intersection  of 
a  line  joining  the  anterior  superior  iliac  spines  with  that  which  limits 
externally  the  hypogastric  region,  and  Charcot  believes  that  a  tender  body, 
which  may,  in  a  thin  patient,  be  felt  between  the  finger  and  the'  brim  of  the 
pelvis,  is  really  the  ovary,  although  in  an  opened  body  the  ovary  is  usually 
found  within  the  pelvis.  It  is  doubtful  whether  the  ovary  is  really  felt,  but 
it  is  in  many  cases  so  tender  that  its  disturbance  by  pressure  on  the  neigh- 
borhood probably  causes  pain,  and  the  adjacent  parts  may  also  be  the  seat 
of  neuralgic  tenderness,  for  Weir  Mitchell  has  observed  extreme  deep  ten- 
derness in  this  situation  when  the  ovary  could  be  felt,  by  vaginal  examina- 
tion, to  be  displaced  downward  out  of  the  usual  position.  Either  ovarian 
region  may  be  tender,  the  left  more  frequently  than  the  right,  and  if  both 
are  sensitive  the  tenderness  is  usually  greater  on  the  left  side.  Occasionally, 
as  Todd  pointed  out,  there  is  extreme  superficial  tenderness  in  a  circum- 
scribed spot  over  the  ovary.  The  deeper  sensitiveness  may  be  accompanied 
by  spontaneous  pains.  In  estimating  the  significance  of  this  symptom  it 
should  be  remembered  that  tenderness  in  this  region  is  not  uncommon  in 
women  who  are  not  hysterical. 

Another  frequent  seat  of  tenderness  is  the  spine,  especially  the  upper, 
middle,  or  lower  dorsal  region.  The  tenderness  may  be  superficial,  but 
more  frequently  it  is  deep  seated.  Spontaneous  pain  in  these  situations  is 
often  complained  of,  sometimes  severe  and  burning  in  character,  sometimes 
a  dull  aching  that  is  compared  to  toothache.  It  is  usually  increased  by 
exertion.     Occasionally  the  whole  of  the  vertebral  column  is  tender  and 


painful,  and  the  pain  seems  to  shoot  up  from  the  coccyx  to  the  occiput. 
Sacral  pain  may  be  complained  of,  but  sacral  tenderness  is  rare. 

Deep-seated  tenderness  may  be  present  in  the  left  hypochondriac  region, 
and  may  be  greater  there  than  in  the  ovarian  region.  Other  occasional 
seats  of  tenderness,  usually  superficial,  are  the  infra-mammary  regions,  and 
spots  on  the  front  of  the  abdomen  and  thorax,  or  on  each  side  of  the  dorsal 
spine  (Richer),  which  may  be  symmetrical  on  the  two  sides.  Occasionally 
there  is  superficial  tenderness  (of  the  skin  and  sometimes  of  the  muscles 
also)  over  the  whole  abdomen ;  this  simulating  the  tenderness  of  peritoneal 
inflammation  has  received  the  absurd  name  of  "false  peritonitis."  When 
there  is  general  hyperaesthesia  the  whole  surface  is  "  hysterogenic;"  a  prick 
on  the  forearm,  for  instance,  may  cause  sharp  pain,  darting  to  the  throat 
and  causing  globus. 

The  spontaneous  pain  common  in  the  left  infra-mammary  region  is  appa- 
rently identical  in  character  with  that  which  is  so  common  in  the  same  situ- 
ation in  anaemia.  Still  more  frequent,  and  very  distressing,  are  the  pains 
which  occur  in  the  head.  The  pain  is  sometimes  frontal,  temporal  or 
occipital,  but  much  more  frequently  vertical,  and  because  it  is  severe  and 
occasionally  described  by  patients  as  like  a  nail  being  driven  in,  it  has 
received  the  name  of  the  "clavus  hystericus." 

The  hyperaesthesia  of  the  special  senses  often  occasions  distress,  which 
may  be  described  as  actual  pain.  Intolerance  of  light  is  very  common,  and 
is  fostered  by  the  dark  blinds  provided  by  sympathetic  friends.  Subjective 
sensations  of  various  kinds,  may  be  complained  of;  noises  in  the  ears,  flashes 
of  light  or  color,  or,  much  less  frequently,  sensations  of  taste  or  smell. 
Pricking  or  tingling  sensations  in  the  limbs,  or  vague  feelings  of  numbness, 
are  very  common,  and  are  often  unilateral,  affecting,  for  instance,  one-half 
of  the  tongue.  Another  sensation  which  is  frequently  described  is  that  of 
cold  water  trickling  down  the  spine.  It  is  sometimes  associated  with  a  ner- 
vous .shivering,  analogous  to  that  which  is  produced  in  healthy  persons  by  a 
slight  degree  of  cold  combined  with  nervous  excitement.  Some  joint  is 
often  the  seat  of  spontaneous  pain,  attended,  it  may  be,  with  slight  swelling 
such  as  may  also  occur  in  other  parts,  apparently  from  vasomotor  disturb- 
ance. 

Lessened  sensibility  is  very  common,  although  often  overlooked  because 
the  patient  seldom  complains  of  it,  and  she  may,  indeed,  be  unaware  of  its 
existence.  Sometimes  it  occurs  on  the  legs  in  association  with  motor  weak- 
ness, but  as  an  isolated  symptom  it  usually  affects  part  or  the  whole  of  one- 
half  of  the  body,  constituting  "hysterical  hemianaesthesia,"  and  the  uni- 
lateral loss  may  be  complete  or  incomplete.  The  special  senses  are  involved 
in  a  way  that  will  be  presently  described.  When  complete,  a  touch  cannot 
be  felt ;  a  needle  may  be  run  into  the  skin  without  causing  any  sensation; 
neither  cold  nor  heat  can  be  perceived,  and  the  skin  may  even  be  burned 
without  pain.  The  loss  extends  up  to  the  middle  line,  and  may  involve  the 
mucous  membrane  of  the  conjunctiva,  nose,  mouth,  vagina,  and  also  the 
deeper  structures,  muscles  and  bones.  There  are,  however,  certain  anoma- 
81 
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lous  features.  Ovarian  and  other  deep-seated  tenderness  continues  on  the 
affected  side;  reflex  action  is  unchanged,  the  pupil  still  dilates  when  the 
skin  is  stimulated,  and  the  fingers  can  still  be  used  (if.  g.,  for  needlework) 
without  the  guidance  of  the  eye.  When  partial,  sensation  may  be  lost  to 
either  pain  or  touch,  rarely  to  temperature  only.  Often  the  sensation  of 
touch  is  lost,  and  of  pain  only  lessened ;  a  prick  may  not  be  perceived,  but 
faradaism  with  a  wire  brush  may  be  felt  acutely.  When  partial  in  distribu- 
tion, the  arm  suffers  more  than  the  leg,  and  the  loss  may  be  limited  to  the 
arm  and  cease  abruptly  at  the  shoulder  or  on  the  chest ;  the  arm  and  leg 
may  be  affected,  and  not  the  trunk  or  face.  The  loss  may  reach  the  middle 
line  in  front,  and  stop  far  short  of  it  behind.  Loss  of  tactile  sensibility 
may  be  more  extensive  than  loss  to  pain.  Occasionally  only  small  areas  are 
anaesthetic.  When  complete,  the  limbs  may  be  pale  and  colder  than  those 
of  the  other  side,  and  a  prick  may  not  bleed  ;  but  this  is,  on  the  whole,  rare. 
Usually  there  is  no  difference  in  aspect  or  vascularity;  and  the  mucous  mem- 
branes are  never  paler.  Normally,  pin-pricks  in  many  places  do  not  bleed. 
Hemianesthesia  is  more  common  on  the  left  side,  and  usually  there  is  con- 
siderable ovarian  tenderness  on  the  affected  side.  Exceptionally  I  have 
found  no  ovarian  tenderness,  or  tenderness  on  the  opposite  side. 

The  loss  may  come  on  spontaneously,  or  may  follow  a  hysteroid  fit.  It 
may  be  present  one  day  and  gone  the  next ;  in  one  such  case  a  prick  on  the 
previously  anaesthetic  arm  caused  so  much  pain  as  to  induce  a  hysteroid  con- 
vulsion, and  when  this  was  over  the  hemianaesthesia  had  returned,  in  typical 
and  complete  form.  An  increase  may  follow  the  testing  of  sensibility,  and 
it  is  possible  that  an  examination  sometimes  induces  the  anaesthesia.  The 
area  affected  may  vary  from  day  to  day,  and  may  increase  at  menstruation. 

The  anaesthesia  may  also  change  from  one  side  to  the  other  without  appa- 
rent cause,  or  such  a  "  transfer  "  may  be  induced  ;  a  phenomenon  discov- 
ered by  Charcot,  and  much  studied  in  France.  The  agents  that  cause 
the  transfer  may  be  (i)  such  as  stimulate  the  skin  and  dilate  the  vessels,  e.  g., 
blisters,  sinapisms  or  faradaism  ;  (2)  the  application  for  half  an  hour  of  cer- 
tain metals,  especially  gold,  or  of  a  large  magnet  or  electro -magnet,  which 
need  not  be  actually  in  contact  with  the  skin.  Painting  with  collodion 
sometimes  succeeds.  The  transfer  is  seldom  lasting  ;  after  a  few  hours  or 
a  day  the  loss  reverts  to  the  original  side.  In  the  elaborate  hysterics  of 
France,  sensitiveness  to  certain  metals  has  been  described  (Burq,  Dumont- 
pallier,  etc.),  and  it  has  even  been  asserted  that  patients  may  be  cured  by  the 
internal  administration  of  the  metal  to  which  they  are  externally  sensitive  ! 
Mysterious  and  unknown  forces  have  been  invoked  to  explain  the  phe- 
nomena of  "  metallo-therapy,"  but  they  have  received  little  confirmation 
elsewhere.  Wood  has  been  found  as  effective  as  gold,  and  so  has  a  mental 
shock  or  the  inhalation  of  nitrite  of  amyl.*  Metallic  idiosyncrasies  have 
been  practically  unconfirmed,  and  the  balance  of  probability  is  strongly  in 
favor  of  the  opinion  that  most  agents  act  through  the  mind  of  the  patient, 

*  See  a  case  recorded  by  Urbantschitsch,  Arch.f.  Ohrenheilk.,  13d.  xvi,  p.  171. 
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a  theory  in  harmony  with  what  we  know  of  the  pathology  of  the  disease, 
and  with  many  facts  in  its  history  which  show  how  much  care  is  needed  in 
drawing  conclusions  from  the  mysterious  blending  of  psychical  and  nervous 
disturbance  in  the  disease.  If  there  is  one  lesson  more  clearly  written  in  its 
history  than  another,  it  is  that  the  more  complex  symptoms  are  best  inter- 
preted by  the  light  of  those  that  are  more  simple. 

As  part  of  the  hemianesthesia,  and  capable  of  transfer  with  it,  there  is 
a  remarkable  affection  of  the  special  senses.  These  may  all  be  lessened  on 
the  affected  side.  The  impairment  of  vision  (carefully  studied  by  Charcot 
and  Landolt)  is  in  the  form  of  "crossed  amblyopia"  such  as  sometimes 
results  from  organic  disease  (pp.  463,  585).  Acuity  of  vision  and  the  field 
are  both  greatly  reduced  on  the  anaesthetic  side  ;  the  color  fields  are  reduced 
in  the  order  of  their  normal  extent,  and  they  may  be  lost  in  the  same  order, 
violet  first,  then  green,  red,  yellow  and  blue.  The  loss  may  be  demonstrated 
by  tne  "confusion  test  "  (see  p.  573)  as  well  as  by  the  method  of  naming 
colors.  The  effect  of  electrical  stimulation  on  the  retina  is  lessened,  but  the 
action  of  the  pupil  is  normal.  A  similar,  but  much  slighter  affection  of 
vision  may  be  found  in  the  other  eye. 

Vision  may,  as  I  have  seen,  be  sometimes  impaired  alone,  almost  always 
on  one  side.  There  may  be  absolute  loss  of  sight,  or  only  great  amblyopia 
and  reduction  of  the  field  to  a  small  area  around  the  fixing  point.  The  iris 
still  acts  perfectly  to  light,  and  the  fundus  oculi  is  normal.  The  loss  is 
usually  sudden ;  sometimes  it  follows  a  hysteroid  fit.  It  is  usually  transient, 
passing  away  in  a  few  days  or  weeks.  An  instance  of  more  permanent  loss 
of  sight  of  this  character  is  mentioned  on  p.  590 ;  in  this,  such  unilateral 
amblyopia  has  now  lasted  for  six  years,*  sometimes  improving  a  little,  and 
then  relapsing,  still  without  change  in  the  action  of  the  pupil  or  in  the 
fundus.    Very  rarely  hysterical  patients  have  transient  bilateral  loss  of  sight. 

Hearing  is  involved  in  the  hemianaesthesia,  but  scarcely  ever  alone.  The 
loss  is  usually  greater  for  sounds  conducted  through  the  bone  than  for  those 
conducted  through  the  air.f  The  nerve  also  loses  its  normal  sensitiveness 
to  electrical  stimulation. 

Motor  Symptoms. — Paralysis  is  very  common,  and  may  involve  almost  any 
part  of  the  motor  apparatus.  The  onset  may  be  sudden  or  gradual ;  it  may 
follow  a  convulsive  seizure,  or  may  be  excited  by  emotion.  Some  transient 
palsy  may  follow  each  fit,  paraplegia  after  one,  hemiplegia  after  another. 
When  the  onset  is  sudden,  the  palsy  is  usually  at  first  incomplete,  and 
increases  under  the  influence  of  the  idea  and  fear  of  loss  of  power.  It  must 
never  be  forgotten  that  the  palsy  of  an  hysterical  patient  may  not  be  wholly 
functional ;  real  paralysis  of  organic  origin  may  be  increased  by  the  mental 


state 


The  most  common  form  of  hysterical  paralysis  is  that  of  the  larynx,  caus- 
ing the  well-known  hysterical  aphonia.     There  is  loss  of  voice,  i.  e.,  of 

*  At  p.  590  the  loss  is  said  to  have  existed  two  years,  but  I  have  since  ascertained  that  the 
condition  is  still  essentially  unchanged.  f  Walton,  Brain,  Jan.  1883,  p.  458. 
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donation,  so  that  the  patient  always  speaks  in  a  whisper.  Sometimes  this 
s  merely  voluntary ;  in  a  state  of  general  hypersesthesia  the  sound  of  the 
roice  distresses  the  patient,  who  habitually  whispers,  although  perfectly  able 
o  phonate.  More  often  there  is  an  actual  inability  to  utter  vocal  sounds. 
n  the  common  form  the  laryngoscope  shows  that  the  vocal  cords  are  far 
ipart,  and  are  not  approximated  during  phonation,  as  in  health  ;  there  is 
lefective  phonic  adduction  (see  p.  693).  The  glottis  can  be  closed  efficiently 
n  coughing,  except  in  very  rare  and  extreme  cases.  Sometimes  patients  can 
ing  well,  although  speech  is  whispered,  and  they  have  been  known  to  speak 
n  a  loud  voice  during  sleep.  A  scream  may  often  be  obtained  by  strong 
aradaism  applied  either  outside  or  inside  the  larynx.  Hysterical  aphonia 
nay  come  on  spontaneously,  but  is  frequently  excited  by  emotion;  a 
:ircumstance  which  is  not  surprising  when  it  is  remembered  that  the  larynx 
s  the  channel  through  which  certain  emotions  are  most  readily  manifested. 
;t  is  also  occasionally  excited  by  laryngeal  catarrh — the  real  loss  of  voice 
"rom  cold  persisting  after  the  catarrh  has  ceased.  The  aphonia  is  not 
lsually  attended  by  any  unpleasant  sensation,  but  in  one  severe  case  the  loss 
)f  voice  was  referred  to  a  feeling  "  as  if  a  bar  of  iron  were  laid  across  the 
:hest."  Speech  often  returns  suddenly.  The  duration  of  the  aphonia  is 
:xtremely  variable,  and  it  is  prone  to  relapse.  One  patient  had  been 
[phonic  for  ten  years,  with  occasional  intervals  during  which  the  slightest 
right  would  at  once  remove  her  voice. 

Paralysis  of  the  abductors  of  the  vocal  cords  is  an  exceedingly  rare  con- 
equence  of  hysteria.  The  symptoms  are  those  described  in  the  account  of 
aryngeal  paralysis.  A  few  cases  are  on  record,  and  I  have  seen  one  very 
itriking  instance,  mentioned  on  p.  693.  It  is  probable  that  this  paralysis  in 
lysteria  has  been  sometimes  mistaken  for  laryngeal  spasm. 

In  rare  cases  of  hysterical  aphonia,  the  tongue  shares  the  laryngeal  inac- 
ion,  and  loss  of  articulation  is  added  to  that  of  phonation,  so  that  even 
vhispered  speech  is  lost,  and  the  patient  can  express  herself  only  by  signs. 
[n  one  girl,  any  sudden  emotion  would  induce  this  state ;  it  was  accom- 
panied by  a  sensation  "as  if  the  tongue  were  being  twisted  up."  Simple 
iphonia  may  deepen  into  such  absolute  speechlessness.  Sometimes  there  is 
t  form  of  respiratory  stammering.  In  a  girl  with  hysteroid  fits,  one  or  two 
ieep  inspirations  always  preceded  every  attempt  to  speak,  and  sometimes 
nterrupted  a  sentence  or  a  word.  During  her  fits  she  talked  with  perfect 
luency.  Rarely,  actual  stammering  may  be  a  part  of  severe  hysterical 
listurbance. 

Paralysis  of  the  limbs  is  also  common,  and  may  assume  the  form  of  hemi- 
plegia, of  paraplegia,  or  of  general  loss  of  power.  Certain  forms  of  hys- 
erical  ataxy  of  movement  may  also  be  ranked  in  the  same  category.  In 
his  country  paraplegia  is  certainly  more  common  than  hemiplegia.  As  a 
ule,  the  onset  in  all  forms  is  sudden,  and  often  follows  some  emotion.  The 
oss  of  power  is  usually  moderate  in  degree  at  first,  and  gradually  increases. 
The  power  which  remains  is  put  in  action  irregularly.  Resistance  to  passive 
novement,  for  instance,  is  not  sustained,  but  varies,  at  one  moment  being 
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slight,  at  another  considerable.  If  an  attempt  is  made  to  execute  a  give 
movement,  opponents  of  the  acting  muscles  may  be  felt  to  contract.  If  t\ 
patient,  for  instance,  attempts  to  extend  the  knee,  the  flexors  of  the  km 
may  contract  so  as  to  prevent  any  movement.  When  there  is  some  pow< 
of  movement,  this  is  accompanied  by  tremor,  presently  to  be  describee 
There  is  no  muscular  atrophy,  or  only  very  slight  wasting  from  long  disusi 
Electric  irritability,  as  a  rule,  remains  perfectly  normal.  So  constantly 
this  true,  that  the  nature  of  the  rare  cases  in  which  a  marked  change  in  elei 
trie  irritability  has  been  found,  is  open  to  grave  doubt.  Loss  of  sensatio 
may  or  may  not  be  conjoined  with  the  loss  of  power. 

Paraplegia  is  excited  by  emotion  with  especial  frequency.  Even  in  healt 
a  sensation  of  weakness  in  the  legs  may  be  caused  by  sudden  alarm,  an 
this,  in  hysteria,  may  be  followed  by  a  progressive  loss  of  power.  It  is  con 
mon  for  the  onset  of  persistent  weakness  to  be  preceded  by  occasion; 
momentary  "giving  way  of  the  legs,"  at  once  recovered  from — averycha 
acteristic  feature. 

In  other  cases,  some  unpleasant  sensation  or  pain  in  the  legs  seems  t 
excite  the  palsy.  The  pain  may  be  that  of  a  real  disease,  or  it  also  may  t 
of  hysterical  origin,  and  to  its  influence  that  of  emotion  is  frequently  adde( 
Spinal  pain  is  very  common  in  these  cases,  and,  being  increased  by  standing 
may  distinctly  excite  the  paralysis. 

There  is  rarely  absolute  loss  of  power ;  the  legs  can  commonly  be  move 
about  in  bed,  although  slowly  and  jerkily,  but  on  an  attempt  to  stand,  the 
give  way  at  once,  and  the  patient  sinks  to  the  ground.  If  the  loss  of  pow< 
is  slighter  in  degree,  the  patient  may  be  able  to  walk  a  little,  but  with  slov 
.short,  shuffling  steps,  rarely,  however,  catching  the  toes  against  the  grounc 
Retention  of  urine  is  uncommon,  and  there  is  never  incontinence  of  eithi 
urine  or  feces.  Myotatic  irritability  may  be  perfectly  normal ;  it  is  so  i 
more  than  half  the  cases.  In  many,  however,  especially  in  those  with  pe 
sistent  spinal  tenderness,  there  is  slight  increase  of  this  irritability;  the  kn« 
jerk  is  excessive,  and  the  patient  is  peculiarly  sensitive  to  the  tap  on  tr 
patellar  tendon  or  on  the  top  of  the  depressed  patella,  which  causes  a  refle 
start  or  jerk  of  the  trunk  and  often  a  sharp  pain  in  the  back.  On  the  oth< 
hand,  when  there  is  no  excess,  the  knee  jerk  may  seem  to  be  absent,  but  th 
is  always  due  to  the  movement  of  the  leg  being  prevented  by  involuntai 
tonic  contraction  of  the  flexors  of.  the  knee,  detected  without  difficulty  by 
finger  placed  on  the  hamstring  tendons.  As  a  rule  there  is  no  foot  clonu: 
A  uniform  persistent  clonus,  such  as  is  so  common  in  organic  disease, 
extremely  rare,  but  occasionally  a  spurious  clonus,  due  to  a  half-voluntar 
contraction  in  the  calf  muscles,  may  be  found.  When  the  foot  is  first  presse 
back  there  is  no  clonus,  but  presently  a  contraction  in  the  calf  causes 
slight  extension  movement  of  the  foot,  and  with  it  a  clonus  occurs,  whic 
varies  from  moment  to  moment,  sometimes.almost  ceasing,  and  again  renewe 
by  a  fresh -contraction  of  the  muscle.  This  form  is  characteristic  of  hysteri; 
When  there  is  a  true  characteristic  clonus  it  is  probable  that  there  is  a  cot 
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siderable  alteration  in  the  nutrition  of  the  motor  elements,  although  this  mai 
have  arisen  from  a  primary  functional  disturbance. 

Hemiplegia  sometimes  comes  on  suddenly,  but  more  often  slowly.  It  i: 
at  least  three  times  as  frequent  on  the  left  side  as  on  the  right.  The  loss  o 
power  is  never  complete;  the  leg  is  often  more  affected  than  the  arm.anc 
the  face  always  escapes  entirely — important  distinctions  from  hemiplegia  o 
organic  source.  Loss  of  sensation  usually  accompanies  the  loss  of  power 
but  is  more  extensive  in  its  distribution,  affecting  often  the  face  and  specia 
senses.  Reflex  action  from  the  skin  is  not  lessened  on  the  paralyzed  side,  a 
it  so  often  is  in  ordinary  hemiplegia.  The  knee  jerk  may  be  normal  or  i 
may  be  increased,  sometimes  on  both  sides.  The  spurious  foot  clonus  jus 
described  may  sometimes  be  obtained  on  the  affected  side  and  not  on  thi 
other.  The  jerky  character  of  the  muscular  contraction  in  the  arm  ma; 
render  its  movement  unsteady,  when  the  leg  is  simply  weak.  Not  rarel; 
some  persistent  contracture  of  arm  or  leg  accompanies  the  palsy. 

Bilateral  paralysis,  a  sort  of  double  hysterical  hemiplegia,  is  sometime 
observed,  although  loss  of  sensation  may  be  one-sided.  In  one  case,  a  montl 
after  a  whitlow  on  the  finger,  the  patient,  a  girl,  had  some  general  pain,  fol 
lowed  by  inability  to  move  the  legs  or  arms,  to  swallow,  or  to  speak.  Th 
fingers  became  strongly  flexed,  with  the  thumb  thrust  between  the  two  middl 
fingers.  In  this  state  she  lay  for  a  month.  Then  the  fingers  became  relaxed 
the  arms  were  moved  a  little,  and  at  times  a  word  or  two  was  jerked  out  witl 
difficulty.  The  influence  of  faradaism  restored  her  speech  in  a  few  days,  am 
in  a  fortnight  she  had  regained  full  power  of  limb. 

Disorder  or  ataxy  of  movement  occurs  in  the  hysterical  in  many  forms 
and  may  exist  alone  or  accompany  loss  of  power.  One  form,  well  describe! 
by  Briquet,  in  which  movements  are  steady  under  the  guidance  of  the  ey 
but  become  irregular  as  soon  as  this  guidance  is  withdrawn,  is  apparentl 
due  to  muscular  anaesthesia.  But  this  pathological  condition  has  bee 
invoked  without  sufficient  reason  to  explain  other  forms  of  incoordination 
The  varying  force  of  muscular  contraction,  which  may  be  often  recognize 
in  the  resistance  to  passive  movement,  imparts  a  jerky  unsteadiness  to  voluti 
tary  movements.  Sometimes  these  are  steady  enough  while  the  patient  is  i 
bed,  but  on  standing  she  at  once  sways,  first  to  one  side  and  then  to  th 
other.  Or,  without  any  loss  of  cutaneous  or  muscular  sensibility,  the  patier 
may  be  unable  to  stand  with  the  eyes  closed,  although  perfectly  steady  whe 
the  eyes  are  open,  the  effect  of  closure  being  greater  than  is  ever  seen  i 
true  ataxy  apart  from  impairment  of  sensation.  In  other  cases  there  is 
tendency  to  fall  backward. 

In  the  functions  of  the  cranial  nerves,  the  only  other  paralytic  affectio 
of  hysterical  origin  is  the  peculiar  form  of  simulated  ptosis  described  ; 
p.  621. 

Inaction  of  the  diaphragm  in  hysterical  patients  may  closely  simulate  a  trt: 
paralysis.  The  diaphragm  naturally  acts  less  in  women  than  in  men,  arid  ma 
take  little  or  no  share  in  deep  voluntary  breathing,  which  is  chiefly  effecte 
by  the  superior  thoracic  muscles.     In  proportion  as  respiration  is  influence 
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by  the  will  the  diaphragm  is  inactive.  The  effect  of  observation  on  an  hys 
terical  patient  may  be  to  render  the  breathing  almost  wholly  volitional  am 
to  throw  the  diaphragm  out  of  action.  Repeated  examination,  and  the  diver 
sion  of  the  patient's  attention,  will  generally  reveal  the  absence  of.  rea 
paralysis. . 

Spasmodic  Affections. — The  Protean  character  of  hysterical  disorders  i 
nowhere  more  conspicuous  than  in  the  varied  forms  of  spasmodic  affectioi 
to  which  the  disease  may  give  rise.  They  may  be  persistent  or  paroxysmal 
the  former  class  includes  the  form  of  tonic  spasm,  or  contracture,  and  th 
persistent  varieties  of  clonic  spasm  ;  the  latter  comprehends  the  variou 
degrees  and  forms  of  hysterical  convulsion. 

The  term  "  contracture  "  is  applied  to  the  condition  in  which  the  muscle 
become  rigid  in  tonic  spasm,  fixing  a  limb  or  limbs  in  a  certain  posture,  fo 
a  few  minutes  or  for  a  longer  time.  The  contracture  commonly  succeed 
a  hysteroid  fit.  Occasionally  it  is  excited  by  some  local  injury  or  local  pain 
as  that  of  neuralgia  or  rheumatism  ;  less  commonly  it  comes  on  spontaneously 
In  most  cases  it  is  uniform  while  it  lasts,  but  occasionally  the  muscular  spasr 
may  be  felt  to  vary  in  intensity  from  time  to  time.  It  is  usually  greates 
when  attempts  are  made  to  overcome  it ;  the  varying  resistance  of  th 
muscles,  then  felt,  is  characteristic,  and  of  much  diagnostic  importance.  Th 
contracture  usually  persists  during  ordinary  sleep,  and  is  only  relaxed  by  th 
deepest  chloroform  narcosis.  In  extremely  rare  cases,  in  which  it  ha 
existed  unchanged  for  years,  structural  alterations  appear  to  take  place  in  th 
muscles ;  the  contracture  leads  to  organic  shortening,  and  can  no  longer  b 
removed  even  by  chloroform  (Charcot). 

One  form  of  contracture  is  that  of  the  muscles  of  mastication,  causing  hys 
terical  trismus,  in  which  the  teeth  cannot  be  separated  for  more  than  a  quai 
ter  of  an  inch..  Usually  succeeding  a  fit,  it  often  continues  until  anothe 
convulsion,  and  then  is  gone.  Sometimes  it  comes  on  spontaneously.  I 
seldom  lasts  more  than  a  few  days,  but  it  is  prone  to  recur.  One  patient 
for  instance,  had  an  attack,  lasting  a  quarter  of  an  hour,  three  or  four  time 
a  day  for  several  weeks.  Very  rarely  there  is  transient  contracture  in  th 
depressors  of  the  jaw,  keeping  the  mouth  wide  open. 

Contracture  in  the  limbs  may  involve  the  arm,  alone  or  with  the  leg  on  th 
same  side,  or  the  two  legs  may  be  affected,  or  it  may  be  general.  The  arr 
is  the  most  frequent  seat.  It  is  always  rigid  in  flexion  ;  the  elbow  is  bent  a 
a  right  angle,  or  even  still  more  flexed  ;  the  wrist  is  flexed  ;  the  fingers  ar 
sometimes  flexed  at  all  joints,  as  in  the  "  late  rigidity  "  of  hemiplegia,  wit 
the  thumb  within  them  or  thrust  between  the  first  and  second  fingers.  Th 
contracture  in  the  fingers  is  not  lessened,  when  the  wrist  is  passively  flexec 
as  it  is  in  the  late  rigidity  of  hemiplegia.  Sometimes  the  digits  are  flexe 
at  the  metacarpo-phalangeal,  and  extended  at  the  distal  joints,  as  in  athc 
tosis,  from  the  preponderant  contracture  of  the  interbssei ;  the  posture  the 
resembles  tetany.  The  forearm  may  be  pronated  or  supinated.  Contrat 
ture  in  the  arm  may  follow  a  fit,  and  may  be  transient  or  continue  ti 
another  fit.     Injury  is  a  yery  common  cause  of  contracture  ;  from  this  caus 


1304  HYSTERIA. 

it  usually  comes  on  gradually  and  slowly;  while  local,  it  is  often  thought 
to  be  due  to  a  neuritis,  but  if,  as  is  sometimes  the  case,  it  spreads  beyond  the 
arm,  involving  the  leg  on  the  same  side,  or  becoming  universal,  its  nature  is 
clear.  As  an  instance  of  this  cause  may  be  mentioned  the  case  of  a  girl  of 
sixteen,  who  let  a  hot  iron  fall  on  her  left  wrist,  burning  it  slightly.  Imme- 
diately she  felt  a  pain  in  the  thumb  and  lost  feeling  in  it.  A  week  later,  and 
in  the  course  of  a  few  days,  first  the  thumb  and  then  the  fingers  became 
flexed  and  rigid,  one  after  another.  Then  the  elbow  became  partially  flexed, 
and  soon  afterward  the  foot  was  strongly  extended  and  the  toes  bent  down- 
ward. In  the  hand  and  foot  there  was  fine  tremor  during  observation.  Sen- 
sibility was  lost  in  the  whole  arm  but  nowhere  else.  Ovarian  tenderness' 
existed  on  the  same  side,  and  the  contracture  could  be  partially  removed  by 
firm  pressure  there,  or  by  faradization  of  the  limbs,  but  quickly  returned. 
Under  moral  treatment,  however,  it  gradually  passed  away,  and  at  the  end  of 
two  months  no  trace  of  it  remained. 

Hemiplegic  contracture,  such  as  the  above  case  illustrates,  is  not  very  rare. 
Some  loss  of  power  is  usually  associated  with  it,  and,  as  in  simple  paralysis, 
the  face  is  always  free  from  rigidity.  Anaesthesia  is  rarely  absent  on  the  hemi- 
spastic  side,  and  the  loss  of  sensibility  may  be  complete  and  involve  the  face 
and  trunk  as  well  as  the  limbs.  Sometimes,  as  in  the  above  case,  the  loss  of 
sensibility  is  partial  and  is  confined  to  the  most  contractured  limb,  or  there 
may  be  absolute  loss  in  it  and  a  slighter  loss  over  the  whole  of  that  side, 

The  contrast,  in  the  case  just  described,  between  the  form  of  spasm  in  the 
arm  and  leg,  is  common  to  almost  all  cases  of  hysterical  contracture  ;  the 
arm  is  fixed  in  flexion,  the  leg  in  extension,  and  the  latter  may  be  trans- 
formed into  a  rigid  bar,  fixed  to  the  pelvis  by  unyielding  spasm,  with  the 
heel  so  drawn  up  that  the  dorsum  of  the  foot  is  in  a  line  with  the  front  of 
the  leg.  The  foot  is  commonly  inverted  and  the  toes  flexed.  Partial  con- 
tracture affects  most  the  extremity  of  the  limb.  In  these  slighter  cases  the 
toes  may  be  over-extended,  in  spite  of  the  heel  being  raised.  In  hysterical 
contracture  with  extension  of  the  ankle,  the  foot  clonus  can  often  be 
obtained,  as  Charcot  has  shown.  It  is  analogous  to  the  physiological 
clonus,  which  occurs  in. most  persons  after  standing  for  some  time  on  tip- 
toe. . 

Paraplegic  contracture,  affecting  both  legs,  is  decidedly  less  common. 
The  position  of  the  legs  is  that  already  described,  rigid  extension  ;  the 
flexor  spasm,  occasionally  seen  in  organic  disease,  is  scarcely  ever  met  with 
in  hysteria.     In  very  rare  cases  the  contracture  affects  all  four  limbs. 

Contracture,  in  any  form,  often  disappears  suddenly  under  the  influence 
of  emotion.  Charcot  has  related  several  cases  in  which  severe  rigidity,  of 
very  long  duration,  was  removed  by  strong  emotion,  not  induced  with  any 
therapeutic  aim. 

Faradization  of  the  limb  may  also  remove  it  in  some  cases,  and,  when  the 
current  is  not  so  strong  as  to  exhaust  the  irritability  of  the  nerves,  the  agency 
by  which  it  acts  is  probably  psychical.  Usually,  repeated  applications  are 
required,  but  sometimes  the  effect  is  instantaneous.     One  patient  was  thus 
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cured  in  a  moment,  but  months  later  relapsed,  and  then  all  treatment  faile 
until  she  fell  into  the  hands  of  a  "miracle  worker,"  at  whose  touch  th 
spasm  vanished  amid  the  plaudits  of  a  public  audience. 

Severe  forms  of  contracture  may  last  for  years,  and,  as  already  stated,  th 
changes  in  nutrition  which  follow,  at  a  distance,  the  disturbances  of  fun< 
tion,  may,  in  time,  attain  such  structural  degree  that  the  contracted  muscle 
are  permanently  shortened.  There  is  reason  to  believe  that  changes  in  th 
spinal  cord  may  also  result  from  the  enduring  functional  disturbance,  and 
after  long  years  of  spasm,  sclerosis  may  develop.  Charcot  has  records 
such  a  case,  in  which  the  contracture  was  certainly  at  first  functional,  disaj 
pearing  from  time  to  time,  but  ultimately  it  became  unchanging,  and  afte 
death  the  lateral  columns  of  the  cord  were  found  sclerosed.  It  is  to  b 
noted  that  this  change,  as  a  primary  lesion,  is  expressed  by  the  same  exten 
sor  spasm  as  constitutes  hysterical  contracture,  though  slighter  in  degree 
"  Plastic  contracture  "  may  be  present  in  the  condition  of  induced  sleep  o 
hypnotism,  to  be  mentioned  later. 

The  contractures  described  above  involve  groups  of  muscles  according  ti 
their  function.  A  part  of  a  muscle  may  also  pass  into  a  state  of  spasmodi 
contraction,  evidenced,  not  by  the  distortion  of  the  parts  to  which  it  i 
attached,  but  by  the  swelling  of  the  muscular  substance.  A  local  "  tumor ' 
is  thus  produced,  which  may  simulate  a  morbid  growth.  Several  instance 
of  this  have  been  recorded  by  Weir  Mitchell ;  the  swelling  was  in  th 
calf  in  two,  in  the  pectoralis  major  in  a  third,  the  contracted  part  rising  hal 
an  inch  above  the  adjacent  muscle.  Allied  in  nature,  although  less  simpl 
in  mechanism,  are  the  "phantom  tumors"  of  the  abdomen,  in  which  th"i 
middle  part  of  the  belly,  usually  below  the  umbilicus,  becomes  prominen 
and  appears  as  if  bulged  forward  by  a  mass  within.  The  mechanism  b; 
which  it  is  produced  appears  to  be  a  relaxation  of  the  rectus  and  a  spasmodic 
contraction  of  the  diaphragm ;  the  intestines,  often  distended  with  flatus 
are  pushed  forward  in  the  region  where  the  wall  is  lax.  An  arching  of  thi 
vertebral  column  may  sometimes  contribute  to  the  effect.  Occasionally  th( 
enlargement  of  the  abdomen  is  general,  the  wall  being  everywhere  lax  anc 
the  diaphragm  contracted.  The  swelling  disappears  under  chloroform,  and 
as  it  goes,  the  liver  dullness  may  be  observed  to  rise  in  consequence  of  thi 
relaxation  of  the  diaphragm.  The  peculiar  affection  termed  "  tetany"  (p 
1050)  sometimes  occurs  in  the  subjects  of  hysteria,  but  it  is  usually  trifling  ii 
degree,  and  is  limited  to  the  hands.  In  some  cases  of  hysterical  tetanok 
contracture  the  fingers  are  extended  and  separated  by  the  spasm. 

Clonic  Spasm. — Tremor  is  very  common  in  the  hysterical,  especially  as  ai 
accompaniment  of  paralysis  and  contracture.  It  is  rarely  constant,  but  i 
usually  evoked  by  movement  and  excitement.  Frequently  it  does  not  attenc 
the  commencement  of  movement,  but  if  the  muscular  action  in  the  arms  o 
legs  is  maintained  for  a  few  moments,  the  limb  is  agitated  by  fine  quid 
tremor,  varying  in  degree  and  in  time,  always  increased,  and  sometimes  dis 
tinctly  induced,  by  attention,  and  when  the  mind  is  diverted  the  tremo; 
may  cease.     When  the  legs  are  the  seat  of  contracture  the  shaking  is  oftei 
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caused  by  attempts  to  move  them,  or  even  by  the  manipulation  of  a  medical, 
examination.  In  air  these  respects  it  differs  from  the  tremor  of  paralysis 
agitans,  while  the  fineness  of  the  tremor,  and  the  absence  of  actual  inco- 
ordination, distinguish  it  from  that  of  disseminated  sclerosis. 

Such  tremor,  widening  in  range  into  what  deserves  the  name  clonic  spasm, 
is  occasionally  paroxysmal,  affecting  the  head  or  limbs,  produced  by  emo- 
tion, and  often  to  some  extent  under  voluntary  control.  A  young  unmar- 
ried man,  of  highly  nervous  temperament,  was  liable  to  outbursts  of  hysteria, 
of  which  such  clonic  spasm  was  an  invariable  part.  Under  the  excite- 
ment of  a  medical  examination,  for  instance,  his  head  began  to  shake  vio- 
lently. He  said  that  the  shaking  in  the  head  distressed  him  peculiarly,  and 
that  he  could  by  an  effort  send  the  shaking  into  his  leg,  where  it  was  much 
more  bearable.  Presently  the  right  leg  quivered  in  quick  spasm,  approach- 
ing in  rapidity  the  foot  clonus,  and  the  head  was  still.  Similar  spasm,  gen- 
eral in  distribution,  is  a  conspicuous  feature  of  many  of  the  hysteroid 
convulsions  presently  to  be  described. 

Local  and  persistent  clonic  spasm  is  a  most  troublesome  but  happily  a  rare 
symptom  of  hysteria.  An  example  of  it  was  presented  by  a  girl  who  had 
two  attacks  of  such  spasms  in  the  left  pectoralis  muscle,  jerking  the  shoulder 
forward  with  great  force.  The  spasm  was  regular  in  time,  but  irregular  in 
force,  and  during  the  waking  hours  it  never  ceased.  Each  attack  lasted  for 
several  months.  A  circular  blister  around  the  arm  arrested  the  first,  but 
had  no  effect  upon  the  second,  which  resisted  all  treatment  until  a  journey 
to  the  South  of  Europe  cured  it.  A  similar  spasm  may  sometimes  be  seen 
in  the  muscles  of  the  neck,  causing  a  sort  of  spurious  torticollis.  It  is  usu- 
ally bilateral,  jerking  the  head  backward  or  forward  ;  the  movement  is  slight 
in  range  and  quick  in  time,  and  thus  differs  from  the  more  extensive  and 
deliberate  movements  presently  to  be  described. 

Certain  forms  of  widely-distributed  clonic  and  irregular  spasmodic  move- 
ments have  been  called  "hysterical  chorea,"  but  they  differ  much  in  their 
characters,  and  to  most  of  them  the  term  chorea  can  only  be  applied  when 
used  as  a  generic  designation  for  all  persistent  involuntary  movements.  It  is 
not  uncommon,  however,  for  witnessed  chorea  to  be  reproduced  by  the 
imitative  tendency  of  hysteria,  and  the  mimetic  malady  may  closely  resem- 
ble its  original,  the  movements  being  varied  and  irregular ;  but  much  more 
often  the  muscular  contractions  are  more  sudden  and  shock-like  than  in  true 
chorea,  resembling  in  this  the  "  electric  "  form.  The  imitative  form  is 
usually  transient,  and  quickly  vanishes  when  the  patient  is  withdrawn  from 
the  influence  of  example.  Occasionally,  similar  forms  of  choreoid  affection 
come  on  in  these  patients  apart  from  imitation,  and  these  are  frequently  most 
obstinate  affections,  lasting  sometimes  for  years.  Often  the  movements,  in 
the  hands  especially,  have  a  rhythmical  character.  There  may  be,  for 
instance,  quick,  regular,  flexor  movements  of  the  fingers  of  each  hand,  all 
joints  being  bent.  The  movement  is  always  increased  by  notice,  and  as  it 
lessens  in  degree  it  may  occur  only  when  the  attention  is  directed  to  it. 

Rhythmical  movements  of  more  complex,  and,  therefore,  more  deliberate 
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character,  and  of  wider  range,  have  also  been  included  under  the  ter 
"  hysterical  chorea"  by  the  French  (after  Germain  See,  etc.,)  and  consl 
tute  the  disease  long  known  as  "chorea  major"  by  the  Germans  Tl 
movements  are  wide  in  range  and  regular  in  sequence,  and  consist  of  alte 
nating  contractions  in  opposing  muscles,  especially  the  flexors  and  extenso 
of  limbs  and  trunks  j  they  cause  an  oscillatory  motion  as  regular  as  tl 
movement  of  a  pendulum,  ceasing  only  during  sleep,  and  lasting  for  day 
weeks  or  months.  The  head  may  be  thus  moved  from  side  to  side,  bad 
ward  or  forward,  the  jaws  up  and  down  ;  or,  less  commonly,  the  tongi 
may  be  alternately  protruded  and  withdrawn,  the  eyelids  rapidly  closed  an 
opened.  Much  more  frequently  one  limb  is  thus  moved,  or  the  arm  an 
leg  on  one  side,  with  or  without  the  trunk,  very  rarely  all  four  limb: 
Briquet  has  related  a  case  in  which  the  leg  was  flexed  until  the  foot  louche 
the  forehead  and  again  extended,  in  regular  sequence,  for  more  than  a  yeai 
in  spite  of  treatment,  until  the  movements  were  arrested  by  a  violer 
emotion.* 

Rhythmical,  coordinated  spasm  of  these  forms  is  analogous,  as  Charcc 
has  pointed  out,  to  that  which  occurs,  in  paroxysmal  form,  in  many  hystei 
oid  convulsions.  In  all  cases  it  is  probably  pathognomonic  of  hysteria 
and  may  occur  at  the  onset  of  other  forms  of  hysteroid  affection.  A  girl  c 
seventeen,  while  at  supper,  became  suddenly  faint,  and  immediately  the  righ 
arm  became  the  seat  of  rhythmical  flexion  and  extension  movements ;  ii 
half  an  hour  the  leg  was  affected  in  the  same  way,  and  then  the  other  limbs 
and  for  five  or  six  hours  these  movements  went  on  without  any  spasm  in  th 
trunk.  They  ceased  when  sleep  was  obtained  by  a  hypodermic  injection  o 
morphia,  and  there  was  no  return,  but  the  patient  woke  to  pass  into  a  stati 
of  contracture  and  paresis  which  lasted  for  several  months. 

Convulsive  Attacks. — Among  the  paroxysmal  symptoms  must  be  includec 
the  most  frequent  of  all  hysterical  phenomena,  the  globus  hystericus,  and  thi 
paroxysmal  manifestations  of  emotion,  which  have  been  already  described 
Just  as  emotion  is  naturally  expressed  by  muscular  actions,  in  the  "jump 
ing  for  joy  "  of  a  happy  child,  the  stamping  of  rage,  or  the  wrung  hands  o 
distress,  so  the  violent  emotional  discharge  of  hysteria  may  be  associated 
in  more  severe  cases,  with  violent  movements  of  the  limbs,  purposive  ii 
aspect,  but  purposeless  in  aim.  The  arms  and  legs  are  dashed  about  witl 
violence,  the  head  is  thrown  from  side  to  side,  the  back  may  be  arched  b) 
contractions  of  the  spinal  muscles.  This  is  the  mildest  form  of  hysterica 
convulsion,  unaccompanied  by  loss  of  consciousness — the  "hysteria  minor' 
of  the  French. 

In  still  further  degrees  of  intensity  the  convulsive  phenomena  becom< 
much  more  complex  and  severe.  The  attacks  occur  with  less  dependence 
on  exciting  emotion,  and  present  more  distinct  alteration  in  the  mental 
state.     These  are  the  attacks  of  "  hysteria  major  "  of  the  French,  and  from 

*  A  striking  example  of  unilateral  spasm  of  this   character  is  related  by  Charcot,  Brit. 
Med.Journ.,  1878,  i,  p.  221. 
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a  frequent  resemblance  to  epileptic  attacks,  they  have  long  been  known  by 
some  compound  name,  and  especially,  through  the  influence  of  Charcot,  as 
"  hystero-epilepsy. "  The  term,  however,  applied  as  it  is  to  phenomena  of 
pure  hysteria,  is  open  to  the  objection  of  definite  inaccuracy,  and  it  is  better  to 
call  these  seizures  "  hysteroid  "  (a  term  suggested  by  Sir  W.  Roberts),  which, 
although  not  perfect,  is  at  any  rate  intelligible  and  not  materially  inexact. 

In  the  severe  attacks,  rigid  fixation  of  the  trunk  and  limbs,  often  opistho- 
tonic,  alternates  with  wild  movements,  in  which  the  limbs  are  thrown  about 
with  great  force  and  rapidity,  the  arms  strike  out,  the  legs  kick,  the  head  is 
dashed  from  side  to  side.  These  phenomena  may  be  varied  by  quiet  inter- 
vals, often  attended  by  hallucinations  or  delirium.  Consciousness  may  be 
apparently  lost,  or  manifestly  perverted,  and,  as  a  rule,  the  patient  retains 
no  recollection  of  the  fit.  In  the  most  severe  and  elaborate  forms  of  attacks, 
such  as  occur  especially  among  the  French,  certain  stages  may  be  distin- 
guished, of  which  Richer  has  given  careful  descriptions  and  striking  illus- 
trations.* The  attack  is  often  preceded  by  a  period  of  mental  disturbance, 
with  hallucinations.  The  onset  is  attended  with  sudden  loss  of  conscious- 
ness, and  general  tonic  spasm,  followed  by  clonic  spasm.  These  constitute 
the  first  or  "  epileptic  "  stage.  Then,  sometimes  after  a  brief  interval  of 
coma,  the  second  stage  of  coordinated  spasm,  or  "  grands  mouvements," 
comes  on,  opisthotonos,  bounding  movements  of  extreme  violence,  suc- 
ceeded by  the  third  stage  of  mental  and  emotional  disturbance,  in  which  the 
patient  talks  deliriously  with  manifestations  of  joy,  anger,  or  erotism.  Ten- 
derness of  the  ovarian  region  is  almost  always  present,  and  by  pressure  there 
a  fit  of  the  above  description  may  be  at  any  time  induced,  or  may  at  any 
period  of  the  attack  be  at  once  arrested. 

In  this  country  the  attacks  rarely  correspond  closely  to  this  description  ; 
they  present  similar  phenomena,  but  in  less  regular  sequence,  and  often  in 
isolated  form.  The  initial  stage  seldom  presents  any  close  resemblance  to 
an  epileptic  fit.  There  is  often  initial  tonic  rigidity,  and  this  is  sometimes 
followed  by  a  form  of  clonic  spasm,  succeeded  by  the  coordinated  move- 
ments, but  the  clonic  spasm  differs  from  that  which  occurs  in  epilepsy,  and 
not  unfrequently  the  patient  passes  at  once  into  the  violent  coordinated 
movements,  in  which  tonic  and  clonic  spasm  occurs  from  time  to  time. 

It  may  be  well  to  consider  separately  the  various  phenomena  of  these 
attacks  as  they  are  met  with  in  this  country.  Their  occurrence  is  often  dis- 
tinctly aided  by,  or  due  to,  emotional  disturbance — prolonged  annoyance 
or  sudden  alarm.  The  premonitory  mental  disturbance  with  hallucination 
is  never  met  with,  but  the  attacks  are  often  preceded  for  some  hours  by 
headache  or  some  general  dysesthesia.  Immediate  warnings  are  not 
uncommon,  especially  a  sense  of  illness,  the  throat  globus,  giddiness,  palpi- 
tation of  the  heart,  or  some  sensation  commencing  in  both  feet  and  ascend- 
ing to  the  head.  These  warnings  are  common  in  pure  hysteroid  fits,  but  it  is 
important  to  remember  that  these  attacks  sometimes  occur  as  sequelae  to 
epileptic  fits  of  slight  or  moderate  severity  (see  pp.  1089,  1093),  the  warning 

*  Etudes  cliniques  sur  l'Hystero-epilepsie,"  Paris,  1881. 
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of  which  must  not  be  mistaken  for  the  warning  of  the  hysteroid  attacl 
Usually,  at  the  moment  of  the  onset,  there  is  no  change  in  the  color  of  th 
face,  but  sometimes  there  is  pallor  for  some  minutes  before  the  attack  com< 
on.  The  patients  fall  to  the  ground,  sometimes  with  considerable  violenc* 
but  they  never  suffer  the  injuries  so  common  in  epilepsy  from  falls  upon  dar 
gerous  objects  or  on  the  fire.  Very  often  the  fall  is  gradual,  a  sliding  to  th 
ground  rather  than  a  fall.  When  there  is  initial  tonic  spasm,  the  limbs  ar 
usually  rigid  in  extension,  the  toes  pointed  downward.  The  arms  may  li 
by  the  side  of  the  body,  or  be  extended  at  right  angles  to  the  trunk  in  th 
attitude  designated  "cruciform"  by  Charcot.  The  fingers  are  usuall 
flexed  at  all  joints,  the  fists  being  clenched.  There  is  never,  in  this  stags 
the  "interosseal  position" — the  flexion  of  the  metacarpo-phalangeal  am 
extension  of  the  other  phalangeal  joints  which  results  from  preponderan 
spasm  in  the  interossei,  and  is  so  common  in  epilepsy,  and  in  some  hysteri 
cal  contractures.  During  the  existence  of  the  tonic  stage,  the  foot  clont 
can  often  be  obtained,  as  Charcot  has  pointed  out. 

The  opisthotonic  spasm  is  one  of  the  most  characteristic  features  of  hys 
teroid  convulsion.  It  is  the  arc  en  cercle  of  French  writers.  It  occur 
especially  during  the  stage  of  coordinated  movements,  rarely  at  the  com 
mencement  of  the  fit,  although  the  initial  tonic  spasm  may  pass  into  it 
There  may  be  only  slight  arching  of  the  spine,  or  the  contraction  of  th 
extensor  muscles  may  be  so  severe  that  the  patient  rests  on  the  back  of  th 
head  and  the  heels,  and,  in  extreme  cases,  the  trunk  is  pushed  up  by  th 
feet,  and  the  neck  so  much  bent  backward  that  the  vertex,  or  even  the  fore 
head,  is  the  anterior  point  of  support,  and  it  seems  as  if  the  neck  would  b 
broken.  It  rarely  continues  for  long,  but  the  patient,  from  time  to  time 
may  sit  up,  and  then  bound  backward  into  the  rigid  arch.  Opisthotono 
may  also  occur  as  the  patient  lies  on  the  side,  the  arc  en  cercle  latemle. 

The  clonic  spasm  varies  very  much  in  its  character.  It  never  resemble 
precisely  that  of  epilepsy,  in  which  the  movements  are  violent  and  shock 
like  in  their  character,  and  cease  by  gradually  becoming  less  frequent,  no 
less  strong.  In  hysteria  the  spasm  is  rarely  shock-like,  and  always  maintain 
the  same  frequency  until  it  suddenly  ceases.  It  is  usually  very  quick  in  time 
Occasionally  the  conception  of  a  universal  clonus,  like  that  of  the  foot,  bu 
affecting  whole  limbs,  conveys  the  best  idea  of  its  character.  The  fit  ma; 
commence  with  this,  without  any  initial  tonic  spasm.  In  the  rare  cases  ii 
which  the  spasm  is  shock-like,  the  shocks  are  infrequent  an,d  delib 
erate,  and  go  on  for  a  long  time.  Much  more  frequently  the  spasm  i 
rather  coarse  tremor  or  quivering.  The  movements  may  affect  the  hand 
and  feet  only,  so  that  these  are  struck  against  the  ground  with  great  rapidity 
The  orbicularis  palpebrarum  is  often  alone  affected,  causing  quivering  o 
the  eyelids,  or  quick  opening  or  shutting  movements.  The  tongue  is  neve 
bitten  in  the  clonic  spasm  as  it  is  in  epilepsy,  although,  very  rarely,  it  may  b 
bitten  accidentally  in  the  fall.     Hysterical  patients,  however,  often  bite  thei 

own  lips. 

The  coordinated  movements  which  constitute  so  large  a  part  of  the  attacl 
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are,  for  the  most  part,  wild,  irregular  "fighting"  or  struggling  move- 
ments, in  which  the  legs,  feet  and  head  are  thrown  about  with  great  vio- 
lence. The  movements  are  usually  without  serial  order,  but  occasionally 
certain  movements  are  repeated  in  a  rhythmical  manner.  The  head  may  be 
moved  from  side  to  side ;  there  may  be  regular  flexion  or  extension  move- 
ments of  the  legs  (sometimes  propelling  the  patient  head  first  along  the 
floor),  and  still  more  frequently  a  similar  rhythmical  movement  in  the  arms. 
These  coordinated  movements  are  conspicuously  increased  in  force  by 
attempts  to  restrain  them ;  the  more  force  is  used  the  more  is  needed  ;  and 
their  violence  is  often  extreme.  Accompanying  them  there  is  often  deliri- 
ous mental  disturbance,  most  conspicuous  during  intervals  of  comparative 
rest  or  of  alternating  tonic  spasm.  Sometimes  the  patient  talks  in  an 
unnatural  manner,  manifesting  some  hallucination.  One  girl,  for  instance, 
thought  her  long  black  hair,  which  had  been  flying  about  her  head,  was  sea- 
weed. Usually  there  is  more  or  less  emotional  disturbance,  especially  mani- 
festations of  terror,  which  may  increase  to  maniacal  frenzy,  and  culminate 
in  a  paroxysm  of  convulsion.  There  is  often  a  strange  tendency  to  bite  in 
a  curiously  animal  manner,  and  occasionally  noises  of  animals  are  imitated 
(therio-mimicry).*  The  patient  will  make  a  sudden  gnash  at  the  hand  of 
an  attendant,  and  if  not  prevented  may  inflict  serious  bites  on  her  own 
fingers.  In  a  prolonged  seizure  there  are  often  intervals  of  tranquillity,  in 
which  the  patient  may  seem  well,  but,  by  slight  peculiarities  in  manner, 
those  who  know  her  are  aware  that  "she  is  not  yet  herself,"  and  presently 
the  spasm  suddenly  recommences. 

The  eyelids  in  hysterical  attacks  are  usually  closed,  rarely  open.  The 
eyeballs  often  converge  strongly  from  time  to  time.  Reflex  action  from  the 
conjunctiva  is  usually  lessened.  General  sensation  is  distinctly  diminished  ; 
a  pin  may  be  run  into  the  skin  without  causing  any  evidence  of  pain.  In 
rare  cases  the  attacks  are  characterized  by  violent  laryngeal  spasm,  causing 
-intense  dyspnoea. 

Pressure  on  the  tender  ovarian  region,  or  other  tender  hysterogenic  spots, 
as  already  stated,  sometimes  induces  an  attack,  and  prolonged  pressure  will 
often  arrest  the  seizure.  Sometimes,  the  ovarian  compression  simply  arrests 
the  coordinate  movements,  and  causes  tonic  spasm.  The  fits  may  be  usually 
cut  short  more  readily  by  strong  faradization  of  the  skin ;  by  Dr.  Hare's 
expedient  of  closing  the  mouth  and  nose  for  twenty  or  thirty  seconds ;  by 
cold  water,  thrown  on  the  face ;  or,  if  the  mouth  be  open,  by  pouring  into 
it  a  little  water  so  that  this  gets  to  the  larynx  and  causes  a  choking  cough. 
These  methods  clearly  act  by  a  strong  stimulation  of  the  sensory  nerves,  or 
of  the  respiratory  centre.  The  duration  of  the  attacks,  if  left  alone,  varies 
extremely.  Some  last  only  for  a  few  minutes  ;  more  frequently  they  con- 
tinue for  a  quarter  to  half  an  hour,  or  even  for  several  hours.  Occasionally 
transient  contracture  of  limbs,  or  trismus,  or'local  paralysis,  or  anaesthesia 
succeeds  an  attack. 

*  See  "  Epilepsy  and  other  Chronic  Convulsive  Disorders,"  p.  140. 
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The  severe  hysteroid  seizures  are  very  common  in  young  women  and  gir 
at  the  time  of  puberty,  and  sometimes  earlier,  even  at  seven  or  eight  yea 
of  age.  They  are  by  no  means  rare  in  boys,  and  may  occur  in  young  adu 
men*  They  are  not  confined  to  the  waking  state,  but  may  occur  also  i 
sleep.  The  frequency  with  which  they  are  sequela?  to  slight  epilepti 
seizures,  as  already  mentioned,  is  an  extremely  important  fact. 

Cerebral  Symptoms.— The  conditions  of  hemianjesthesia,  paralysis,  an 
contracture  must  be  regarded  as  the  expression  of  a  condition  of  restraine 
function  (inhibition)  or  unrestrained  activity,  of  certain  cerebral  centre: 
sensory  and  motor.  In  rare  cases  a  similar  perversion  of  function  ma 
involve  higher  centres ;  the  patient  may^ass  into  the  peculiar  sleep-lik 
state  of  "  trance  "  or  "  lethargy,"  with  or  without  the  condition  of  plasti 
rigidity  of  limb  denominated  "  catalepsy  "  (see  p.  1331).  Such  conditior 
are  met  with  chiefly  in  the  subjects  of  hysteria ;  they  may  come  on  in  paroa 
ysmal  attacks,  as  at  a  certain  time  each  day,  sometimes  in  the  evening 
Although  spontaneous  trance  is  rare,  the  condition,  as  Charcot  and  hi 
pupils  have  shown,  can  be  readily  induced  in  hysterical  patients,  and  in  th 
hypnotic  state  there  may  be  an  extraordinary  increase  of  excitability  in  brain 
nerve,  and  muscle  (p.  1330). 

Other  disturbances  of  the  psychical  functions  occasionally  occur  in  hysteria 
and  are  very  important.  The  ordinary  mental  characteristics  of  thes 
patients  have  been  already  described.  In  rare  cases  there  may  be  such  ai 
amount  of  mental  disturbance  as  to  raise  the  question  whether  the  patient  i 
actually  sane,  and  sometimes  the  limits  of  sanity  are  distinctly  passed.  Th< 
relation  of  insanity  to  hysteria  is  a  subject,  however,  on  which  generaliza 
tion  is  difficult,  and  various  opinions  are  held  by  competent  authorities 
Mental  derangement,  like  other  nervous  diseases  in  females,  may  be  accom 
panied  with  symptoms  of  hysteria,  without  the  association  proving  any  essen 
tial  relation.  Sometimes,  however,  the  pronounced  mental  aberration  seem 
distinctly  to  grow  out  of  the  slighter  psychical  disturbance  of  hysteria,  am 
the  process  may  be  apparently  similar  to  that  which  leads  to  the  more  gravi 
corporeal  symptoms.  Just  as  a  mind  unfixed  by  emotion  may  become  se 
in  its  unbalanced  state  by  a  fixed  idea  of  motor  inability,  and  the  latter  mai 
progress  to  extensive  paralysis  or  contracture,  so  the  intellect  may  becom< 
the  prey  of  such  an  idea  as  must  be  regarded  as  an  insane  delusion,  undei 
the  influence  of  which  the  mental  powers  may  fail  further.  An  emotiona 
girl,  for  instance,  with  frequent  globus,  became  possessed  with  the  idea  thai 
all  persons  whom  she  met  were  making  faces  at  her,  and  then  she  manifestec 
timidity,  infantile  in  its  degree,  so  that  she  dared  not  go  out  of  the  hous( 
alone,  and  became  irritable  and  depressed,  with  a  vacant  look,  and  sucl 
loss  of  memory  as  to  constitute  partial  dementia.  Such  cases  may  be  mos 
various  in  their  form,  and  the  ultimate  symptoms  may  resemble  those  o. 
simple  insanity,  from  which  they  are  to  be  separated,  if  at  all,  only  by  th( 
conditions  of  their  origin. f 

*  See  "  Epilepsy  and  other  Chronic  Convulsive  Disorders,"  p.  140. 
f  I  have  related  examples  of  these  forms  in  "  Epilepsy,"  p.  165,  etc. 
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There  is  another  important  relation  of  hysteria  to  insanity.  The  later 
stage  of  a  developed  hysterical  fit  is  a  paroxysm  of  mental  disturbance  of 
maniacal  violence,  in  which  chaotic  storms  of  emotional  frenzy  alternate 
with  hallucinations  and  delirium.  The  patient  is,  for  a  few  minutes,  wildly 
insane.  Just  as  some  of  the  motor  spasm  of  the  convulsion  may  continue 
when  it  is  over,  or  may  occur  alone  as  persistent  contractures,  so  some  ele- 
ments in  the  paroxysmal  mental  disturbance,  hallucination  or  delirium,  may 
occur  alone.  In  an  hysterical  child,  whose  case  I  have  described  at  length 
elsewhere,*  apart  from  the  delusions  that  accompanied  the  convulsive  seizures, 
there  were  occasional  periods  of  spiteful  mischievousness,  wholly  foreign  to 
her  habitual  character,  and  also  periods  of  a  semi-demented  state,  lasting 
for  days  or  weeks.  The  subjects  of  such  mental  disturbance  may  threaten 
or  attempt  suicide,  apparently  with  every  intention  of  success.  In  another 
patient.t  a  girl  of  twenty-six,  violent  delirium  accompanied  each  hysteroid 
convulsion,  and  after  a  time  paroxysms  of  mental  disturbance  occurred  with- 
out any  preceding  fit.  After  an  interval  of  improvement,  a  condition  came 
on  which  rendered  her  confinement  in  an  asylum  necessary.  She  recovered, 
but  relapsed,  in  consequence  of  a  mental  shock,  and  passed  into  a  very 
unpromising  state,  with  most  degraded  habits,  but  ultimately  became  well. 

Visceral  and  Vasomotor  Symptoms. — The  digestive,  respiratory,  and  cir- 
culatory systems  are  liable  to  be  deranged  in  hysteria.  Some  of  the  result- 
ing disorders  are  very  remarkable  in  character,  and  indicate  how  profound 
may  be  the  secondary  influence  of  the  disease  on  subordinate  functions.  • 

The  sensation  of  the  globus  hystericus  may  be  accompanied  by  actual 
pharyngeal  spasm,  and  occasionally  this  spasm  occurs  in  paroxysmal  form, 
accompanied  by  an  intense  feeling  of  suffocation.  Swallowing  may  be  im- 
possible for  hours,  sometimes  for  days.  The  oesophagus  also  may  be  the  seat 
of  spasm,  and  food  is  then  regurgitated  before  it  reaches  the  stomach. 
Vomiting  is  much  more  commonly  from  the  stomach  itself,  and  constitutes 
one  of  the  most  frequent  and  most  enduring  of  the  visceral  disturbances. 
Food  is  rejected,  usually  in  less  than  a  quarter  of  an  hour  after  it  is  taken. 
Sometimes  gastralgia  exists,  and  the  presence  of  food  in  the  stomach  excites 
pain,  which  seems  to  cause  the  vomiting,  but  more  commonly  the  vomiting 
is  painless,  and  unaccompanied  by  nausea.  The  symptom,  like  many  others 
in  hysteria,  may  be  set  up  in  the  first  instance  by  an  adequate  attack  of  real 
gastric  disturbance,  accompanied  by  nausea,  but  persists  when  this  is  over, 
as  a  morbid  habit,  involuntary  in  character,  but  often  yielded  to  by  the 
patient,  and  sometimes  actually  induced  by  the  will.  The  stomach  is  not,  it 
is  true,  under  direct  voluntary  control,  but  vomiting  maybe  produced  by  an 
emotion  of  disgust,  and  the  needed  emotion  may  be  called  up  by  an  idea 
without  sensorial  agency,  as  is  evinced  by  the  strange  cases  in  which 
the  vomiting  of  pregnancy  makes  the  husband  retch,  and  at  last  the  latter 
becomes  sick  as  soon  as  he  knows  his  wife  is  pregnant.J     The  connec- 

*  "  Epilepsy,"  etc.,  p.  157.  f  Loc.  cit.,  p.  172. 

\  Weir  Mitchell,  '•  Nervous  Diseases  in  Women."  A  similar  case  has  been  related  to  me 
by  my  colleague,  Dr.  John  Williams. 
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tion  may  become  so  strong  that  the  idea  will  produce  the  act  without  t 
agency  of  adequate  emotion,  and  food  is  rejected  on  a  thought  of  sickne- 
which  may  arise  unbidden,  and  is  easily  called  up.  It  is  not  probable  th 
the  stomach  returns  all  the  food  taken,  for  patients  kept  at  rest  may  not  lo 
weight,  although  they  constantly  vomit  their  food.  A  very  small  quanti 
seems  sufficient  for  the  needs  of  the  system  at  rest.  Conjoined  with  vomi 
ing,  or  existing  alone,  there  may  be  absolute  anorexia,  and  these  togeth 
may  render  feeding  by  the  mouth  impossible. 

Such  hysterica]  anorexia  has  given  rise  to  the  extraordinary  cases  of  «  fas 
ing  girls  '  which,  in  all  ages,  have  excited  popular  wonder.  In  many  , 
these,  however,  there  has  been  unquestionable  fraud.  When  abstinence  fro, 
food  is  complete,  the  body  invariably  loses  weight,  and  the  absence  of  th 
progressive  loss  is  certain  proof  of  deceit,  which  is  stimulated  by  the  intere 
excited,  and  aided  by  the  friends  to  secure  the  contributions  of  amaze 
benevolence.  Even  in  slight  cases  of  hysteria,  deliberate  deceit  is  moi 
common  in  this  than  in  any  other  symptom.  Some  patients,  who  would  nc 
deliberately  assume  a  positive  symptom,  fall  easily  into  the  habit  of  fastin 
at  meals  and  eating  on  the  sly.  But  in  some  cases  of  severe  hysteria  ther 
is  absolute  abstinence  from  food  for  many  days,  and  even  during  weeks  th 
quantity  taken  may  be  so  small  as  to  be  insufficient  to  prevent  the  sell 
starvation  from  producing  conspicuous  effects.  In  a  case  related  by  Wei 
Mitchell,  no  food  was  taken  for  ten  days,  and,  during  five  weeks,  onl 
twenty-four  ounces  of  milk  were  swallowed.  Another  patient  swallowe< 
neither  solid  nor  liquid  for  twenty-seven  days.  In  some  cases,  forced  feed 
ing  by  the  mouth  or  rectum  may  give  rise  to  such  severe  convulsions  tha 
the  attempt  has  to  be  relinquished.  The  patients  lose  weight,  and  becomi 
emaciated  and  feeble  in  extreme  degree ;  the  temperature  may  be  raised 
the  tongue  become  dry  and  brown  ;  they  may  pass  into  a  condition  of  stupor 
and  not  only  appear  in  danger  of  immediate  death,  but  may  actually  sink 
from  exhaustion.  In  most  cases,  however,  when  this  alarming  state  i< 
reached,  a  little  food  is  again  taken,  and  the  patient  slowly  revives.  The 
danger  is  greater  in  cases  of  prostration  from  long-continued  vomiting  than 
from  simple  refusal  of  food,  since  forced  feeding  is  less  effectual  in  the 
former.  One  patient  died  on  the  eighty-second  day  of  the  vomiting,  in 
spite  of  the  use  of  the  stomach  tube.* 

Dyspepsia,  in  every  form  and  degree,  is  common  in  the  hysterical,  and  the 
nerve  disturbance  thereby  excited  may  profoundly  intensify  other  symptoms. 
Sensations  of  "sinking,"  palpitation,  breathlessness,  flushing  of  the  face, 
pains  in  the  back,  which  often  attend  dyspepsia,  may  reach  an  extreme 
degree  in  the  subjects  of  hysteria.  Flatulence,  gastric  and  intestinal,  is  very 
common,  and  gives  rise  to  much  discomfort  and  to  varied  sounds,  some  of 
which  are  apparently  the  effect  of  an  involuntary  contraction  in  the  muscles 
of  the  abdominal  wall.  Complicating  and  intensifying  these  troubles,  there 
is  often  constipation,  which,  so  common  in  women,  is  peculiarly  obstinate  in 

*  Guyot,   Gaz.  Med.  de  Paris,  1882,  p.  206. 
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the  hysterical.     The  bowels,  left  alone,  may  act  only  once  a  week,  or  ever 
once  a  month.     Whether  this  is  from  a  nervous  inhibition  of  the  intestina: 
wall,  or  from  mere  indisposition  to  aid  the  bowels  by  timely  attention,  is  dif- 
ficult to  say.     It  is  certain  that  the  muscular  action  of  the  intestines  may  be 
gravely  deranged  in  severe  hysteria.     A  strange  case  is  recorded  by  Briquet, 
in  which  liquids  injected  into  the  rectum  were  vomited  by  the  mouth.    Ever 
tincture  of  litmus  was  vomited  twelve  minutes  after  its  injection  into  the 
rectum,  the  patient  being  watched  by  doctors  and  nurses  the  whole  time. 
That  there  is  pathological  inactivity  of  the  bowel  is  prohable  from  the  large 
amount  of  purgative  which  is  needed.     Occasionally  there  is  a  peculiar  sen- 
sitiveness to  the  action  of  the  bowels,  so  that  the  passage  of  a  stool,  espe- 
cially if  relaxed,  may  cause  sensations  of  faintness,  and  even  actual  syncope. 
Retention  of   urine  is   common  in  the   hysterical,  but  incontinence  is 
almost,  if  not  quite,  unknown.     Calls  to  micturate  are  often  annoyinglj 
frequent,  but   this  usually  depends   on   the  character  of  the  urine,  whicr. 
becomes  abundant,  pale,  and  of  low  specific  gravity,  and  seems  to  irritate 
the  bladder  much  more  than  that  which  is  less  dilute.     Such  urine  is  prob 
ably  due  to  dilatation  of  the  renal  vessels.     It   is  secreted  in  most  persons 
under  the  influence  of  emotion,  and  may  be  almost  constant  in  the  persist- 
ent emotional  state  of  the  hysterical.     In  rare  cases  the  secretion  is  changed 
in  the  opposite  way.     Instead  of  being  increased  it  is  lessened,  and  the 
diminution    may   go  on    to   absolute   arrest,    "hysterical  ischuria"    and 
"anuria,"  which  have  been  carefully  studied  by  Charcot.     Complete  sup 
pression  may  last  for  ten  days  without  any  symptoms  of  ursemic  intoxication 
such  as,  in  anuria  from  calculous  obliteration  of  the  ureters,  usually  super- 
venes before   the  end  of  a  week,  and  causes  death  in  two  or  three  weeks 
Considerable  diminution  of  the  urine  is  always  attended  with  vomiting.    Th< 
quantity  of  liquid  vomited  varies  inversely  with  the  amount  of  urine  secreted 
and  the  vomit  contains  some  urea.     In  a  case  recorded  by  Weir  Mitchell 
severe  vomiting  alternated  with  profuse  perspiration,  which  left  a  thin  filn 
of  urea  on  the  skin.     To  the  supplementary  excretion,  and  to  the  facts  tha 
little  food  is  retained  and  that  the  tissue  changes,  the  patient  being  at  rest 
are  extremely  slight,  Charcot  believes  that  the  tolerance  is  to  be  ascribed 
The  symptom  itself  is  probably  due  to  spasm  of  the  renal  vessels,  and  i 
comparable  to  the  arrest  of  the  secretion  which  occurs  in  an  animal  whei 
the  abdomen   is   opened.     Although  in  considerable  degree  and  duratioi 
ischuria  is  extremely  rare,  in  slight  and  transient  form  it  is  not  infrequen 
(as  Laycock  pointed  out),  being  often  ascribed  to  retention  in  the  bladdei 
The  disturbance  of  the  functions  of  the  sexual  organs  that  exists  in  hys 
teria  has  been  already  sufficiently  described  in  the  section  on  causation. 

Respiratory  Organs. — Intensely  rapid  breathing,  fifty,  sixty  or  eight 
respirations  per  minute,  is  not  an  unfrequent  symptom,  and  is  often  terme 
"  hysterical  dyspnoea."  There  is  no  real  difficulty  of  breathing,  and  th 
patient's  pulse  may  not  be  more  frequent  than  is  habitual.  Such  extrem 
rapidity,  without  other  signs  of  dyspnoea,  is  almost  confined  to  this  disease 
When  conjoined  with  hysterical  pains  in  the  chest,  the  resemblance  to  intr; 
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thoracic  mischief  may  be  perplexing.  Actual  dyspnoea,  most  intense  i 
degree,  may,  however,  attend  another  hysterical  disorder,  laryngeal  spasrr 
which  may  occur  in  violent  paroxysms.  Stridor  and  cyanosis  attest  th 
severity  of  the  manifest  struggle  for  breath,  the  muscles  of  the  neck  stam 
out  in  violent  action,  blood  may  be  hawked  up  in  the  straining,  and  th 
patient  may  even  appear  to  be  on  the  point  of  death  by  suffocation.  Th 
attack  may  sometimes  be  arrested  by  closing  the  mouth  and  nose  and  caus 
ing  actual  apncea,  by  tickling  the  pharynx  and  thus  inducing  nausea,  am 
still  more  effectually  by  an  injection  of  apomorphia.  Persistent  cough  i 
another  occasional  paroxysmal  symptom — often  hoarse  and  croaking.  Hie 
cough  is  also  sometimes  a  troublesome  and  enduring  symptom. 

Vasomotor  Symptoms. — Neurotic  disturbances  of  the  vascular  system  are 
in  slight  degree,  extremely  frequent,  and  often  give  rise  to  great  discomfort 
Occasionally  they  are  severe  and  even  violent.  The  heart's  action  may  b 
habitually  too  frequent,  and  may  be  readily  accelerated  or  rendered  irregu 
lar  by  any  trivial  emotion,  or  by  the  common  gastric  derangement,  an< 
intermission  or  tumultuous  action  may  occur,  apparently  without  cause 
There  is  undue  consciousness  of  the  action  of  the  heart,  normal  or  irregular 
which  is  described  as  "palpitation."  It  is  often  a  source  of  much  distress 
and  may  be  accompanied  by  cardiac  pain  and  giddiness,  by  sensations  o 
sinking,  of  dyspnoea,  and  of  faintness,  by  extreme  pallor,  and  even  by  actua 
syncope.  Sometimes  the  deranged  innervation  is  shown,  not  only  by  ai 
habitual  frequency  of  120  or  130  beats  per  minute,  but  by  a  reversal  of  thi 
usual  effect  of  posture  on  the  pulse.  The  attacks  of  pain,  with  pallor,  faint 
ness  and  dyspnoea,  may  closely  counterfeit  genuine  anginal  seizures,  especial! 
when  the  pain,  as  is  sometimes  the  case,  radiates  to  the  left  arm ;  I  havi 
seen  repeated  attacks  of  this  character  in  a  nervous,  overworked  man,  whosi 
mother  had  died  in  an  attack  of  true  angina  pectoris,  of  which  he  had  alway 
lived  in  dread.  Much  less  frequently  the  heart's  action  becomes  less  frequent 
especially  in  some  of  the  cases  of  spontaneous  trance. 

Disturbances  in  the  peripheral  vasomotor  may  be  associated  with  the  per 
turbed  action  of  the  heart,  or  occur  independently.  Flushing  of  the  face 
sometimes  local  in  distribution,  is  exceedingly  common.  It  occurs  spon 
taneously  or  on  slight  emotion,  and  from  the  misconstruction  to  which  i 
gives  rise  is  a  source  of  great  annoyance  to  the  patient.  Flushing  and  pallo 
may  alternate,  or  the  face  be  red  and  burning  while  the  feet  and  hands  an 
cold.  Flushing  of  the  feet,  with  a  sensation  of  burning  heat,  often  alter 
nates  with  cold,  and  much  more  rarely  there  is  persistent  fullness  of  thi 
vessels  of  both  legs.  Weir  Mitchell  has  recorded  an  extraordinary  case  ii 
which  at  times,  through  emotion  or  spontaneously,  a  paralysis  of  the  abdomi 
nal  vessels  seemed  to  concur  with  vascular  spasm  elsewhere,  so  that  the  fla 
abdomen  of  a  thin,  spare  widow  would  attain,  in  the  course  of  a  few  hours 
a  size  corresponding  to  the  sixth  month  of  pregnancy,  and  be  turgid  an< 
pulsating,  while  the  rest  of  the  body  was  pale  and  bloodless,  the  pulse  at  thi 
wrist  being  a  mere  thread,  and  faintness  ensued  if  the  patient  sat  up.      Thi 
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state  would  subside  in  the  course  of  a  few  days,  and  was  the  source  of  infinit 
annoyance  to  the  patient. 

Local  perspiration  is  a  rare  symptom.  In  one  case  the  hands  and  fee 
were  the  seat  of  profuse  sweating,  which  alternated  with  attacks  of  lethargy 
double  amaurosis,  paraplegia  and  anaesthesia  (Siredey). 

Vasomotor  spasm  seems  sometimes  to  accompany  hemianaesthesia,  so  tha 
pricks  do  not  bleed,  but,  as  we  have  seen,  it  is  no  necessary  concomitant 
in  complete  hemianaesthesia  the  vascularity  of  the  skin  may  be  normal  an< 
pricks  may  bleed  readily. 

Occasionally  local  swellings  occur,  especially  about  the  hands  or  feet,  o 
about  joints,  sometimes  in  the  seats  of  neuralgic  pain.  They  are  due  appa 
rently  to  the  effusion  of  serum  into  the  cellular  tissue  in  consequence  o 
vasomotor  disturbance,  and  often  occur  near  the  time  of  the  monthly  period 

It  is  probable  that,  in  rare  cases,  the  vasomotor  disturbance  may  lead  t< 
the  occurrence  of  small  hemorrhages  into  the  skin,  but  extravasations  ii 
definite  spots,  as  in  the  "stigmata"  of  crucifixion,  are  always  of  artificia 
origin.  Hemorrhage  from  the  stomach  has  been  thought  to  be  vicarioui 
with  the  menstrual  flow,  but  in  at  least  some  of  these  cases  actual  ulceratioi 
has  existed.  Hemorrhage  from  the  lungs  is  unknown  except  in  actua 
disease,  although  the  straining  of  laryngeal  spasm  may  rupture  small  vessel 
in  the  throat  and  windpipe,  and  small  clots  may  be  coughed  up.  A  form  o 
spurious  haemoptysis  is,  however,  not  uncommon  ;  the  patient  spits  a  brown 
ish-red  liquid  consisting  of  saliva  uniformly  mixed  with  blood,  the  source  o 
which  is  probably  the  gums. 

When  an  hysterical  patient  emaciates  from  self-starvation,  the  skin  ma) 
become  dry  and  the  epidermis  scale  off.  Artificial  skin  eruptions  are  ofter 
produced  by  means  of  irritants,  such  as  cantharides,  by  the  lowest  class  o 
hysterical  patients,  who  may  exhibit  much  cunning  in  baffling  detection. 

The  temperature  in  hysteria  is,  as  a  rule,  normal,  but  in  severe  cases  ; 
slight  rise  occurs  at  some  period  of  the  day,  a  circumstance  which  is  no 
surprising  when  the  severe  vasomotor  symptoms  are  considered.  The  regis 
tering  thermometer,  however,  furnishes  some  hysterical  patients  with  an 
irresistible  temptation  to  fraud.  By  friction  or  pressure  on  the  bulb,  or  bj 
the  dexterous  manipulation  of  hot  bottles  or  poultices,  the  index  may  b< 
driven  up  even  to  the  top  of  a  clinical  thermometer,  and  the  patients  enjoj 
the  wonder  which  has  been  excited  when  temperatures  of  1200  or  130°  hav< 
been  registered  by  special  instruments. 

Course  and  Terminations. — The  severe  nerve  disturbances  of  hysteria  maj 
persist  in  continuous  or  recurrent  form  for  a  short  or  long  period,  usually  fo: 
months  and  sometimes  for  years.  Recurring  convulsive  attacks  and  persist 
ent  contractures  are  perhaps  the  most  enduring.  But  the  transitory  mani 
festations  of  the  disease  are  merely  the  symptoms  of  an  underlying  stati 
which  is  from  its  nature  persistent,  and  is  always  to  be  measured  by  years 
often  by  a  lifetime.  In  its  slighter  forms  it  is  as  much  a  temperament  as  : 
a  disease.  If  it  is  moderate  in  degree,  and  the  patient  can  be  placed  ir 
favorable  circumstances,  it  may,  after  a  time,  cease  to  be  recognizable,  espe 
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daily  when  the  emotional  disturbance  of  youth  has  passed  into  the  steadic 
career  of  the  woman ;  when  its  degree  is  greater  it  may  survive  even  tr, 
latter,  and  the  influences  that  should  steady  the  mind  may  only  cause  add 
tional  perturbation. 

Over  the  slighter  forms  of  hysteria,  the  moral  influences  involved  in  mai 
riage  exert  a  distinctly  beneficial  influence,  especially  in  the  social  class  an 
conditions  in  which  it  involves  activity  of  mind  and  body  for  definite  an 
adequate  objects.  But  the  severe  forms  of  the  disease,  especially  with  long 
continued  convulsions,  may  be  unrelieved  by  marriage  and  even  by  matei 
nity,  and  may  be  distinctly  aggravated  by  the  anxieties  which  are  neve 
altogether  absent  from  the  married  state,  and  which  not  rarely  constitute  th 
greatest  trials  life  can  bring.  Hence,  severe  hysteria  often  persists  to  middl 
life  and  even  beyond  it ;  in  some  cases  to  cease,  in  others  to  be  intensified 
at  the  climacteric  period,  and  occasionally  to  continue  until  old  age. 

The  course  of  the  disease  is  always  varied.  The  infinite  diversity  c 
symptoms  which  different  patients  present,  may  be  almost  paralleled  in  th 
history  of  individual  cases ;  palsies,  motor  and  sensory,  contractions  an< 
convulsions,  dyspnoea  and  dysphagia,  anorexia  and  aphonia,  faintings  am 
vomitings,  may  succeed  one  another  in  apparently  inexhaustible  variety. 

In  what  proportion  of  cases  a  practical  recovery  takes  place  cannot  b 
determined.  As  a  rule,  however  long  the  symptoms  have  lasted,  the 
remain  disorders  of  function  only,  and  their  complete  disappearance  is  stil 
possible.  To  this  an  exception  must  apparently  be  made  in  the  case  of  per 
sistent  contractures,  which,  as  already  stated,  after  lasting  for  many  years 
may  be  attended  with  structural  changes  in  the  spinal  cord ;  such  cases  are 
however,  excessively  rare. 

Recovery  from  hysteria  is  probably  always  gradual,  although  it  is  ver] 
common  for  the  individual  symptoms  to  cease  suddenly,  especially  undei 
some  profound  emotion.  The  same  agent  which  disturbed,  in  a  givei 
direction,  the  unstable  balance  of  the  nervous  system,  may  readjust  the 
equilibrium,  but  without  rendering  it  more  stable  than  before,  and  such  influ 
ences  are  never  permanent  in  their  effects.  Nor  are  they  always  efficien 
even  in  their  limited  degree.  It  has  been  said  that  an  hysterical  paralytic 
•will  always  run  out  of  a  burning  house,  but  Weir  Mitchell  has  mentioned 
an  instance  in  which  under  such  circumstances  the  patient  only  fell  dowr 
helpless,  and  another  instance  of  this  has  come  under  my  own  notice.  A 
sufficient  motive  for  sustained,  unselfish  exertion  is  much  more  effectual,  and 
many  an  hysterical  girl  has  recovered  health  under  the  necessity  of  rising 
from  her  couch  to  exchange  the  part  of  invalid  for  that  of  nurse. 

Pathology. — Many  points  of  the  pathology  of  hysteria  have  been  alluded 
to  in  the  account  of  the  characters  and  causes  of  the  disease,  and  oui 
knowledge  of  the  subject  is  so  scanty  that  little  more  remains  to  be  said. 
The  teaching  of  anatomy  is  purely  negative.  The  changes  which,  in  rare 
cases,  have  been  found  on  post-mortem  examination,  have  clearly  been  eithei 
accidentally  associated,  or  have  merely  served  to  evoke  the  condition  whicl 
in  other  cases  exists  as  an  independent  malady.     The  only  symptoms  com. 
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mon  to  all  forms  of  the  affection  are  those  of  certain  cerebral  functions, 
and  we  are  not  justified  in  looking  beyond  these  for  the  primary  derange 
ment.  It  is  clear  that  whatever  influence  disorders  of  other  organs  (as  thos< 
of  the  uterus)  may  exert,  they  merely  excite  the  manifestation  of  a  disease 
already  existing. 

Hysteria  is  probably  the  most  perfect  type  of  a  functional  malady.  Ii 
not  only  consists  in,  but  arises  by,  a  functional  disturbance,  a  loss  of  the 
due  balance  between  certain  of  the  higher  functions  of  the  brain.  Bui 
many,  probably  most,  of  the  definite  groups  of  symptoms  depend  on  the 
secondary  derangement  of  lower  centres.  Thus  hemiansesthesia  must  be 
ascribed  to  an  inhibition  of  a  sensory  centre  relatively  low,  while  hysterica 
anuria  shows  that  the  secondary  disturbance  may  reach  nerve  function! 
furthest  removed  from  those  in  which  it  commences. 

It  is  important  that  this  definite  affection  of  lower  centres  should  b< 
clearly  recognized,  because  there  is  still  too  strong  a  disposition  to  considei 
hysteria  not  only  primarily  but  altogether  as  an  affair  of  brain  and  will 
That  it  is  so  originally  there  can  be  no  doubt,  and  it  is  also  certain  that  the 
disease  can  only  be  really  cured  by  the  restoration  of  the  normal  balance  ol 
cerebral  function,  but  the  secondary  disturbance  of  lower  centres  (e.  g.  th( 
vasomotor)  may  at  times  preponderate  over  that  which  can  be  recognized  ii 
the  highest,  and  may  be  independent  in  their  degree,  and  in  some  case 
apparently  (though  not  really)  in  their  occurrence. 

This  disturbance  of  lower  centres  has  disclosed  facts,  hitherto  scarcel; 
suspected,  and  of  much  physiological  interest,  regarding  their  capacity  fo 
limited  functional  derangement.  We  may  take,  for  instance,  the  remarkabli 
phenomena  just  mentioned,  of  hemiansesthesia  and  of  transfer.  This  uni 
lateral  loss  of  sensibility  not  only  shows  that  the  sensory  centres  on  one  sidi 
of  the  brain  may  become  inhibited  in  a  peculiar  way,  partially  or  wholly 
but  that  by  certain  agents  a  partial  arrest  of  the  inhibition  may  be  effected 
so  that  a  given  area  in  the  anaesthetic  region  again  becomes  sensitive.  Thi 
phenomena  of  transfer  (of  the  genuineness  of  which,  in  spite  of  its  rarit; 
out  of  France,  there  can  be  no  doubt)  show  that  there  must  exist  an  inti 
mate  connection  between  the  sensory  centres  of  the  two  hemispheres,  si 
that  the  restoration  of  functional  action  in  a  part  of  the  inhibited  centre  i 
accompanied  by  an  arrest  of  action  in  the  corresponding  part  of  the  centr 
on  the  opposite  side.  The  validity  of  this  inference  is  independent  of  th 
mode  by  which  the  phenomena  are  effected,  or  of  the  exact  functions 
change  in  which  they  consist. 

Our  knowledge  of  the  nature  of  the  primary  disturbance  that  constitute 
the  essential  element  in  hysteria  is  too  visionary  to  render  its  discussion  c 
practical  value.  Modern  physiology  teaches  that  there  is  a  complex  intei 
action  between  all  parts  of  the  nerve  centres,  and  suggests  that  functions 
activity  and  inactivity  are  determined,  not  only  by  the  power  of  generatin 
nerve  force,  but  by  varying  degrees  of  restraint  or  inhibition.  Lower  centre 
are  controlled  by  higher  ones,  and  controlling  centres  are  themselves  subjec 
to  restraint.     It  is  easy  thus  to  conceive  that  some  defect  in  the   highe 
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centres  may  lead  to  a  disorder  involving  either  part  or  the  whole  of  th 
lower  centres,  although  we  may.  be  quite  unable  to  trace  the  process  b 
which  the  disorder  arises,  or  the  conditions  that  determine  its  limitation. 

In  speaking  of  hysteria  as  a  functional  disease,  it  is  not  denied  tha 
changes  in  the  finer  nutrition  of  the  nerve  elements  may  underlie  and  resul 
from  it ;  but  they  are  not,  even  in  extreme  degree,  recognizable  by  ou 
present  methods  of  observation.  To  this,  one  exception  must  be  made 
spinal  sclerosis  may  develop  from  contracture — an  almost  unique  example  c 
structural  change  from  functional  disturbance. 

It  is  scarcely  worth  while  to  discuss  the  pathology  of  the  individual  symp 
toms  of  hysteria.  The  little  that  is  known  has  been  mentioned  in  thei 
description,  and  the  application  to  them  of  the  general  principles  just  enun 
ciated  would  be  merely  to  repeat  these  principles  in  more  special  terms. 

Diagnosis. — The  general  condition  of  hysteria  is  usually  recognize) 
without  difficulty.  The  varied  and  varying  discomforts  of  which  th> 
patients  complain,  and  for  which  no  organic  cause  can  be  discovered,  thi 
frequent  globus  and  the  mental  state  are  at  once  readily  recognized.  Th 
special  symptoms,  when  severe,  present  greater  difficulties,  and  occasional! 
give  rise  to  perplexing  diagnostic  problems.  Not  less  difficulty  is  presentei 
by  the  cases  in  which  symptoms  of  hysteria  accompany  and  complicate 
other  diseases.  Slight  organic  disease  may  be  overlooked  in  the  presence 
of  hysteria,  while  the  opposite  error,  that  of  mistaking  hysteria  for  organii 
disease,  is  more  frequent  in  the  severer  special  manifestations  of  the  func 
tional  malady. 

A  very  important  element  in  the  diagnosis  of  the  special  forms  of  disease 
is  furnished  by  their  conditions  of  origin.  The  patient  is  of  the  sex  and  agi 
in  which  the  tendency  to  hysteria  is  strongest,  or,  if  a  man,  presents  thosi 
nervous  and  somewhat  effeminate  characteristics  which  usually  accornpan; 
the  disposition  to  the  disease  in  the  male.  These  considerations  receive 
additional  weight  from  the  presence  of  the  slighter  and  more  constant  indi 
cations  of  hysteria  which  have  been  already  alluded  to.  But  it  cannot  b 
too  strongly  insisted  upon  that  this  element  in  diagnosis,  although  of  grea 
value,  is  second  in  absolute  importance.  The  first  and  most  important  con 
sideration  is  the  absence  of  any  unequivocal  symptom  of  organic  disease 
Women  who  suffer  from  other  diseases  of  the  nervous  system  are  frequentl; 
also  the  subjects  of  hysteria,  and  it  is  clear  that,  in  the  presence  of  distinc 
symptoms  of  organic  disease,  the  evidence  of  hysteria  is  of  no  significance 
as  regards  the  nature  of  the  malady,  and  only  becomes  significant  when  tin 
absence  of  evidence  of  such  other  disease  has  been  ascertained.  The  firs 
step  in  diagnosis  is,  therefore,  to  search  for  any  symptoms  which  indicat 
organic  affections,  and  this  involves  a  knowledge  of  the  diagnostic  symptom 
of  almost  every  other  disease  of  the  nervous  system,  since  there  is  scared; 
one  which  may  not  be  simulated  by  this  Protean  malady. 

In  the  absence  of  such  unequivocal  evidence  of  organic  disease,  the  pre? 
ence  of  hysteria,  or  of  the  conditions  favorable  to  its  existence,  becomes  c 
important  significance.     It  does  not,  however,  in  itself  constitute  evidenc 
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that  the  symptoms  are  due  to  this  cause ;  the  manifestations  of  organic  dis- 
ease are  sometimes  in  themselves  equivocal,  and  are  such  as  may  be  also  pro- 
duced by  hysteria.  But,  as  a  rule,  the  grouping  of  the  symptoms  differs  in 
the  two,  and  from  their  definite  arrangement  and  sequence  a  confident  diag- 
nosis can  often  be  made.  Cases  are  occasionally  met  with,  however,  in 
which  even  the  largest  experience  and  the  utmost  diagnostic  skill  are  needed, 
and  may  even  for  a  time  be  baffled. 

Certain  general  characteristics  of  hysterical  maladies  deserve  special  men- 
tion. Concerning  all  of  them,  it  is  to  be  remembered  that  their  presence  is 
more  significant  than  their  absence.  One  is  the  relation  of  the  symptoms 
to  emotional  disturbance,  both  in  their  commencement,  course  and  manifes- 
tation. They  frequently  follow  a  severe  mental  shock,  or  are  gradually 
evolved  under  the  influence  of  more  persistent  emotional  disturbance,  and 
may  be  intensified  from  time  to  time  under  the  same  influence.  They 
increase  when  the  patient's  attention  is  directed  to  them,  and  lessen  when 
this  is  diverted.  Symptoms  often  become  greater  during  the  course  of  a 
medical  examination.  Speech,  that  is  at  first  distinct,  becomes  stuttering 
and  hesitating,  or  voiceless;  limbs  that  are  at  first  relaxed  and  still,  become 
rigid  and  tremulous;  a  patient  who  at  first  can  stand,  suddenly  sinks  helpless 
to  the  ground.  Symptoms  which  simulate  those  of  organic  disease  rarely 
correspond  closely  to. the  ordinary  type  of  that  which  they  counterfeit ;  some 
symptom  exists  in  excessive  degree  or  is  absent. 

Another  important  indication  is  the  mutability  of  the  symptoms  in  hys- 
teria. Grave  troubles  of  one  character  may  suddenly  cease,  and  give  place 
to  other  symptoms  such  as  could  not  result  from  the  same  organic  cause  as 
the  first.  Of  equal  importance  is  the  fact  that  some  symptoms  of  undoubted 
hysterical  character  concur  with  and  form  part  of  a  group  of  disturbances 
otherwise  equivocal,  and  give  a  clue  to  their  character.  For  instance,  a  girl, 
in  the  course  of  a  few  hours,  became  paraplegic,  with  altered  speech  and 
attacks  of  spasm  and  tremor  in  the  limbs;  the  case  was  regarded,  by  some 
physicians  who  saw  her,  as  one  of  acute  spinal  mischief.  But  the  onset  of 
the  symptoms  was  preceded,  for.  some  hours,  by  slow  rhythmical  spasm — 
alternate  flexion  and  extension  of  the  limbs;  the  movement  commenced  in 
one  arm  and  then  gradually  became  universal.  This  is  a  form  of  spasm  char- 
acteristic of  hysteria,  and  alone  indicated  the  true  nature  of  the  disease. 

At  the  same  time  it  must  not  be  forgotten  that  the  converse  of  this  holds 
good.  Just  as,  on  the  one  hand,  the  occurrence  of  a  characteristic  hysterical 
symptom  may  explain  the  nature  of  other  symptoms,  in  themselves  equivocal, 
so,  on  the  other  hand,  a  single  symptom  of  organic  disease  may  show  that 
equivocal  symptoms  are  not  hysterical.  For  instance,  a  single  epileptiform 
convulsion,  beginning  locally,  may  prove  that  other  symptoms  (headache, 
etc.)  ascribed  to  hysteria  were  really  due  "to  organic  brain  disease.  I  was 
once  shown  an  emotional  young  woman  who  was  supposed  to  be  suffering 
from  hysterical  aphonia  and  hysterical  hemiplegia.  A  laryngoscopic  exami- 
nation showed  that  one  vocal  cord  was  completely  paralyzed,  the  other 
moving  freely.     Laryngeal  paralysis  due  to  hysteria  is  double ;  unilateral 
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paralysis  is  always  of  organic  origin,  and  the  case  proved  to  be  one  of  syph 
litic  disease  at  the  surface  of  the  medulla  oblongata. 

It  is  unnecessary  to  consider  in  detail  the  diagnosis  of  each  of  the  font 
of  hysterical  disorder,  since  their  leading  and  characteristic  symptoms  ha\ 
been  already  described,  and  the  diagnosis  rests,  in  each  case,  on  the  detei 
tion  of  these  characters,  and  on  the  general  principles  just  enunciated.  Th 
distinction  of  the  severe  convulsive  affections  from  epilepsy  is  described  i 
the  section  on  the  diagnosis  of  the  latter  disease. 

Prognosis. — In  no  disease  does  the  prognosis,  as  regards  life  an 
recovery,  present  greater  disparity.  The  danger  to  life  from  hysteria,  eve 
in  its  most  severe  forms,  is  extremely  small.  Very  rarely  exhaustion  const 
quent  on  vomiting,  etc.,  terminates  in  death,  and  still  more-  rarely  sever 
laryngeal  spasm  (or  more  probably  paralysis)  has  led  to  a  fatal  resell 
Other  affections,  however  severe,  are  practically  devoid  of  danger. 

The  prognosis  as  regards  recovery  varies  with  the  circumstances. of  th 
individual  case,  according  to  the  severity  of  the  disease,  and  to  the  efficienc 
with  which  appropriate  treatment  can  be  adopted.  As  a  rule,  the  specia 
symptoms  of  hysteria  can  be  removed,  but  the  morbid  state  of  the  nervou 
system,  of  which  they  are  the  manifestations,  persists  in  greater  or  les 
degree,  so  that  it  has  been  said  that  complete  recovery  is  as  rare  as  is  deati 
from  the  disease  (Jolly).  This  is  an  exaggeration,  but  it  is  certainly  tru 
that  medical  skill  can  never  by  itself  secure  recovery,  although,  if  th 
patient's  conditions  of  existence  are  favorable,  if  a  life  of  active  work  an< 
satisfying  aims  can  be  substituted  for  the  purposeless  years  which  common]; 
succeed  puberty,  it  is  by  no  means  rare  for  all  traces  of  the  hysterical  tem 
perament  to  disappear,  and  a  stability  of  character  to  be  developed  whicl 
can  endure  even  severe  trials  without  giving  way. 

Of  individual  groups  of  symptoms,  some  are  more  readily  influenced  b; 
treatment  than  others.  Motor  paralysis  and  the  slighter  forms  of  convul 
sion  are  those  most  easily  removed.  Hysterical  anaesthesia  is  more  obstinate 
and  usually  persists  long  after  any  accompanying  loss  of  motor  power  ha 
passed  away.  The  local  forms  of  spasm,  both  the  common  contracture  anc 
the  rare  clonic  spasm,  are  much  more  enduring,  and  so  also  are  hysterica 
vomiting,  local  pains  and  tenderness,  especially  of  the  spine,  and  the  seven 
forms  of  hysteroid  convulsion  which  ;'are  sometimes  even  more  difficult  tt 
influence  than  epilepsy  itself.  It  should  be  noted  that  the  hysterical  fits  ir 
which  delirium  is  the  most  prominent  feature  involve  some  danger  o 
insanity.  I  have  more  than  once  known  such  patients  to  become  insane 
In  all  conditions  the  general  law  is  true,  that  the  prognosis  is  favorable  ir 
proportion  as  definite  causes  can  be  traced  and  removed,  especially  dete- 
rioration in  the  general  health,  of  remediable  character. 

Treatment. — The  predisposing  causes  of  hysteria  are  to  some  degree 
avoidable.  The  psychical  condition  from  which  it  springs,  and  in  which  il 
largely  consists,  may  be  in  part  prevented  by  careful  training,  especiallj 
during  the  transition  from  childhood  to  youth  and  womanhood.     The  char- 
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acters  of  the  training  needed  are  suggested  by  the  description  of  the  cause 
of  the  disease  already  given. 

The  treatment  of  the  developed  malady  is  partly  that  of  the  special  symp 
toms,  partly  that  of  the  underlying  condition  which  causes  them.  The  latte 
is  infinitely  the  more  important ;  the  removal  of  special  symptoms  may  d< 
nothing  for  the  real  cure  of  the  patient,  and  at  best  is  but  a  small  step  ii 
that  direction.  Nevertheless,  their  treatment,  useless  alone,  is  a  valuabli 
adjunct  to  the  removal  of  their  cause. 

The  causes  of  hysteria  are  partly  moral,  partly  physical ;  and  treatment 
to  be  effectual,  must  correspond.  The  success  of  the  measures  adopted  wil 
largely  depend  on  a  careful  study  of  each  case,  and  an  accurate  recogni 
tion  of  the  relative  amount  of  physical  and  mental  disorder.  The  firs 
element  in  treatment  is  the  removal  of  whatever  defect  in  the  genera 
health  or  local  disorder  of  function  can  be  discovered.  Appropriate  meas 
ures  for  this  purpose  should  always  accompany  and  often  precede  mon 
special  treatment.  In  very  severe  cases,  and  especially  after  tonics  anr. 
change  have  been  tried  without  success,  a  method  devised  by  Weir  Mitchell 
and  extensively  carried  out  in  this  country  by  Playfair,  will  often  succeed 
It  consists  in  keeping  the  patient  absolutely  at  rest  in  bed,  and  obtainin; 
the  tonic  influence  of  exercise  by  daily  massage  and  electricity — skilled  rub 
bing  and  kneading  the  muscles,  and  putting  them  in  action  by  faradaism 
At  the  same  time  abundant  food  is  given  in  an  easily  digested  form.  Bi 
this  method  the  wearying  effects  of  fatigue  are  avoided,  and  patients  oftei 
gain  flesh  and  color  rapidly.  It  must  be  remembered,  however,  that  thi 
system  is  only  needed  in  severe  cases,  and  that  the  skilled  rubbing  and  elec 
tricity  are  essential.  Without  these  rest  in  bed  will  probably  convert  thi 
patient  into  a  helpless  invalid.  This  method  has,  however,  another  use 
it  affords  an  effective  vehicle  for  moral  treatment.  For  this  purpose  thi 
patient  is  isolated  during  the  course,  except  from  the  necessary  attendant 
The  isolation  is  not  only  of  great  influence  in  itself,  but  affords  an  oppor 
tunity  for  influencing  the  mind,  and  to  this  the  unquestionable  success  o 
the  treatment  is  largely  due.* 

Of  organic  derangements  requiring  special  treatment,  those  of  the  digest 
ive  organs  are  the  most  frequent.  They  need  special  adaptation  of  the  tonii 
treatment  and  careful  diet.  Constipation  is  often  troublesome,  and  ma; 
task  to  the  utmost  the  resources  of  the  physician  and  the  pharmacopoeia.  I 
is  of  the  greatest  importance  to  secure  daily  action  of  the  bowels,  for  whicl 
moderate  doses  of  aperients  will  often  suffice,  when  very  large  doses  ar 
ineffectual  to  overcome  the  accumulations  of  a  longer  period.  In  obstinat 
cases,  in  which  enemata  have  to  be  employed,  it  is  best  to  combine  thes 


*  The  details  of  the  treatment  are  described  in  Weir  Mitchell's  books,  "  Fat  and  Blood, 
and  "  Nervous  Diseases  in  Women,"  and  by  Playfair,  "  The  Treatment  of  Nerve  Prostrs 
tion  and  Hysteria,"  1882.  Twenty  years  ago,  Russell  Reynolds  ("  On  Paralysis  and  othe 
Disorders  of  Motion  dependent  on  Idea,"  Brit.  Med.  Journ.,  Nov.  6th,  1869^.483)  pointe 
out  the  value  of  massage  in  the  treatment  of  these  palsies. 
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with  aperients,  and  for  the  injection  to  be  given  at  the  time  at  which  th 
medicine  ought  to  act ;  the  two  influences,  thus  united,  will  often  be  e: 
fectual  when  each,  separately,  is  powerless. 

The  ovarian  tenderness  and  pain,  as  a  rule,  need  no  local  treatment ;  the 
are  neuralgic  in  nature,  depending  on  the  general  condition  of  the  nervou 
system,  and  pass  away  with  the  latter.  The  treatment  of  uterine  derang< 
ments  needs  much  judgment  and  caution.  It  has  been  already  stated  tha 
uterine  conditions  which  cause  no  obtrusive  symptoms  have  rarely  any  infli 
ence  on  the  disease,  and  they  should,  as  a  rule,  be  left  alone.  Both  amenoi 
rhcea  and  menorrhagia  disappear  when  the  general  health  is  improved.  ] 
there  are  symptoms  that  suggest  positive  uterine  disturbance,  such  as  sacra 
pain,  "  bearing  down,"  or  great  menstrual  discomfort,  the  question  c 
local  treatment  has  to  be  entertained.  If  the  patient  is  a  married  woman,  i 
is  well  that,  at  the  outset,  the  actual  condition  should  be  ascertained  by 
vaginal  examination,  and  any  distinct  derangement  put  right ;  it  bein 
remembered,  however,  that  mere  uterine  tenderness  is  often  simply  a  neuroti 
hyperaesthesia,  and  is  aggravated  instead  of  being  relieved  by  local  treal 
ment,  and  that  even  uterine  displacements  are  not  always  either  morbid  c 
remediable.  If  the  patient  is  unmarried,  local  treatment,  and  even  a  singl 
vaginal  examination,  is  often  prolific  of  indirect  evil,  and  it  is  better,  eve 
if  the  local  symptoms  are  troublesome,  to  see,  first,  the  effect  upon  them  c 
the  improvement  of  the  general  health  and  nerve  state,  and  only  when  thi 
fails  should  the  state  of  the  uterus  be  ascertained.  It  is  extremely  doubtfi 
whether  any  local  condition,  for  the  discovery  or  treatment  of  which  th 
speculum  is  necessary,  has,  in  the  virgin,  any  influence  on  the  origin  c 
course  of  the  symptoms  of  hysteria. 

The  success  that  has  followed  the  removal  of  both  ovaries  in  very  sever 
and  long-continued  cases  has  been  before  mentioned  ;  it  may  have  been  du 
much  more  to  the  direct  than  to  the  indirect  effects  of  the  operatior 
.Whether  or  not  this  is  justifiable  in  any  case -is  a  grave  and  open  question 
It  must  be  remembered  that  there  is  no  degree  of  the  disease  that  preclude 
the  hope  of  great  amelioration  by  other  means,  and  that  the  operation  i 
similar  in  its  nature  to  the  removal  of  the  testicles  of  a  man. 

The  moral  treatment  of  hysteria,  as  it  is  the  most  important,  is  also  th 
most  difficult ;  tasking  to  the  utmost  the  insight,  ingenuity,  and  persevei 
ance  of  the  physician,  and  making  a  demand  on  the  patience  and  wisdor 
of  the  sufferer  and  her  friends,  which  too  often  meets  with  so  imperfect 
response  that  the  best  efforts  are  fruitless.  In  most  cases  the  conditions  c 
home  life  in  which  the  disease  has  developed  are  not  conducive  to  recover) 
Even  when  the  moral  atmosphere  of  home  does  not  aggravate  the  disease 
its  influence  for  good  has  probably  been  long  exerted  in  vain,  and  a  wis 
change  of  scene  and  companionship  constitutes  an  important  aid  to  treal 
ment.  In  severe  cases,  however,  more  than  this  is  needed,  and  it  is  necei 
sary  that  the  patient  should  be  brought  under  the  moral  influence  of  strangers 
who  can  combine  tact  in  management,  firmness  in  control,  and  ingenuity  i 
expedient.     This  influence  may  sometimes  be  found  in  a  family  whose  hom 
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life  the  patient  may  share.  This  method,  when  practicable,  is  the  mos: 
rapid  and  effectual.  The  success  of  this  element  in  treatment  depends  or 
the  person  selected,  who  must  be  cheerful  and  discreet,  and,  if  a  nurse, 
should  possess  at  least  such  education  and  refinement  as  shall  prevent  annoy, 
ance.  The  Weir-Mitchell  treatment  offers,  as  already  mentioned,  an  alter 
native  method  of  securing  this  influence. 

The  first  step,  the  separation  of  the  patient  from  her  friends,  is  usuallj 
the  most  difficult.  Affectionate  relatives  cannot  perceive  the  wisdom,  mud 
less  realize  the  need,  for  a  proceeding  which  always  has  the  aspect  of  harsh 
ness,  and  usually  involves  distress  to  the  patient,  salutary  it  may  be,  but  no 
the  less  painful.  As  a  rule,  the  more  prejudicial  to  the  patient  home  influ 
ences  are,  the  less  easy  is  it  to  remove  her  from  them.  Now  and  then  som< 
secondary  point  in  treatment  can  be  made  to  justify  the  course  more  readilj 
than  the  primary  object.  This  is  the  case  with  the  Weir-Mitchell  treatment 
in  which  there  is  something  "  to  be  done,"  and  an  ostensible  reason  for  th< 
removal  of  the  patient.  In  a  severe  case,  if  home  influences  are  unfavor 
able,  it  is  wiser  to  decline  to  undertake  treatment  that  will  probably  end  ii 
failure  than  to  have  recourse  to  half  measures.  These  will  probably  havi 
no  other  effect  than  greatly  to  reduce  the  prospect  of  success  from  futun 
thorough  treatment  of  the  same  kind. 

The  details  of  the  moral  treatment  must  be  varied  according  to  the  indi 
vidual  character.  In  every  life  the  forces  differ  by  which  character  i: 
shaped,  and  the  result  is  the  same  in  no  two  persons.  The  first  aim  of  thi 
physician  must  be  to  learn  what  those  forces  have  been,  the  nature  of  thi 
mind  they  have  moulded,  and  by  what  influences  its  balance  has  been  dis 
turbed.  The  knowledge  may  be  derived  from  friends,  from  the  person  t< 
whose  immediate  charge  the  patient  is  committed,  or  from  the  patient  her 
self,  by  ascertaining  her  habitual  mode  of  life,  her  likes  and  dislikes,  hei 
tastes  and  occupations,  and  from  her  account  of  her  own  symptoms. 

The  object  of  moral  treatment  is  to  restore  to  the  will  the  control  whicl 
it  has  lost.  Sometimes  it  is  motive  that  is  deficient  and  has  to  be  reinforced 
and  the  influences  employed  must  be  those  to  which  the  patient's  characte 
shows  her  to  be  the  most  amenable.  To  obtain  motive  force,  irksom 
measures  are  sometimes  necessary,  adopted,  of  course,  ostensibly  for  medica 
and  not  for  moral  pui^oses,  and  it  is  in  these  cases  that  the  Weir-Mitchel 
system  is  occasionally  most  successful.  The  increase  or  relaxation  of  th 
strict  treatment  affords  an  effective  means  of  punishment  or  reward,  b 
which  the  will  may  be  stimulated  and  moral  inactivity  dispelled.  In  al 
cases  each  successful  effort  must  be  commended,  and  the  patient  made  t 
realize  the  progress  effected,  and  the  tangible  promise  of  ultimate  recover 
which  it  supplies.  Care  must,  however,  be  taken  not  to  push  the  patient  o 
too  rapidly.  When  once  the  will  has  been  won  over,  the  patient  is  apt  t 
try  too  much,  and  recovery  from  a  discouraging  relapse  may  be  far  mor 
difficult  than  was  the  original  advance.  Power  has  not  only  to  be  evoked  bi 
consolidated,  and  the  real  progress  is  often  less  than  that  which  is  apparent. 

*The  various  points  in  management  are  admirably  discussed  by  Weir  Mitchell  (loc.  cit.) 
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In  many  cases,  also,  the  art  of  control  over  mind  and  muscle  has  been  los 
and  the  will  has  to  be  reeducated  by  slow  and  gradual  steps.  The  patier 
must  be  made  to  realize  that  deliberate  endeavor,  fruitless  at  first,  will  b 
effectual  at  last,  and  that  when  the  enemy  cannot  be  conquered  by  direc 
assault  his  defences  may  be  broken  down  one  by  one,  or  a  flank  movemer 
may  succeed.  Thus,  at  first  a  direct  effort  to  control  the  onset  of  a  hyst( 
roid  fit  may  be  unsuccessful,  but  if  the  patient  can  learn  by  some  expedient 
such  as  a  sudden  exertion  or  a  slouch  with  cold  water,  to  keep  off  the  paro> 
ysm,  she  will  gradually  need  less  and  less  the  adventitious  help,  and  be  abl 
to  control  the  fit  by  a  mere  effort  of  the  will.  So  with  paralysis ;  a  delibei 
ate  and  well-intended  effort  to  walk  may  fail,  but  by  learning  to  stand,  fir: 
with  support,  then  alone,  and  then  to  walk  with  help,  the  will  slowly  regair 
its  lost  power.  Such  a  course  of  treatment  demands,  it  is  needless  to  saj 
considerable  time.  A  morbid  state,  the  accumulation  of  years,  cannot  b 
dissipated  in  a  day. 

It  might  seem  superfluous  to  caution  the  physician  against  increasing  th 
morbid  state  by  any  proceeding  of  his  own,  were  it  not  that  there  has  bee 
of  late  conspicuous  violation  of  this  obvious  rule.  Attention  is  a  poter 
intensifierof  the  symptoms  of  hysteria,  and  by  too  frequent  examination  an 
demonstration,  certain  phenomena,  such  as  anaesthesia,  may  be  kept  uj 
which  would  disappear  if  disregarded.  Especially  is  this  caution  necessar 
regarding  the  induction  of  the  hypnotic  state  and  of  convulsive  phenomena 
The  influence  of  such  induction  on  the  patient  is  distinctly  prejudicial,  4inter 
sifyingthe  morbid  condition,  and  on  no  account  should  a  proceeding  whic 
may  in  any  degree  do  the  patient  harm  be  permitted  or  adopted  merely  t 
gratify  a  scientific  curiosity. 

Apart  from  the  tonics  already  mentioned,  certain  drugs  have  for  man 
centuries  been  held  in  repute  as  powerful  "anti-hysterical"  remedies 
They  are  for  the  most  part  substances  of  nauseous  taste  (musk,  asafcetida 
valerian,  etc.),  and  their  early  use  was  associated  with  the  theory  that  by  thei 
offensive  character  they  drove  the  errant  uterus  back  to  its  place.  Althoug 
by  some  recent  writers  their  influence  for  good  is  discredited,  they  are  sti 
largely  employed.  Most  of  them  undoubtedly  have  a  stimulant  action  o 
the  nervous  system,  which  is  imperfectly  recognized  by  their  designation  i 
"antispasmodics."  Their  flavor  is  usually  (though  not  always)  most  dii 
tasteful  to  the  patient,  and  the  desire  to  escape  from  the  necessity  of  takin 
them  may  constitute  some  stimulus  to  the  will.  This  indirect  moral  infli 
ence  cannot  be  denied,  and  although  it  is  slight,  and  may  be  entirely  impc 
tent  against  adverse  circumstances,  yet  it  is  sometimes  distinct,  and  eve 
when  trifling  is  not  to  be  despised  in  the  treatment  of  a  disease  which  mak< 
the  utmost  demands  on  the  resources  of  the  physician.  Distinct  improvi 
ment  sometimes  follows  their  use,  even  when  (as  in  hospital  out-patients)  th 
patient's  circumstances  remain  otherwise  unaltered.  Asafcetida,  Valeria 
and  turpentine  have  been  those  which  have  been,  in  my  experience,  the  mo: 
useful.  Valerianic  acid  in  the  form  of  valerianate  of  zinc,  is  as  useful  as  th 
vegetable  product.    Morphia,  in  stimulant  doses  (A  grain)  is  also  sometime 
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serviceable.  Large  doses  of  opium  were  formerly  given,  but  are  now  lit'tfc 
used.  Bromides  are  occasionally  of  service  for  insomnia  and  restlessness, 
and  for  mental  derangement,  but  their  value  in  hysteria  is  not  so  great  a; 
their  influence  in  other  diseases  might  lead  us  to  anticipate.  Narcotics  musi 
be  employed  only  with  great  caution,  since  the  tendency  to  their  habitua 
use  is  very  strong  in  the  subjects  of  hysteria,  who  furnish  most  of  the  habitua 
chloral  drinkers  met  with  among  women.  If  chloral  is  given  at  all  it  shoulc 
be  without  the  patient's  knowledge,  a  pseudonym,  known  to  the  chemist 
being,  if  necessary,  employed  in  the  prescription. 

Treatment  of  Particular  Symptoms. — The  general  principles  of  treatmen 
are  applicable  to  all  cases  of  hysteria ;  the  modifications  needed  to  suit  the 
endless  varieties  of  the  disease  must  be  left  to  a  large  extent  to  the  commor 
sense  of  the  practitioner.  Some  special  symptoms  may,  however,  requin 
special  measures ;  others  will  disappear  when  the  general  disease  is  treated. 

Mere  local  tenderness  of  ovaries,  spine,  etc.,  may  usually  be  left  alone 
Sometimes  its  disappearance  is  facilitated  by  counter- irritation,  as,  foi 
instance,  by  repeated  sinapisms  and  by  rubbing,  at  first  gentle  and  afterwarc 
more  firm.  Supports  to  the  spine,  poroplastic  jackets  and  the  like,  are  bette: 
avoided.  They  may  give  temporary  relief,  but  the  patient  becomes  depend 
ent  upon  them,  they  cannot  easily  be  given  up,  and  they  increase  the  diffi 
culty  of  effecting  a  radical  cure.  The  various  spontaneous  pains  can  rareli 
be  left  without  some  local  attempt  at  their  relief — local  application  of  chloro 
form,,  counter-irritation,  and  hypodermic  injections  of  simple  water  o 
atropine  or  of  cocaine  are  the  most  useful.  Hypodermic  injection  of  mor 
phine  always  gives  relief,  but  is  a  dangerous  remedy  ;  it  should  very  rarel; 
be  employed  for  hysterical  neuralgia,  and  the  hypodermic  syringe  shoulc 
never  be  placed  in  the  patient's  hands.  Care  must  be  taken  to  avoi( 
increasing  the  amount  of  attention  given  to  the  pain  by  local  measures 
Patients  should  be  encouraged  to  disregard  it,  and  to  exert  themselves  ii 
spite  of  it.  It  is  remarkable  how  much  is  sometimes  endured  in  the  shape  o 
counter-irritation,  the  actual  cautery,  etc.,  by  a  patient  kept  in  bed  oi 
account  of  hysterical  neuralgia,  which  is  quickly  forgotten  if  she  can  b 
induced  or  compelled  to  get  up  and  exert  herself  in  some  active  way.  Th 
various  unpleasant  sensations  short  of  pain — numbness,  tuigling,  and  th 
like — need  no  special  treatment,  or  .may  usually  be  removed  by  bromide 
Hyperesthesia  of  the  special  senses  generally  vanishes  if  it  is  not  fosterer 
by  unwise  attention. 

Anaesthesia  also  will  often  pass  away  if  it  is  disregarded  and  is  not  pei 
petuated  by  repeated  medical  investigation.  If  its  degree  and  persistenc 
renders  local  treatment  desirable,  faradization  with  a  wire  brush,  or  sparl 
from  a  friction  machine,  are  the  most  effectual.  Amaurosis  may  be  treate 
by  stimulation  of  the  retina  by  a  feeble  voltaic  current,  slowly  interruptec 
Loss  of  hearing  and  of  taste  need  no  special  treatment. 

Hysterical  aphonia  sometimes  yields  at  once  to  exhortation  or  to  th 
introduction  of  the  laryngoscope.  It  can  usually  be  removed  by  faradaisi 
applied  to  the  exterior  of  the  larynx,  the  patient  being  made  to  utter 
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sound  during  the  operation.  If  this  fails,  sparks  from  a  static  machine  ma 
succeed.  In  obstinate  cases,  faradaism  to  the  interior  of  the  larynx  or 
circular  blister  round  the  throat  are  usually  effectual,  but  I  have  nev< 
found  the  former  necessary.  Aphonia  is  very  prone  to  relapse  unless  i 
removal  is  combined  with  radical  treatment.  In  the  defective  coordinatio 
of  the  respiratory  and  laryngeal  muscles,  Weir  Mitchell  has  found  th 
most  effectual  plan  is  to  insist  on  all  utterances  being  preceded  by  a  dee 
inspiration. 

For  paralysis  of  the  limbs,  no  single  remedy  is  so  effectual  as  faradaisrr 
The  movement  of  the  muscles,  and  the  pain  produced  have  often  a  profoun 
effect.  In  slight  cases  the  full  power  of  movement  may  be  restored  by 
single  application.  More  often  its  use  has  to  be  repeated,  and  the  effect  i 
gradual,  each  application  being  followed  by  a  slight  increase  in  power.  ] 
is  important  that  the  patient  should  expect  the  gain  in  power  which  wi! 
follow  its  use.  In  severe  cases,  the  calls  to  increased  effort  must  be  ver 
gradual  and  systematic,  care  being  taken  that  no  attempt  is  allowed  to  fa 
entirely,  or  is  prolonged  to  fatigue.  In  severe  incoordination,  the  powe 
of  steady  movement  has  to  be  carefully  and  gradually  trained  ;  if  necessary 
first  in  bed  and  then  on  "all  fours,"  the  erect  position  being  graduall 
assumed.  Great  assistance  is  often  derived,  in  both  ataxy  and  weakness 
from  a  steady  frame  on  wheels,  or  from  sticks  or  crutches  which  have  a  con 
cave  handle  for  the  grasp  and  a  large  flat  base,  eight  inches  by  two,  covere< 
with  india-rubber,  as  suggested  by  Weir  Mitchell. 

Contracture  of  limbs  can  sometimes  be  removed  by  an  unfamiliar  agen 
which  produces  a  strong  sensory  and  moral  impression,  such  as  faradaism,  o 
static  electricity,  or  a  circular  blister  around  the  limb.  If  these  fail,  mor< 
gentle  and  continuous  measures  must  be  adopted.  Violent  physical  force  i 
seldom  successful,  and  not  rarely  does  harm,  failing  to  relieve  the  symptoms 
and  inducing  other  nerve  troubles.  Occasionally,  contracture  may  b 
removed  by  chloroform,  and  the  relaxed  limb  fixed  in  some  other  postur 
before  the  patient  recovers  consciousness.  More  permanently  successful 
however,  is  rubbing  (which  rarely  fails,  for  a  time,  to  lessen  the  contracture) 
combined  with  gentle  passive  movements,  and  the  position  of  the  limb  ma; 
be  slowly  changed  by  means  of  splints.  The  voltaic  current  is  rarely  o 
service.  When  the  contraction  is  lessened,  systematic  voluntary  movement 
should  be  added.  Many  forms  are  extremely  obstinate,  and  their  treatmen 
requires  great  patience  and  perseverance.  Contraction  of  the  muscles  o 
the  jaw  is  an  exception,  and  generally  disappears  spontaneously  if  disre 
garded. 

Phantom  tumors  in  the  abdomen  are  best  left  alone.  They  cause  littl 
inconvenience,  and  are  often  perpetuated  by  local  treatment.  Faradaisn 
to  the  muscles  which  are  relaxed  will  lessen  the  prominence  during  the  appli 
cation,  and  this,  sometimes  combined  with  rubbing,  may  be  employed  if  an; 
local  treatment  is  thought  desirable. 

The  tremor-like  forms  of  clonic  spasm  are  merely  accessory  to  the  weak 
ness  and  contracture,  and  disappear  with  these.     More  violent  local  spasm 
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are  sometimes  removed  by  a  circular  blister  around  the  limb.  They  are 
occasionally  extremely  obstinate,  and  resist  all  symptomatic  treatment, 
yielding  only  to  the  radical  amelioration  of  the  hysteroid  state.  This  is 
true,  also,  of  rhythmical  spasm,  which,  however,  as  a  rule,  is  more  amenable 
to  treatment,  and  is  sometimes  arrested  by  hypodermic  injection  of  mor- 
phia, atropine,  or  arsenic.  The  occasional  use  of  morphia  for  such  a  symp- 
tom entails  less  danger  than  its  employment  for  the  relief  of  pain. 

The  visceral  symptoms  of  hysteria  also  give  great  trouble.  In  anorexij 
and  refusal  of  food,  the  patient  must  be  compelled  to  take  liquid  or  pulpj 
food,  and  it  is  often  best  for  the  nurse  to  feed  the  patient.  If  even  this  is 
refused,  the  nasal  tube  may  be  employed,  or  rectal  injections  ;  these  opera 
tions  are  often  interfered  with  by  the  occurrence  of  hysteroid  convulsions, 
which  usually  prevent  the  employment  of  the  stomach  pump.  The  nasa 
tube  should  not  be  deferred  too  long ;  its  moral  effect  is  very  great,  and  maj 
save  much  further  trouble.  By  its  means  or  the  oesophageal  tube  the  fooc 
may  be  given  prepared  as  described  below.* 

Hysterical  vomiting  is  often  most  troublesome,  both  on  account  of  it! 
obstinacy  and  of  the  impaired  nutrition  to  which  it  may  give  rise.  It  i: 
best  treated  by  absolute  rest,  liquid  food,  and  the  spare  feeding  which  res 
renders  adequate.  The  rejection  of  food  should  be  met  by  judicious  dis 
gust,  and  a  more  liberal  diet  may  be  promised  on  its  cessation.  Seven 
vomiting  is  one  of  the  symptoms  for  the  treatment  of  which  seclusion  i 
essential.  When  other  means  fail,  forced  feeding  by  the  stomach  pump  ha 
been  successful.  The  avoidance  of  the  act  of  swallowing  seems  to  havi 
something  to  do  with  its  effect  in  arresting  the  vomiting,  since  when  injecte< 
food  had  for  some  time  been  retained,  that  taken  in  the  ordinary  way  ma] 
still  be  vomited  (Dujardin-Beaumetz). 

The  vasomotor  symptoms  of  hysteria  rarely  yield  to  direct  treatment 
Occasionally  digitalis  lessens  the  palpitation,  and  the  flushings  and  cardia 
discomfort  are  relieved  by  belladonna ;  but  in  spite  of  the  apparent  inde 
pendence  of  these  troublesome  symptoms,  the  radical  treatment  of  th 
disease  is  usually  the  only  means  of  affording  more  than  temporary  relief. 

The  treatment  of  the  cases  which  present  hysteroid  convulsions  raus 
vary  according  to  the  nature  of  the  seizures.  It  has  been  mentioned  ths 
the  attacks  of  which  such  convulsions  are  the  conspicuous  feature  may  b 
really  compound,  consisting  of  a  true  epileptic  fit  and  of  hysteroid  convu 
sion  as  a  post-epileptic  phenomenon.  In  such  cases  the  treatment  has  t 
be  that  for  epilepsy,  and  bromides  do  most  good.  Where,  however,  ther 
is  no  real  epileptic  element,  and  the  attacks  are  purely  hysteroid,  bromid< 

*  Debove,  who  has  largely  employed  this  forced  feeding,  recommends  that  the  daily  quai 
tity  should  be  5  pints  of  milk,  1%  pounds  of  meat,  12  eggs,  and  the  flour  of  cooked  ar 
dried  lentils.  The  raw  meat  is  minced,  warmed,  pressed,  placed  in  a  stove  and  drU 
thoroughly,  and  reduced,  in  a  mortar,  to  an  extremely  fine  powder.  The  lentils  should  al 
be  cooked  and  then  pounded.  The  whole  is  mixed  with  the  milk  and  with  the  beaten-> 
eggs, and  given  in  four  or  five  injections  into  the  stomach  (Gaz.  Mid.  de  Paris,  18& 
p.  206). 
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usually  fail,  and  other  agents  sometimes  succeed.  Moral  treatment  has 
great  influence  on  many  of  these  cases.  The  attacks  often  cease  at  one 
when  the  patient  is  admitted  to  a  hospital.  If  they  do  not,  she  should  b 
urged  to  endeavor  to  control  them.  The  attempt  will  often  be  aided  b 
the  effect  of  drugs  in  rendering  the  attacks  less  severe,  and  the  patier. 
should  be  impressed  with  the  fact  that  attempts  at  .control,  which  ma 
have  failed  before,  will,  thus  aided,  be  less  difficult.  When  direct  contrc 
fails,  various  expedients  may  afford  help,  as  cold  water,  smelling-salts,  etc. 

Drugs  exert  more  influence  on  the  convulsions  than  on  many  of  the  othe 
symptoms  of  hysteria.  Those  that  are  most  useful  are  the  valerianate  c 
zinc,  iron,  morphia,  and  turpentine.  Iron  appears  to  do  good  by  a  specie 
action  on  the  nerve  centres,  apart  from  its  haematinic  effect,  and  is  espe 
daily  useful  in  the  hysteroid  attacks  which  occur  in  boys.  Turpentine  ma 
be  given  in  ten-minim  doses,  gradually  increased  until  slight  symptoms  c 
strangury  are  produced,  when  it  must  be  omitted  for  a  few  days.  It  is  pej 
haps  more  useful  than  any  other  single  remedy. 

The  onset  of  slight  hysterical  seizures,  emotional  in  character,  may  ofte 
be  averted  by  an  "antispasmodic"  draught  of  ether,  lavender,  etc.,  am 
sometimes  by  the  inhalation  of  nitrite  of  amyl.  The  developed  attac 
may  also  be  usually  arrested,  although  the  means  most  effectual  for  this  are  nc 
the  same  in  all  cases.  A  douche  of  cold  water  on  the  head  often  succeeds 
but  it  sometimes  needs  to  be  very  copious  ;  the  first  jugful  may  only  increas 
the  violence  of  the  convulsion,  and  a  second  may  arrest  it.  When  s 
much  water  is  needed,  it  is  a  clumsy  remedy.  A  few  teaspoon  fuls  pourei 
into  the  mouth,  or,  if  this  is  closed,  into  the  nostrils,  are  often  at  one 
effectual,  apparently  by  stimulating  the  respiratory  centre.  The  sam 
result  may  readily  be  effected  by  Dr.  Hare's  plan  of  closing  the  mouth  am 
nose  with  a  towel  for  fifteen  or  twenty  seconds.  Sternutatories  usually  fail 
Another  method  of  cutting  short  an  attack  is  a  painful  impression.  1 
ovarian  (or  other  hysterogenic)  tenderness  is  known  to  exist,  firm  pressure  a 
the  spot  will  often  succeed,  but  considerable  force  has  to  be  employed  ti 
overcome  the  rigidity  of  the  abdominal  muscles,  and  the  pressure  must  b 
maintained  for  several  minutes,  or  the  attack  will  recommence. 

Cutaneous  faradization  is  another  very  effectual  remedy,  and  a  curren 
from  a  small  magneto-electric  machine  answers  very  well.  The  electrode 
may  be  applied  almost  anywhere,  on  the  two  hands,  or  from  the  neck  to  th« 
hand  ;  a  strong  current  must  be  used.  Where  all  other  advantages  fail, 
have  found  the  hypodermic  injection  of  a  twelfth  or  sixteenth  of  a  grain  o 
apomorphia  invariably  successful.  It  causes  vomiting  in  six  or  eight  minutes 
and  with  the  nausea,  which  comes  on  in  about  four  minutes,  all  spasm  ceases 
and  the  patient  regains  perfect  consciousness.  In  the  paroxysms  of  laryn 
geal  spasm,  which  often  resist  all  other  influences,  apomorphia  is  alway 
effectual.  If  it  is  not  at  hand,  nausea  and  vomiting  may  be  induced  b; 
tickling  the  fauces.  The  arrest  of  attacks  by  apomorphia  is  not  a  pleas 
ant  process  to  the  patient,  and  has  a  powerfully  moral  effect  in  lessening  thi 
tendency  to  their  occurrence.  ' 
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TRANCE  AND  CATALEPSY. 
A  curious  group  of  diseases  have  for  their  characteristic  the  occurrence  o 
a  state  of  sleep-like  unconsciousness,  which  is  called  "  catalepsy"  when  iti 
accompanied  by  a  peculiar  plastic  state  of  the  limbs,  and  "trance"  o 
"lethargy"  when  this  condition  of  the  limbs  is  absent.  These  condition 
are  most  common  in-  the  subjects  of  hysteria,  but  occur  sometimes  in  state 
of  weakness  or  exhaustion  of  the  nervous  system  when  there  are  no  pro 
nounced  hysterical  symptoms.  They  may  often  be  induced  by  the  method: 
termed  "Mesmerism,"  and  "hypnotism."  The  conditions  thus  pro 
duced  were  long  ago  studied  by  Braid,  Elliotson,  and  others,  but  the  extraor 
dinary  susceptibility  presented  by  the  elaborate  hysterics  of  France  ha 
enabled  them  to  be  re-investigated  in  a  more  scientific  manner,  by  Charcot 
Fere,  and  others.  These  investigations  have  yielded  many  very  curioui 
facts,  and  an  enormous  amount  has  been  written  on  the  subject  during  thi 
last  few  years,  but  its  practical  importance  in  medicine  is  not  considerable 
The  phenomena  may  possibly  throw  light  on  some  obscure  points  in  thi 
physiology  of  the  nervous  system,  but  their  chief  importance  at  present  i 
due  to  their  correspondence  with  the  similar  states  that  arise  spontaneously 
Hence  a  very  brief  outline  of  the  most  important  facts  may  be  given. 

INDUCED  HYPNOTISM. 

Three  different  conditions  may  be  produced  in  the  hysterical,  and  hav< 
been  thus  summarized  by  Charcot.* 

i.  A  cataleptic  condition  may  arise  under  the  influence  of  some  loud,  un 
expected  sound  or  dazzling  light,  or  persistent  fixation  of  an  object  by  thi 
eyes.  It  may  also  occur  as  a  sequel  to  the  second  form,  the  state  of  lethargy 
if  the  eyelids  of  the  lethargic  patient  are  raised  in  a  well-lighted  room.  Thi 
cataleptic  condition  is  characterized  by  rigid  fixation  of  the  limbs,  with  opei 
eyes,  a  stiff  look,  and  slow  breathing.  In  spite  of  the  fixation  of  the  limbs 
they  can  be  moved  passively  with  great  readiness,  and  remain  in  whateve 
posture  they  are  placed,  without  apparent  fatigue.  Very  little  evidenc 
of  myotatic  irritability  can  be  elicited.  The  skin  is  completely  anaesthetic 
but  the  organs  of  special  sense  retain  their  sensibility,  at  least  in  part,  an< 
through  their  means  the  subject  can  be  induced  to  perform  automatic  action 
of  a  more  or  less  complicated  character,  by  imitation  or  by  the  suggestion 
of  description,  but  when  left  to  herself  relapses  into  the  state  of  statuesqu 
rigidity. 

2.  The  lethargic  condition.  A  person  in  the  cataleptic  state  just  describe! 
may  pass  into  the  lethargic  condition  on  the  occurrence  of  a  deep  inspira 
tion,  or  the  transition  may  be  induced  by  closing  both  eyes,  or  by  darken 
ing  the  room.  The  condition  may  be  primarily  induced  by  prolonged  fixa 
tion  of  the  eyes.  In  this  state  the  eyes  are  closed  or  half  closed,  and  th 
globes  deviate  upward  and  inward.  There  is  complete  relaxation  of  th 
muscles,  and  the  limbs  fall  when  raised.     Myotatic  irritability  is  greatl 

*  Progris  Mid.,  1882,  p.  1 24. 
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augmented,  and  there  is  an  extraordinary  increase  in  the  mechanical  excita 

bility  of  the  nerves  and  muscles,  so  that  contraction  follows  not  only  a  ta] 

on  the  muscles  but  pressure  on  the  nerves.     A  pointed  object  pressed  on  thi 

"  motor  point  "  of  a  muscle  will  put  it  in  action,  just  as  does  faradaism.     Ii 

the  limbs  and  trunk  the  contractions   thus  produced  continue ;  they  ma' 

even  persist  after  the  patient  has  emerged  from  the  lethargy,  and  can  onb 

be  removed  by  stimulation  of  the  antagonists.     In  the  face  the  contractioi 

ceases  when  the  pressure  is  discontinued.     There  is  complete  anaesthesia,  no 

only  in  the  skin  but  also  in  the  organs  of  special  sense.     If  the  eyelids  ar 

raised  in  a  lighted  room,  the  lethargy  passes  into  the  first  condition,  that  c 

catalepsy,  and  if  only  one  eyelid  is  raised  the  change  occurs  only  on  th 

corresponding  side,  so  that  the  two  conditions  coexist  and  can  be  contrasted 

3.  The  third  condition  is  termed  somnambulistic.     It  may  develop  pr 

marily  on  persistent  fixation  of  an  object  by  the  eyes,  or  through  the  action  c 

a  repeated  monotonous  sensory  impression,  and  it  may  be  produced  also  ii 

the  condition  of  catalepsy  or  lethargy  by  gently  rubbing  the  top  of  the  skull 

In  this  condition  the  eyes  are  closed  or  half  closed  ;  there  is  a  sleepy  look 

the  relaxation  of  the  limbs  is  less  complete  than  in  the  lethargic  condition 

myotatic  irritability  is  normal,  and  there  is  not  the  hyper-excitability  of  th 

nerves  and  muscles  that  characterizes  the  state  of  lethargy,  but  rigidity  c 

the  limbs  may  be  produced  by  gently  stroking  the  skin,  and  there   is  the 

considerable  resistance  to  passive  movement.     Sensibility  is  not  lost,  an 

there  is  an  increased  sensitiveness  to  certain  cutaneous  impressions.     Aut( 

matic  actions  of  complex  character  can  readily  be  produced  by  exampk 

This  condition  can  be  made  to  pass  into  the  lethargic  state,  with  neuro-mu: 

cular  hyper-excitability,  by  gentle  pressure  with  the  finger  on  the  eyeball: 

Similar  phenomena  may  be  produced  in  many  hysterical  patients  in  th 

country.     When  the  tendency  to  these  conditions  is  strong,  the  patien: 

often  pass  into  them  spontaneously. 

CATALEPSY. 

Spontaneous  catalepsy  has  been  met  with  in  both  sexes  and  at  most  agei 
from  six  to  sixty,  but  it  is  most  frequent  in  the  female  sex  and  in  early  adu 
life.  It  thus  occurs  chiefly  when  hysteria  is  most  common,  and  in  moi 
cases  there  are  other  distinct  symptoms  of  this  neurosis ;  when  there  are  no 
the  cause  of  the  disorder  is  generally  such  as  might  give  rise  to  an  hysteric; 
attack.  Nervous  exhaustion  is  the  common  predisponent,  and  frequer 
immediate  causes  are  emotional  disturbance,  especially  religious  excitemen 
sudden  alarm,  or  blows  on  the  head  or  back.  It  occasionally  occurs  in  th 
course  of  mental  affections,  especially  melancholia,  and  has  been  said  I 
occur  in  epilepsy,  but  its  connection  with  the  latter  disease  is  very  doubtfu 
In  an  imperfect  form,  it  has  been  supposed  to  be  a  consequence  of  malari 
poisoning,  and  has  been  observed  in  some  toxic  conditions,  such  as  chlon 
form  narcosis.  Very  rarely  a  similar  condition  has  been  met  with  in  tl 
course  of  some  organic  diseases  of  the  brain,  especially  in  meningitis. 

Symptoms. — In  some  cases  headache,  giddiness,  or  hiccough,  has  precede 
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the  attack.  The  onset  of  the  special  symptoms  is  usually  sudden,  commonly 
with  loss  of  consciousness.  The  whole  or  part  of  the  muscular  system  passes 
into  a  state  of  rigidity.  The  limbs  remain  in  the  position  they  occupied  at 
the  onset,  as  if  petrified.  The  muscular  rigidity  is  at  first  considerable,  and 
movement  is  resisted ;  but  after  a  short  time  the  limbs  can  be  moved,  and 
then  remain  in  any  position  in  which  they  may  be  placed.  The  resistance 
to  passive  movement  is  peculiar ;  it  is  as  if  the  limbs  were  made  of  wax,  and 
hence  the  condition  has  been  termed  flexibilitas  cerea.  The  rigidity  com- 
monly yields  slowly  to  gravitation.  The  countenance  is  usually  expression- 
less. The  respiratory  movements  and  heart's  action  are  weakened.  Sub- 
stances placed  in  the  back  of  the  mouth  are  swallowed,  but  slowly.  The 
state  of  sensibility  varies  ;  in  profound  conditions  of  catalepsy  it  is  lost  to 
touch,  pain  and  electricity,  and  no  reflex  movements  can  be  induced  even 
by  touching  the  conjunctiva.  In  other  cases  partial  sensibility  remains,  and 
reflex  phenomena  may  be  excited.  In  rare  instances  paroxysmal  hyperes- 
thesia is  present.  Consciousness  is  frequently  lost,  but  may  remain  more  or 
less  obscured,  rarely  intact.  The  temperature  is  commonly  lowered.  The 
attack  may  last  a  few  minutes  or  several  hours.  Recovery  is  gradual  or  sud- 
den ;  it  is  common  for  the  patient  at  first  to  be  unable  to  speak.  Sometimes 
a  strange  periodicity  may  be  observed  in  the  occurrence  of  the  paroxysms. 
In  the  intervals  between  the  attacks,  headache,  giddiness,  or  hysterical  mani- 
festations may  be  present,  or  the  patient  may  feel  and  seem  perfectly  well. 

Pathology. — The  pathology  of  catalepsy  can  only  be  guessed  at  from  the 
character  of  the  symptom.  There  is  apparently  a  continuous  stimulation  of 
the  muscles  by  some  of  the  motor  centres,  which  pass  into  a  state  of  pecu- 
liar over-action,  probably  in  consequence  of  the  withdrawal  of  some  restrain- 
ing influence,  combined  with  the  stimulation  produced  by  certain  sensory 
impressions.  The  condition  seems  thus  to  be  neither  purely  central  nor 
purely  reflex,  but  a  combination  of  both. 

The  Diagnosis  of  the  condition  presents  no  difficulty.  Many  cases  of 
simple  trance  have  been  included  under  the  term  "catalepsy,"  but  it  is 
better  to  restrict  the  name  to  the  condition  in  which  the  peculiar  rigidity 
exists.  The  prognosis  is  favorable  in  simple  catalepsy  in  proportion  to  the 
freedom  of  the  intervals  from  affections  of  sensibility  or  motion.  In  pro- 
nounced hysteria  and  psychical  affections  the  condition  is  often  obstinate. 

Treatment.— During  the  attack  itself  little  can  be  done  save  an  attempt, 
which  may  be  repeated  at  intervals,  to  rouse  consciousness  by  external  stimu- 
lation. The  ordinary  applications,  ammonia  to  the  nostrils,  cold  douches, 
etc.,  often  fail.  A  pinch  of  snuff  will,  however,  often  succeed.  Another 
effectual  stimulant  is  faradaism,  which  may  be  applied  to  a  limb  or  to  the  cer- 
vical spine.  The  current  should  be  gentle  at  first,  and  gradually  increased. 
Emetics  are  also  useful  in  cutting  short  an  attack.  Injections  of  tartar 
emetic  into  the  veins  have  been  used  with  success,  but  can  hardly  be  recom- 
mended. The  subcutaneous  injection  of  apomorphia,  ^  to  ^  of  a  grain,  is 
a  safe  and  efficient  remedy  for  such  paroxysmal  conditions  (see  p.  1329).  In 
the  intervals  between  the  attacks  the  treatment  is  that  of  hysteria. 
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TRANCE;  LETHARGY. 

Trance  or  lethargy,  as  it  occurs  spontaneously,  is  a  peculiar  sleep-like 
state,  from  which  the  patient  cannot  be  roused,  or  can  be  roused  only  imper- 
fectly, and  which  is  not  due  to  organic  disease  of  the  brain  or  to  any  poison. 
The  morbid  state  in  which  a  patient  has  paroxysmal  attacks  of  true  sleep, 
from  which  he  can  be  completely  roused,  should  be  distinguished  from  true 
trance. 

Causes. — Trance,  like  catalepsy,  occurs  chiefly  in  association  with  hys^ 
teria,  and  has  the  same  general  causation.  But  the  condition  is  rare.  Briquet 
met  with  only  three  cases  among  the  large  number  of  cases  of  hysteria  he 
had  observed.  Only  four  cases  have  come  under  my  own  notice.  Most  of 
the  subjects  are  females  between  twelve  and  thirty;  rarely  it  occurs  in 
children  or  young  men ;  still  more  rarely  in  adult  men.  Neuropathic 
heredity  often  exists ;  the  mother  of  one  patient,  for  instance,  was  insane. 
Among  rare  causes  that  have  been  described  are  excessive  brain  work,  and 
exhausting  diseases  such  as  typhoid  fever.  Injury  to  the  head  has  sometimes 
been  followed  by  it,  apparently  rather  through  the  emotional  disturbance  than 
through  any  physical  lesion.  Thus  one  patient,  who  had  an  attack  after  a 
blow  on  the  head,  had  had  similar  attacks  in  connection  with  mental  depres- 
sion (Marduel).  Emotional  disturbance  is  often  the  immediate  excitant,  or 
an  attack  may  follow  an  hysterical  convulsion.  Weir  Mitchell  has  described 
a  case  in  which  conversation  on  any  unpleasant  subject  would  bring  on  an 
attack.  In  one  celebrated  case,  that  of  Colonel  Townsend,  the  state  could 
be  induced  voluntarily,  and  in  one  attack  so  induced  he  died.  Voluntary 
induction  is  not  uncommon  in  the  East.  The  production  of  the  state  in  hys- 
terical subjects  has  been  already  described. 

Symptoms. — The  onset  is  usually  sudden.  In  one  case  that  came  under 
my  notice,  a  girl  went  into  a  room  by  herself,  and  was  found,  shortly  after- 
ward, in  a  state  of  trance  sleep  that  lasted  forty-eight  hours.  Another  case, 
recorded  by  Madden,  came  on  under  similar  circumstances,  and  lasted  for  a 
fortnight.  The  onset  has  been  occasionally  attended  by  a  sensation  resem- 
bling the  globus  hystericus.  In  the  cases  after  typhoid  the  delirium  of  the 
fever  has  passed  into  a  condition  of  comatose  sleep  that  lasted  for  several 
weeks ;  this  sequel  may  be  connected  with  the  marked  mental  weakness  or 
loss  of  speech  that  sometimes  succeeds  this  disease. 

During  the  trance  sleep  the-  face  is  usually  pale.  The  limbs  are  relaxed, 
as  a  rule,  throughout  the  attack,  but  sometimes  there  has  been  brief  initial 
stiffness,  or  occasional  transient  cataleptic  rigidity ;  tonic  spasm,  and  distinct 
hysteriod  convulsions  have  occurred  from  time  to  time  in  some  cases.  The 
eyelids  are  closed,  and  attempts  to  open  them  are  resisted.  The  eyeballs  are 
usually  directed  upward  and  to  one  side ;  the  pupils  are  moderately  dilated 
or  contracted,  and  almost  always  act  to  light.  Reflex  action  in  the  limbs 
has  been  lost  in  deep  trance,  increased  in  slight  cases,  and  cutaneous  stimu- 
lation sometimes  induces  muscular  contracture.  The  reflex  action  from  the 
conjunctiva  and  nose  may  even  be  lost,  and  pressure  on  the  ovarian  region, 
if  this  was  tender,  may  have  no  effect.    In  profound  trance  the  mental  func- 
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tions  seem  to  be  in  complete  abeyance,  but  in  slighter  degrees  the  patient  may 
be  aware  of  all  that  passes,  although  unable  to  make  even  the  slightest  mani- 
festation of  consciousness.  The  special  senses  may  even  be  unnaturally  acute. 
Occasionally  there  is  evidence  of  spontaneous  mental  action,  analogous  to 
dreaming,  manifested  by  exclamations,  and  even  by  movements ;  in  rare 
cases,  there  is  the  "obedient  automatism"  so  conspicuous  in  the  induced 
trance,  in  which  hallucinations  can  be  induced  and  actions  excited,  by  sug- 
gestions made  to  the  patient. 

The  pulse  is  small  and  the  sounds  of  the  heart  are  weaker  than  normal, 
and  have  even  been  scarcely  audible.  Its  frequency  may  be  normal, 
increased,  or  lessened ;  in  one  case  it  fell  to  40  per  minute  (Weir  Mitchell). 
The  respiration  may  present  similar  changes,  and  may  become  so  gentle  and 
deliberate  as  to  be  scarcely  perceptible  ;  it  is  said  that  even  a  mirror  over 
the  mouth  may  be  undimmed.  Rhythmical  variations  have  been  observed. 
The  temperature  is  normal  in  the  central  parts,  lowered  in  the  periphery. 
Urine  may  be  retained  in  the  bladder  or  passed  into  the  bed.  Thus,  the 
extreme  degree  of  trance  may  involve  such  a  depression  of  the  vital  func- 
tions that  the  patient  may  seem  to  be  dead.  This  state  has  been  called 
"death  trance,"  and  has  furnished  the  theme  for  many  a  sensational  story, 
but  the  most  ghastly  incidents  of  fiction  have  been  paralleled  by  authenti- 
cated facts. 

The  duration  of  trance  has  been  a  few  hours,  a  few  days,  or  several 
weeks.  Rarely  it  has  been  said  to  last  for  many  months.  In  cases  that  last 
more  than  a  few  days,  there  are  remissions  in  which  the  patient,  half  awake, 
will  take  food  and  then  relapse  into  stupor.  In  cases  of  long  duration  the 
trance  after  a  time  gets  less  profound.  The  termination,  if  sudden,  may  be 
accompanied  by  vasomotor  disturbance,  and  even  by  extravasations  into  the 
skin.  In  one  case  of  death  trance  it  is  said  that  the  preparations  for  fasten- 
ing down  the  coffin  lid  caused  a  copious  sweat  to  break  out.  After  pro- 
longed trance  has  passed  away,  profound  nervous  prostration  remains  for  a 
time,  sometimes  with  mental  dullness.  The  condition  may  recur,  even  many 
times.  A  soldier  slept  for  seventy  or  eighty  hours  on  six  occasions  during 
the  course  of  two  years  (Marduel).  Most  cases  end  favorably.  The  extreme 
depression  of  the  vital  functions  seems  to  enable  life  to  be  maintained  for  a 
long  time  on  a  very  small  amount  of  nourishment.  A  few  cases  of  death 
are  on  record  ;  in  one  of  these  the  trance  succeeded  typhoid  fever. 

Pathology. — No  changes  have  been  found  after  death  to  explain  the 
nature  of  trance,  which  is  as  mysterious  as  is  that  of  ordinary  sleep.  It 
cannot  be  explained  by  the  assumption  of  mere  cerebral  anaemia,  for  this 
may  be  profound  without  trance,  and  the  signs  of  vascular  depression  com- 
monly succeed  the  onset.  The  phenomena,  viewed  in  the  light  of  the 
induced  varieties,  suggest  rather  a  state  of  inhibition  or  arrest  of  action  of 
the  nerve  cells  subserving  the  higher  psychical  functions,  and  that  the  mor- 
bid state  spreads  to  lower  centres  in  varying  degree. 

Diagnosis. — The  diagnosis  of  trance  rests  on  the  impossibility  of  rousing 
the  sleeper,  combined  with  the  absence  of  any  evidence  of  a  local  cerebral 
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lesion  or  a  toxic  cause.  Other  diagnostic  symptoms  are  the  pallor  and 
vascular  depression,  the  occurrence  of  convulsive  phenomena  of  hysteroid 
type,  and  the  previous  occurrence  of  other  manifestations  of  hysteria. 
These  symptoms  sufficiently  distinguish  trance  sleep  from  apoplexy,  for 
which,  at  the  onset,  it  is  sometimes  mistaken.  The  distinction  from  cata- 
lepsy rests  on  the  muscular  relaxation. 

In  cases  of  "death  trance,"  in  which  no  sign  of  vitality  can  be  recog- 
nized, the  presence  of  life  may  be  ascertained  (i)  by  the  absence  of  any 
sign  of  decomposition ;  (2)  by  the  normal  appearance  of  the  fundus  oculi  as 
seen  with  the  ophthalmoscope  ;  (3)  by  the  persistence  of  the  excitability  of 
the  muscles  to  electricity.  This  excitability  disappears  in  three  hours  after 
actual  death.  In  a  case  observed  by  Rosenthal,  thirty  hours  after  supposed 
death,  the  muscles  were  still  excitable,  and  in  forty-four  hours  the  patient 
awoke. 

Prognosis. — In  most  cases  of  lethargy  the  ultimate  prognosis  is  good. 
The  slighter  the  degree  of  the  trance  the  shorter  is  likely  to  be  its  duration. 
The  prognosis  is  grave  only  when  the  lethargy  was  preceded  by  a  state  of 
great  physical  depression,  especially  when  the  condition  succeeded  an  acute 
disease. 

Treatment. — The  treatment  has  to  be  directed  to  two  ends  ;  the  main- 
tenance of  life,  and  the  arrest  of  the  trance.  Advantage  must  be  taken  of 
any  intervals  of  semi-consciousness  to  give  nourishment  in  a  concentrated 
form.  If  swallowing  is  continuously  impossible,  food  must  be  given  by  the 
nasal  tube,  or  by  enemata.  Warmth  should  be  applied  to  the  extremities, 
and  care  taken  to  prevent  bedsores.  In  severe  cases,  every  attempt  at 
arrest  is  often  fruitless.  In  cases  of  moderate  severity  stimulation  of  the  skin 
is  effective  in  rousing  the  patient.  The  most  powerful  cutaneous  excitant  is 
strong  faradaism.  In  one  case,  which  had  lasted  for  thirty-six  hours,  I  found 
that  the  application  of  strong  faradaism  to  the  arm  quickly  cut  short  the 
trance.  In  another  case,  which  lasted  for  several  months,  this  treatment 
had  for  a  long  time  no  influence ;  afterward  the  patient  could  be  partially 
roused  for  a  short  time  by  faradaism,  and  by  repeating  the  application  at  the 
same  hour  every  day,  a  tendency  to  periodical  waking  was  established,  the 
remissions  became  longer  and  more  complete,  and  the  attack  was  ultimately 
brought  to  an  end.  Nervine  stimulants,  such  as  ether  and  valerian,  may 
be  given  by  the  bowel,  or  sulphuric  ether  may  be  injected  subcutaneously. 
Alcohol  must  be  given  with  caution  and  in  small  quantities  ;  enemata  of 
strong  coffee  are  often  more  useful.  It  is  probable  that  nitro-glycerine  or 
the  inhalations  of  nitrite  of  amyl  would  have  considerable  influence. 
Transfusion  of  blood  has  been  proposed,  and  would  be  justified  in  cases 
following  exhausting  disease,  when  death  is  threatened.  The  recurrence 
of  attacks  must  be  prevented  by  the  improvement  of  health,  physical  and 
moral. 

Narcolepsy. — The  term  "narcolepsy"  has  been  used  in  several  senses, 
but  is  best  applied  to  a  condition,  for  which  some  name  is  needed,  in 
which  there  is  a  tendency  to  fall  into  sound  sleep  for  a  short  time,  usually 
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for  a  few  minutes,  rarely  for  an  hour  or  more.  The  condition  is  distinguished 
from  trance  by  the  brevity  of  the  attacks  of  sleep,  by  their  strong  tendency 
to  recur,  and  by  the  fact  that  the  patient  can  commonly  be  roused  at  any 
time  from  the  condition.  In  some  cases  the  malady  has  been  apparently 
the  result  of  some  peculiarity  of  the  nervous  system.  Thus,  in  one  recorded 
case,  a  man  had  been  liable,  all  through  his  life,  to  such  attacks  of  sleep, 
which  were  induced  by  most  varied  influences.  He  had  a  nasal  fistula,  and 
whenever  a  probe  was  passed  down  this  he  fell  asleep.  In  other  cases  the 
affection  comes  on  in  adult  life,  and  passes  away  after  lasting  for  a  few  months 
or  years.  Thus,  in  one  girl  the  attacks  commenced  at  sixteen,  and  con- 
tinued till  she  came  under  treatment,  at  twenty-two.  She  would  suddenly 
feel  drowsy,  her  eyelids  drooped,  in  a  moment  she  was  sound  asleep,  and 
after  about  five  minutes  woke  up  quite  fresh.  Intensely  vivid  dreams  accom- 
panied the  sleep,  but  she  never  could  recall  their  details ;  sometimes  she 
would  speak  aloud  in  the  dream.  There  was  no  change  in  the  color  of  the 
face.  After  deficient  sleep  at  night,  the  sleep  attacks  lasted  longer,  some- 
times even  half  an  hour.  She  could  be  readily  awaked  at  any  time,  and  by 
an  effort  could  keep  off  the  attack,  but  then  could  not  help  yawning  con- 
tinually, and  felt  uncomfortable.  There  was  never  headache.  Such  attacks 
occurred  four  or  five  times  a  day,  when  she  was  engaged  in  sedentary  occu- 
pations or  studies,  but  when  she  led  an  active  life,  as,  for  instance,  on 
a  holiday,  they  would  be  absent  for  two  or  three  weeks. 

The  characters  that  separate  this  affection  from  ordinary  trance  have  been 
already  mentioned.  It  is  most  likely  to  be  confounded  with  minor  epilepsy, 
but  from  this  it  is  sharply  distinguished  by  the  perfect  resemblance  of  the 
attacks  to  ordinary  sleep  in  their  onset  and  character.  When  a  feeling  of 
somnolence  is  the  warning  of  an  attack  of  true  petit  mal,  the  unconscious- 
ness lasts  only  a  few  moments.*  An  active  life  with  change  of  scene  is 
probably  the  most  important  element  in  treatment.  In  the  case  mentioned 
above,  no  drugs  did  so  much  good  as  a  combination  of  caffein  and  nitro- 
glycerine, which  almost  entirely  arrested  the  attacks. 

African  Lethargy.- — A  curious  malady,  presenting  similar  somnolence  but 
of  very  different  nature,  is  the  "sleeping  sickness"  of  the  West  Coast  of  Africa, 
met  with  chiefly  in  the  Congo  and  Sierra  Leone  regions.  It  affects  exclu- 
sively negroes,  and  occurs  in  both  sexes  and  at  all  ages,  but  is  most  frequent 
in  males  between  twelve  and  twenty.  Except  that  depressing  emotions  seem 
to  predispose  to  it,  the  proximate  causes  are  entirely  unknown.  Europeans 
living  in  the  same  localities  are  exempt.  Swelling  of  the  cervical  glands 
sometimes  occurs  at  the  onset,  and  they  are  excised  by  the  native  doctors  as 
a  remedial  measure ;  but  the  condition  is  not  invariable,  and  its  influence  is 
doubtful.  The  general  health  at  first  is  good.  There  is  a  gradually  increas- 
ing tendency  to  somnolence,  and  the  patient  will  fall  asleep  at  his  work  or 
over  his  meals.     At  first  he  can  be  roused,  and  if  treated  by  cutaneous 

*The  term  "  narcolepsy  "  has  been  applied  also  to  such  epileptic  attacks ;  a  needless  and 
confusing  use  of  the  word. 
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stimulation  and  purging,  the  symptoms  may  be  removed  for  a  little  time, 
but  soon  recur  and  increase  in  spite  of  treatment,  until  at  last  the  patient  is 
always  asleep  and  refuses  food.  He  gradually  emaciates,  and  dies  at  the  end 
of  three  or  six  months  from  the  onset  of  the  symptoms.  Just  before  death 
the  disposition  to  sleep  often  ceases.  The  disease  is  extremely  fatal.  Guerin 
met  with  148  cases,  all  of  which  died.  The  observations  of  Gore  and  others 
place  the  mortality  somewhat  lower — at  about  80  per  cent.  Post-mortem 
examination  has  revealed  only  hyperaemia  of  the  arachnoid,  slight  signs  of 
chronic  meningitis,  but  no  considerable  excess  of  fluid  within  the  ventricles 
or  outside  the  brain.  The  cerebral  substance  is  usually  pale.  No  treatment 
appears  to  influence  the  symptoms.  Only  one  observer  (McCarthy)  has 
seen  good  from  excision  of  the  cervical  glands.  This  mysterious  affection 
clearly  needs  more  systematic  investigation  than  it  has  yet  received. 


HYPOCHONDRIASIS. 

Hypochondriasis  is  a  morbid  state  of  the  nervous  system  in  which  there 
is  mental  depression  due  to  erroneous  ideas  of  such  bodily  ailments  as  might 
conceivably  be  present.  This  limitation  is  necessary  to  distinguish  the 
condition  from  those  forms  of  actual  insanity  in  which  there  is  a  delusion  of 
the  existence  of  some  impossible  ailment — impossible  either  in  its  nature  or 
else  by  reason  of  its  incompatibility  with  life.  A  patient,  for  instance,  who 
thinks  that  his  spinal  cord  has  become  detached  from  the  brain,  or  who 
believes  that  his  throat  is  hermetically  closed,  is  insane,  not  hypochondria- 
cal.* The  term  is,  moreover,  almost  exclusively  applied  to  the  condition 
above  defined  when  this  is  met  with  in  men.  A  similar  state  in  females  is 
regarded  as  forming  part  of  "hysteria."  The  name  has  come  down  to  us 
from  the  times  of  Hippocrates  and  Galen,  and,  like  "  melancholy,"  had  its 
origin  in  the  idea  that  the  conscious  life  was  largely  influenced  by  "vapors" 
produced  in  the  abdominal  organs.  It  was  not  until  the  early  part  of  the 
present  century  that  the  disease  was  generally  admitted  to  be  one  of  the 
brain,  f 

Causes. — The  affection  consists  in  a  particular  disposition  of  the  brain, 
which  leads  to  habitual  anxiety  without  adequate  cause,  and  to  the  concen- 
tration of  this  anxiety  on  the  individual's  own  health.  This  morbid  ten- 
dency is  often  a  matter  of  individual  temperament,  which  may  be1  the  result 
of  neurotic  inheritance ;  the  most  severe  forms  occur  in  persons  whose 
family  presents  a  tendency  to  insanity.  In  other  cases  there  is  no  morbid 
heredity,  but  the  state  is  acquired  through  persistent  ill  health,  which  sets 
up  the  morbid  mental  habit  of  self-attention  and  concern.  These  two 
causal  varieties  may  be  termed  the  "  acquired  "  and  the  "  temperamental  " 


*  It  is  unfortunate  that  alienists  sometimes  apply  the  term  to  the  cases  of  insanity  with 
somatic  delusions;  this  is  contrary  to  its  customary  use,  and  productive  of  confusion. 

+  An  interesting  sketch  of  the  history  of  hypochondriasis  is  given  in  Gull  and  Anstie's 
article  on  the  disease,  in  Reynolds'  "  System  of  Medicine,"  vol.  ii. 
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forms.  The  age  at  which  hypochondriasis  comes  on  varies  according  to  its 
causes.  It  is  scarcely  known  in  childhood,  but  when  due  to  inherited  tem- 
perament it  often  becomes  established  quite  early  in  adult  life,  and  some- 
times is  even  distinct  in  youth.  It  may,  however,  commence  at  any  period, 
and  the  acquired  form  often  commences  in  or  after  middle  age. 

Hypochondriasis  seldom  develops  without  some  exciting  cause  in  the 
shape  of  a  distinct  bodily  ailment,  although  this  is  often  very  trifling  in 
degree.  It  suffices,  however,  to  give  rise  to  unpleasant  sensations,  which 
excite  attention  and  give  rise  to  concern.  Dyspeptic  troubles  are  the  most 
common  excitants  ;  others  are  palpitation  of  the  heart,  and  weakness  of  the 
nervous  system ;  but  there  is  hardly  any  part  of  the  body  in  which  func- 
tional disturbance  may  not  be  the  starting  point  of  the  malady. 

Symptoms. — In  hypochondriasis  there  are  three  chief  elements  ;  excessive 
anxiety  regarding  the  personal  health  ;  undue  attention  to  any  indications 
of  derangement,  especially  to  the  various  sensations  emanating  from  the 
organs  of  the  body ;  and,  lastly,  as  the  consequence  of  these,  there  is  some 
false  idea  that  disease  is  present  which  does  not  exist.  Occasionally,  the  last 
is  absent ;  the  patient  may  know  and  realize  that  he  is  free  from  any  serious 
malady,  but  he  is  rendered  miserable  by  the  continuous  discomfort  he 
experiences. 

This  discomfort,  as  already  stated,  often  has  its  origin  in  some  actual 
disorder,  but  it  is  always  vastly  increased  by  the  habitual  attention  paid  to 
the  sensory  impressions  proceeding  from  the  organ  deranged,  or  from  other 
parts  when  there  is  no  local  disorder.  The  influence  of  attention  has  been 
already  mentioned  in  the  account  of  "  cephalic  sensations  "  (p.  1 195)  which 
often  form  part  of  the  symptoms  of  hypochondriasis,  and  the  statements 
there  made  are  applicable  to  all  the  various  sensory  impressions  from  other 
organs  that  disturb  the  hypochondriac's  life.  It  is  this  continuous  attention 
that  perpetuates  the  morbid  state  and  renders  its  treatment  so  difficult.  Not 
only  are  sensations  attended  to  until  consciousness  is  continually  under  their 
influence,  but  the  patient  is  always  searching  for  indications  of  the  ill  health 
he  dreads.  He  scrutinizes  his  tongue  before  breakfast  and  his  evacuations 
after  breakfast,  and  notes  during  the  day  the  influence  of  each  meal  on  his 
abdominal  feelings,  of  each  exertion  of  his  pulse,  and  of  mental  work  upon 
his  head.  It  is  easy  for  the  hypochondriac  thus  to  collect  each  day  a  series 
of  "  symptoms  "  which  he  ponders  over  and  endeavors  to  interpret.  As  an 
instance  of  this  habit,  I  may  quote,  verbatim,  the  description  given  to  me 
by  one  of  these  unfortunate  sufferers,  in  whose  physical  condition  no  other 
flaw  could  be  found  than  trifling  occasional  indigestion.  "  I  do  not  breathe 
free  ;  I  do  not  breathe  clear.  After  I  did  my  work  yesterday  there  was  a  pain 
in  my  temples  and  in  the  back  of  my  head.  There  is  a  little  pain  in  the 
heel  when  I  press  upon  it.  I  have  a  sensation  of  tightness  round  the  sides 
of  the  chest.  I  have  also  felt  slight  tightness  about  the  knees.  The  appe- 
tite is  not  the  thing  at  all.  There  is  slight  distention  ;  I  have  not  found  it 
to-day,  but  I  did  yesterday.  Last  night  I  felt  the  food  in  my  throat,  and  a 
noise  in  the  chest  such  as  you  feel  in  the  ear.     My  head  is  hot  on  the  top 
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now.  Talking,  even  for  a  few  minutes,  seems  to  affect  the  eyes,  and  an 
uncomfortable  feeling  comes  in  them.  This  morning  in  the  train,  too,  after 
it  stopped,  I  seemed  to  feel  for  a  moment  as  if  I  was  going  backward  and 
forward.  My  forehead  gets  hot  when  I  talk.  Some  days  ago  I  had  an 
uncomfortable  feeling  in  the  loins,  and  afterward  in  the  bowels,  and  a  week 
ago  I  had  some  pain  in  the  armpit."  This  patient  had  no  false  idea  of  local 
illness ;  his  symptoms  were  too  vague  and  varying  to  permit  him  to  enter- 
tain the  idea,  but  it  was  impossible  to  convince  him  that  there  was  not  some 
grave  general  derangement  of  his  health.  In  the  subjects  of  the  tempera- 
mental form,  with  neurotic  heredity,  there  is  often  slight  real  derangement 
of  the  nervous  system,  headaches,  neuralgic  pain,  vague  giddiness,  noises  in 
the  ears,  sensations  of  weakness  of  the  legs,  etc.,  which  keep  up  the  mental 
state.  Similar  troubles  occasionally  characterize  also  the  acquired  form, 
especially  in  gouty  subjects. 

In  many  cases,  moreover,  slight  derangement  of  the  functions  of  some 
one  organ  constitutes  an  anchor  for  anxiety ;  attention  is  focused  on  the 
local  sensations  so  that  they  attain  an  ever-growing  intensity ;  and  the  con- 
ception of  a  definite  ailment  becomes  fixed,  sometimes  ineradicably.  In 
some  instances  the  idea  has  its  origin  not  so  much  in  the  sensations  of  the 
patient  himself,  as  in  the  fact  that  circumstances  have  brought  the  disease 
prominently  under  his  notice.  This  influence  is,  indeed,  often  operative 
when  there  is  no  persistent  hypochondriasis.  Most  medical  students  imagine, 
at  some  period  of  their  career,  that  they  are  the  subjects  of  heart  disease. 
But  the  study  of  medicine  provides  the  antidote,  as  well  as  the  bane,  to  all 
healthy  minds.  With  mental  instability,  however,  an  idea  often  becomes 
firmly  rooted.  An  elderly  man  firmly  believed  himself  to  be  the  subject  of 
diabetes,  from  which  a  friend  had  died,  and  he  persisted  in  his  belief  in 
spite  of  the  assurance  that  there  was  no  sugar  in  his  urine. 

The  subjects  of  this  disorder  may  have  the  appearance  of  perfect  health, 
but  those  in  whom  the  condition  is  of  long  duration  are  often  careworn  and 
depressed  in  aspect,  and  are  preoccupied  in  manner.  The  sufferings  are 
described  in  language  that  is  obviously  exaggerated.  The  amount  of  depres- 
sion is  often  very  great,  but  in  cases  of  pure  hypochondriasis  there  is 
scarcely  ever  the  suicidal  tendency  common  in  melancholia.  Many  sufferers, 
indeed,  are  nervous,  timid  persons,  who  dread  illness  both  for  its  own  sake 
and  as  a  possible  path  to  the  grave.  Occasionally  a  temperamental  hypo- 
chondriac may  be  met  with  who  describes  life  as  shorn  of  all  pleasure  by  his 
sufferings,  and  asserts  that  he  has  suicidal  impulses,  but  if  the  latter  exist 
there  is  generally  more  than  pure  hypochondriasis. 

To  describe  in  further  detail  the  symptoms  of  these  cases,  would  be 
merely  to  multiply  particular  illustrations  of  the  general  facts  above  stated. 
There  is  hardly  a  malady  that  is  not  at  times  the  subject  of  the  morbid 
fancy.  The  general  facts  are  true  of  all ;  it  is  only  the  applications  that 
vary.  One  class  of  cases,  however,  commonly  included  in  this  category, 
deserves  special  mention,  the  cases  of  sexual  hypochondriasis.  Most  of 
those  who  wrongly  imagine  that  they  have  some  ailment  of  the  sexual  organs 
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do  not  really  suffer  from  hypochondriasis.  This  erroneous  belief  is  justified 
because  it  is  founded  on  evidence  which  is  adequate  to  cause  the  belief  in 
those  who  have  no  means  of  estimating  its  value.  The  idea  of  spermator- 
rhoea sometimes  does  concentrate  the  attention  on  sensations  from  those 
parts,  and  may  set  up  true  hypochondriasis,  but  on  the  whole  the  sexual 
variety  is  rare  except  as  part  of  pronounced  insanity. 

Diagnosis. — The  diagnosis  of  hypochondriasis  depends,  in  the  first  place, 
on  the  exclusion  of  the  disease  from  which  the  patient  imagines  that  he  is 
suffering.  This,  of  course,  involves  an  accurate  knowledge  of  the  symptoms 
of  each  malady,  and  it  is  necessary  to  exclude  real  disease  before  the  obvi- 
ous mental  state  can  be  allowed  to  influence  the  diagnosis.  The  danger 
that  a  mistake  of  this  character  should  be  made  depends  on  two  circum- 
stances. First,  on  neglect  of  the  consideration  just  mentioned  ;  the  obvious 
temperament  leads  to  a  hasty  diagnosis  and  deters  from  thorough  examina- 
tion. It  is  obvious  that  hypochondriasis  does  not  exclude  organic  disease, 
and  that  hypochondriacs  not  only  may,  but  at  some  time  must,  suffer  from 
such  affections.  Secondly,  error  is  sometimes  due  to  the  fact  that  the 
patient  suffers  from  some  uncommon  disease,  the  symptoms  of  which  are 
unfamiliar  or  unexpected.  Thus,  a  man  with  very  distinct  symptoms  of 
diphtheritic  paralysis  had  been  told  that  these  were  all  due  to  nervousness 
and  fancy,  because  the  patient  was  a  member  of  the  medical  profession,  the 
diphtheria  had  been  doubtful,  and  it  had  been  acquired  in  an  unusual. way 
' — by  inoculation. 

The  other  diagnostic  question  is  the  distinction  of  hypochondriasis  from 
insanity.  It  is  in  the  permanent  hypochondriasis,  with  a  family  history  of 
insanity,  that  this  difficulty  arises.  The  distinction  depends  chiefly  on  the 
reasonableness  of  the  false  ideas.  A  patient  who  has  unpleasant  sensations 
in  the  abdomen,  and  believes  that  he  is  suffering  from  cancer,  in  spite  of  the 
assurance  that  he  is  not,  cannot,  on  this  account  be  regarded  as  insane.  But 
a  man  who  believes  that  his  brain  has  been  converted  into  sawdust  is,  by  that 
belief,  proved  insane.  .Of  course,  pure  hypochondriasis  may  coexist  with 
other  independent  evidence  of  insanity,  just  as  it  may  with  any  other 
malady.  Many  cases,  however,  are  on  the  border  line  between  soundness 
and  unsoundness  of  mind — cases  in  which  the  patient  believes  that  he  is 
suffering  from  some  disease,  not  in  itself  unreasonable,  but  still  out  of  the 
question  because  the  evidence  of  it  would  be  tangible  and  does  not  exist. 
Such  patients  are  often  actually  insane,  although  they  cannot,  and  ought 
not  to  be,  treated  as  such,  unless  the  mind  is  unsound  on  other  points. 

Prognosis. — The  distinction  between  the  two  forms  of  hypochondriasis, 
the  acquired  and  the  temperamental,  is  important  in  regard  to  prognosis. 
The  subjects  of  the  latter  form  seldom  recover ;  if  one  false  idea  is  removed, 
another  takes  its  place.  The  acquired  form,  on  the  other  hand,  sometimes 
passes  away  altogether,  and  the  prospect  of  recovery  from  it  is  good  in  pro- 
portion to  the  shortness  of  time  it  has  existed,  and  to  the  degree  of  derange- 
ment of  health  in  which  it  has  arisen. 

Treatment. — The  details  of  the  treatment  of  hypochondriasis  have  to  be 


NERVOUS   WEAKNESS.  1341 

varied  to  suit  the  exigencies  of  each  case  ;  the  principles  are  the  same  in  all. 
The  first  thing  is  to  correct  whatever  is  actually  wrong,  both  in  the  patient's 
general  health  and  also  in  the  organs  to  which  his  attention  is  directed.  In 
acquired  cases  especially,  there  is  often  some  weakness  of  the  nervous  system 
that  may  be  lessened  by  nervine  tonics  and  by  an  improvement  in  the 
patient's  mode  of  life.  The  second  element  is  the  removal  of  the  false 
ideas  and  the  withdrawal  of  the  attention  of  the  patient  from  his  physical 
condition.  The  statements  made  regarding  the  treatment  of  "cephalic  sen- 
sations "  (p.  1 196)  are  applicable  to  all  forms  of  hypochondriasis,  and  it  is 
unnecessary  to  repeat  them,  or  to  apply  them  in  detail  to  similar  symptoms 
in  other  parts.  It  is  essential  to  make  the  patient  realize  how  misleading 
bodily  sensations  are  regarding  the  actual  condition  of  the  parts  from  which 
the  feelings  seem  to  proceed,  and  how  essential  it  is  that  the  sensations  should 
be  disregarded.  He  should  also  be  made  to  understand  that  his  efforts  to 
neglect  them  will  not  be  at  once  successful,  and  that  perseverance  for  a  long 
time  will  be  necessary.  A  grave  responsibility  rests  upon  physicians  who  are 
consulted  by  these  patients.  The  mere  consultation,  even  when  the  advice 
is  wise,  helps  to  perpetuate  the  morbid  state,  and  when  all  that  can  be  done 
to  remove  actual  disorder  has  been  accomplished,  it  is  often  right  to  refuse 
to  be  any  longer  a  passive  party  to  the  perpetuation  of  the  symptoms.  Some- 
times such  a  refusal,  if  the  grounds  for  it  are  made  clear,  will  do  more  real 
good  to  the  sufferer  than  can  be  achieved  by  any  other  means. 


NERVOUS  WEAKNESS:  NEURASTHENIA, 
It  has  become  fashionable  to  apply  the  term  "neurasthenia"  to  condi- 
tions of  weakness  of  the  nervous  system.  The  use  of  the  word  has  brought 
with  it  a  tendency  to  regard  the  condition  thus  denoted  as  a  definite  disease. 
Books  have  even  been  written  about  it,  and  it  has  been  divided  into  various 
classes,  according  to  the  character  of  the  symptoms  that  are  present.  It  is 
convenient  to  be  able  to  designate  the  condition  by  one  word  instead  of  two, 
but  there  is  no  more  justification  for  regarding  neurasthenia  as  a  definite 
malady,  to  be  distinguished  from  others  and  separately  described,  than 
there  is  for  adopting  a  similar  course  with  regard  to  "debility  "  among 
general  diseases.  "  Neurasthenia ' '  underlies  and  may  cause  a  large  proportion 
of  the  functional  diseases  of  the  nervous  system,  and  when  "  neurasthenic  " 
patients  seek  advice,  there  are  generally  symptoms  of  nerve,  disturbance 
sufficiently  definite  in  character  to  bring  the  case  into  some  special  category. 
In  the  description  of  these  special  diseases  will  be  found  suggestions  as  to 
the  treatment  most  likely  to  remove  the  underlying  weakness  of  the  nervous 
system.  To  describe  the  symptoms  and  treatment  of  all  that  may  be  col- 
lected under  the  name,  would  be  to  repeat  that  which  has  been  stated  already 
in  its  proper  place,  especially  in  the  sections  on  neuralgia,  headache,  cephalic 
sensations,  hysteria  and  hypochondriasis.  The  chief  elements  in  treatment 
are  the  removal  of  discoverable  causes,  the  regulation  of  the  mode  of  life, 
the  administration  of  nervine  tonics,  and  the  improvement  of  the  general 
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nutrition,  including  that  of  the  nervous  system.  For  the  last,  the  physical 
influences  of  rest  and  massage  are  often  useful,  on  account  of  the  complete 
repose  given  to  the  motor  nervous  system. 

The  use  of  the  word  "neurasthenia  "  is  convenient  chiefly  when  the  patient 
suffers  from  so  many  slight  functional  disorders  that  it  is  difficult  to  select 
any  one  as  sufficiently  prominent  to  afford  a  designation.  Even  in  these 
cases,  much  caution  should  be  exercised  in  giving  to  the  patient  a  name  that 
may  convey  an  erroneous  impression,  and  may  excite  unnecessary  alarm.  It 
is  often  better  not  to  gratify  the  craving  for  nomenclature  that  is  manifested 
by  many  patients,  but  rather  to  explain  to  them  that  to  give  to  their  ailments 
a  definite  name  would  involve  more  error  than  truth. 
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ABDOMINAL  reflex,  147. 
Abducens  nerve  ;  see  Sixth  nerve. 
Abduction  of  vocal  cords,  688 ;  paralysis 

of,  689,  691,  694. 
Abscess  of  brain,  851 ;  special  pathology, 
855;    symptoms,   859;    diagnosis, 
865  ;  from  tumor,  900. 
of  cerebellum,  863. 
of  spinal  cord,  238. 
Accessory  haematomyelia,  281. 

nucleus,  483. 
Accommodation,  loss  of,  606. 
Accommodative  iridoplegia,  606. 
Active  congestion,  765,  769. 
Acute    anterior    poliomyelitis,   254 ;    see 
Acute  atrophic  paralysis, 
ascending  paralysis,  274;  see  Acute 

general  paralysis, 
atrophic  paralysis,  254. 
myelitis,  217. 

rheumatism,  paralysis  after,  1219. 
Adduction  of  vocal  cords,  688  ;  paralysis, 

693- 
Adductors  of  thigh,  55. 
./Esthesiometer,  30. 
African  lethargy,  1336. 
Agraphia,  545,  553. 
Ala  cinerea,  483. 
Alalia,  542. 
Albuminuric  retinitis,  560;  neuritis,  565, 

899. 
Alcoholic  ataxia,  116. 

meningitis,  chronic,  202. 
neuritis,  no. 
paralysis,  no. 
pseudo-tabes,  316. 
Alcoholic  delirium,  537,  1278;   insanity, 
1286;  meningitis,  738  ;  neuritis,  1270; 
paraplegia,  1288. 
Alcoholism,  1277;  acute,  1278;  chronic, 

1287. 
Alexia,  545,  549. 

Alimentary  canal,  nerve  centres  for,  1 50. 
Allocheiria,  31. 

in  tabes,  293. 
Alternate  hemiplegia,  515,  715. 
Amblyopia,   functional,  589;    hysterical, 

588,  590 ;  reflex  and  toxic,  589. 
Amnesia,  538 ;  see  Memory. 
Amnesic  aphasia,  546,  551. 
Amygdala,  480. 


Amyloid  bodies,  219. 

Amyotrophic  lateral  sclerosis,  350,  370. 

Anaemia  of  brain,  759,  760. 

of  spinal  cord,  214. 
Anaemic  headache,  1192. 

neuralgia,  1 153. 
Anaesthesia,  30. 

dolorosa,  251. 
Analgesia,  31. 
Anarthria,  541. 
Anatomical    diagnosis   in   cord  disease, 

•53- 
Anatomy  of  spinal  cord,  122. 
Aneurism,  erosion  of  vertebrae  by,  190. 
intracranial,  907;  of  special  arteries, 
911;   causing  tinnitus,  679 ;   diag- 
nosis from  tumor,  901  ;  rupture  of, 
796,  826;    miliary,  774;    see  also 
under  Special  Arteries. 
Angina  pectoris,  1315. 
Angioglioma,  409. 
Angiosarcoma,  409. 
Angular  curvature,  177. 

gyrus,  448. 
"Ankle  clonus,''  37. 
Annectant  gyri,  449. 
Annular  myelitis,  chronic,  242. 
Anode,  67. 
Anosmia,  567. 
Anterior  auditory  nucleus,  486. 

cerebral   artery,  498;    aneurism   of, 

912;  obstruction  of,  822. 
communicating,  aneurism  of,  912. 
cornua,  anatomy  of,  125. 
crural  nerve,  disease  of,  99. 
fossa,  tumors  of,  894. 
ground  fibres,  135. 
mixed  lateral  zone,  134. 
poliomyelitis,  253. 
pyramid,  468. 
pyramidal  tracts,  128. 
spinal  artery,  136. 
vein,  137. 
Antero-lateral  tract,  ascending,  134,  475. 
degeneration  in  tabes,  308. 
function  of,  142. 
Aphasia,  541 ;   from  softening,  820,  833 ; 
ataxic,  544;  in  childhood,  554;  motor, 
544 ;  sensory,  543 ;  total,  546 ;  migrain- 
ous, 1 176. 
Aphemia,  542. 
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Aphonia,  hysterical,  693,  1299. 
Aphthongia,  705. 

Apoplectiform  bulbar  palsy,  790,  941. 
Apoplexy,    532;    from   congestion,   777; 

hemorrhage,  786,  795  ;   softening,  817; 

abscess,    865  ;     differential    diagnosis, 

534-     . 
Arachnitis,  192. 
Argyll-Robertson  pupil,  295. 
Argyria,  1270,  1274. 
Arm  centre  in  cortex,  459. 
Arm,  diseases  of  nerves  of,  86. 
Arrest  of  fits,  1088,  1108. 
Arsenical  poisoning,  1272;  pseudo-tabes 

in,  1270,  1273. 
Arteries  of  brain,  495  ;  diseases  of,  810. 

of  spinal  cord,  136. 
Arteritis,  causing  aneurism,  775,  908. 

umbilicalis,  in  tetanus,  1038. 
Arthritic  muscular  atrophy,  374,  443. 
Arthritis  deformans,  191. 
Articulation,  defects   of,  541  ;   in  bulbar 

palsy,  716,  935. 
Articulations  of  spine,  diseases  of,  191. 
Arytenoideus,  687. 
Ascending  frontal  convolution,  448. 

neuritis,  73. 

parietal  convolution,  448. 
Associated   movements    in    hemiplegia, 

515-  .    , 

Asymmetry,  congenital,  1199. 
Ataxic  paraplegia,  291,  303,  325,  336. 
Ataxy,  hereditary,  344. 

in  hysteria,  1302;    of  speech,   550; 
cerebellar,  717;  diphtheritic,  1225; 
arsenical,  1273;  alcoholic,  1287. 
tests  of,  290;  see  also  Incoordination. 
Atheroma,  775,  810. 
Athetoid  spasm,  888. 
Athetosis,  520,  521,  842. 

double,  330. 
Atrophic  bulbar  palsy,  940. 
paralysis,  acute,  254. 

chronic,  273. 
spinal  paralysis,  253. 
Atrophy,  atonic,  muscular,  357. 
of  auditory  nerve,  296. 
of  brain,  843,  946. 
of  optic  nerve,  296. 
Auditory  centre,  464. 
hypersesthesia,  674 ;  vertigo,  670,  1 1 23. 
nerve,  anatomy,  485  ;  diseases,  670 ;  in 
tumor,  893. 
Aura,    525,    1083 ;     epigastric,   685 ;    see 

Epilepsy. 
Automatism,  after  epilepsy,  1089. 

BASAL  ganglia,  467  ;  disease  of,  712. 
tumors,  880,  887,  895. 
Basedow's  disease,  1200;  see  Goitre. 
Basilar  artery,  499;    aneurism  of,  913; 
obstruction  of,  823. 


Beriberi,  1 19. 

Bilateral  lesions  of  cortex,  716. 

Birth  palsy,  801. 

Bladder,  centre  for,  148. 

Blepharospasm,  593,  668,  992. 

Blood  states  causing  thrombosis,  812. 
vessels  of  brain,  495. 

Bones  in  infantile  palsy,  260. 
nutrition  of,  148. 

Bony  tumors,  878. 

Brachial  monoplegia,  514. 
neuralgia,  1145. 
plexus,  diseases  of,  87. 

Brachium,  480. 

"Brain-sand,"  409,  879. 

Bright's  disease  and  apoplexy,  778,  797  ; 
and  hemorrhage,  797  ;  and  migraine, 
1 186;  see  also  Albuminuric  retinitis. 

Broadbent's  hypothesis,  510. 

Bromism  in  epilepsy,  1106. 

Bronchial  crises,  301. 

Buisson's  treatment  of  hydrophobia,  1249. 

Bulbar  palsy,  933 ;  acute,  945  ;  apoplec- 
tiform, 941 ;  inflammatory,  945  ;  sud- 
den, 941. 

Bulbous  nerves,  neuralgia  from,  n  50. 

Burdach's  column,  123. 


CALCARINE  fissure,  447. 
Calf  muscles,  centres  for,  140. 
Calloso-marginal  fissure,  447. 
Canine  chorea,  975. 
Capillary  apoplexy,  815. 
Capsule,    external    and    internal,    466, 

712. 
Caput  cornu  posterioris,  126. 
Carcinoma,  878. 
of  cord,  409. 
Cardiac  branches  of  vagus,  697. 

failure  in  diphtheria,  1225  ;  see  also 

Heart, 
weakness  causing  thrombosis,  812. 
Cardialgia,  1169. 
Caries  of  spine  and  neuralgia,  1 1 56. 

disease  of  cord  in,  176. 
Carpo-pedal  contractions,  1051,  1112. 
Catalepsy,  1330,  1331,  1335. 
Catheter  fever,  322. 
Cauda  equina,  tumor  of,  410,  417. 
Caudate  nucleus,  472,  713. 
Causes,  general,  of  cord  disease,  169. 
Cavernous  sinus,  thrombosis  of,  837. 
Cavities  in  cord,  422. 
Central  arteries,  496 ;  canal,  423  ;  ganglia, 
465;  lesions  of,  713;  region  of  cerebral 
vortex,  708 ;  scotoma,  588  ;  sulcus,  446. 
Centrum  ovale,  466;    hemorrhage  into, 

783;  lesions  of,  711. 
Cephalalgia,  1189. 

Cephalic  sensations,  771,  1 194,  1338. 
tetanus,  1029,  1035. 
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Cerebellar  abscess,  854: 

arteries,    501  ;     aneurisms    of,   913 ; 

obstruction  of,  825. 
coordination,  494;  ataxy,  717. 
peduncles,  lesions  of,  718. 
Cerebellum,  492;    lesions  of,  717;    ab- 
sence of,  47 1 ;  hemorrhage  into,  784, 
790. 
Cerebral  abscess,   etc.;    see  Brain,  and 

under  Special  Diseases. 
Cerebritis,  acute,  846;  chronic,  850;  diag- 
nosis from  tumor,  901. 
Cerebro-spinal  motor  segment,  130. 
Cervical  enlargement,  localization  in,  139. 
muscles,  centres  for,  139. 
opisthotonos,  739. 
vertebrae,  fracture  of,  175. 
Cervico-brachial  neuralgia,  1145. 

occipital  neuralgia,  1 145. 
Charcot's  joint  disease,  299. 
Cheyne-Stokes  breathing,  198. 
in  meningitis,  733. 
respiration,  557,  558,  685. 
Chiasma,  optic,  490;    diseases  of,  571; 

symptoms,  575. 
Choked  disc,  565. 
Cholesteatoma,  879. 
Chorda    tympani,   lesions   of,   651 ;    see 

Facial  and  Fifth  nerves. 
Chorea,  955  ;  major,  1307  ;  minor,  955  ;  in 
pregnancy,  960;  pathology  of,  976;  post- 
hemiplegic, 523;  hysterical,  972,  1307; 
adult  and  senile,  972 ;   maniacal,  967  ; 
paralytic,  962  ;    electrical,  988  ;   habit, 
993 ;  tetanoid,  1059. 
Chromatopia,  582. 
Chronic  atrophic  paralysis,  273. 
meningitis,  201. 
myelitis,  239. 
poliomyelitis,  350. 
spinal  muscular  atrophy,  350. 
Ciliary  muscle,  paralysis  of,  606. 
Circle  of  Willis,  495. 
Circumflex  nerve,  disease  of,  89. 
Clark's  column,  126. 

in  tabes,  308. 
Clasp-knife  rigidity,  160,  327. 
Classification  of  cord  diseases,  169. 

of  nervous  diseases,  25. 
Claustrum,  479. 
Clavus  hystericus,  11 52,  1297. 
Claw-like  hand,  52,  356. 
Clitoris  crises,  301. 
Clonus,  foot,  spurious,  334. 
Coarse  disease,  26. 
Coccydynia,  1 148. 
Color  hemianopia,  582 ;  vision,  582. 
Column  of  Burdach,  123,  474. 
of  Goll,  123. 
of  Tiirck,  128. 
posterior,  130. 
postero-external,  130. 
median,  130.    , 
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Coma,  531. 

Combination  of  symptoms  in   cord  dis- 
ease, 163. 
Comma-shaped  degeneration,  133,  306. 
Commissure,  optic ;  see  Chiasma. 
Commissures  of  cord,  135. 
Compression  myelitis,  168. 

of  cord,  248,  434. 
Concussion  myelitis,  436. 

of  cord,  288,  434. 
Conduction  aphasia,  546. 

of  motion  and  sensation  in  cord,  137, 
141. 
Confluent  articulation,  887. 
Congenital  palsy,  801  ;  torticollis,  1015. 
paramyotone,  406. 
spastic  paraplegia,  325. 
Congestion  of  membranes,  718. 
Congestive  apoplexy,  770. 
Conjugate  deviation,  of  eyes,  512,  609, 

892,  1023. 
Connecting  tracts  in  brain,  465. 
Consciousness,  loss  of,  531. 
Consecutive  atrophy  of  optic  nerve,  563, 

885. 
Contracture,    155,    517,  888,    1050;    and 

tetany,  1057 ;   hysterical,  1303. 
Contralateral  muscle,  46. 
Convergence  of  eyes,  loss  of,  609. 
Convulsions,    525,   11 10;    and   epilepsy, 
1 102;    infantile,  mi;    puerperal, 
11 15  ;  uraemic,  11 17. 
in  cord  disease,  163. 
Convulsive  attacks,  889 ;  in  hysteria,  1307. 
tic,  660. 
tremor,  990. 
Coordinated  laryngeal  spasm,  696. 
Coordination  of  movement,  147,  315. 
Cord  symptoms  in  compression,  250. 
Cornu  ammonis  in  epilepsy,  1097. 
Cornual  myelitis,  217,  254. 

subacute,  273. 
Corona  radiata,  466. 
Corpora  quadrigemina,  480;   lesions  of, 

714. 
Corpus  callosum,  lesions  of,  712. 

striatum,  467,  479 ;  hemorrhage  into, 
783;  lesions  of,  713. 
Cortex,    cerebral,    446;     structure,  452; 
functional  regions,  454 ;  localization  in, 
708  ;  hemorrhage  into,  783,  789. 
Cortical  centres  in  human  brain,  457 ;  in 
monkey,  455.  ' 

vessels,  498. 
Counter-irritation  in  cord  disease,  194. 
Cranial  bones,  thinning  of,  883 ;  disease 
of,  causing  meningitis,  723;    ab- 
scess, 856. 
nerves,  diseases  of,  472;   origin  of, 
481. 
Cranio-tympanic  conduction   of   sound, 

672. 
Cremasteric  reflex,  140,  147. 
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Crico-thyroid  muscles,  687. 
Crises  in  tabes,  301. 
Crossed  anaesthesia,  528. 

amblyopia,  462,  585,  711,  1299. 

diplopia,  599. 

pyramidal  tracts,  128. 
Cross-legged  progression,  330. 
Crura   cerebri,  467;    hemorrhage    into, 

783.  79°- 

monoplegia,  514. 
Crus  cerebri,  lesions  of,  715. 
Crusta,  467. 
Crustal  fibres,  471. 
Cuneus,  447. 

Curvature  of  spine  in  infantile  palsy,  262. 
Cutaneous  reflexes,  34.    . 
Cycloplegia,  606. 
Cysticerci,  880. 

of  cord,  409. 
Cysto-myxoma,  878. 
Cysts  in  brain,  879. 


DEAFNESS  in  tabes,  296. 
nervous,  669,  674;    cortical,  464, 
67 1 ;  from  tumor,  893. 
Death  trance,  1335. 
Deep  reflexes,  37. 

Deformities  from  infantile  palsy,  260. 
Degeneration,   comma-shaped,   of  cord, 

133- 
secondary,  of  nerves,  60. 
Degenerations  of  brain,  917  ;  secondary, 
503 ;   of  pyramidal  tracts,  472 ;  in 
pons,  504. 
of  cord,  284. 
vitreous,  of  muscles,  64. 
Degenerative  neuralgia,  11 54. 
neuritis,  72. 
reaction,  66. 
Deiter's  cells,  123,  124,  221. 

nucleus,  486. 
Delay  of  sensation  in  tabes,  293. 
Delirium,  536,  1278. 

tremens,  1278;  associated,  1279;  fe- 
ver in,  1281;  pneumonia  in,  1282; 
sex  in,  1279;  visual  hallucinations 
in,  1283. 
Deltoid  muscle  and  centre,  48,  139. 
Delusions,   537;   in   hysteria,   131 1;   hy- 
pochondriasis, 1340. 
Dermoid  cysts,  879. 
Descending  degenerations,  130. 
Deuteropathic  lateral  sclerosis,  370. 
Development  of  cord,  422. 
Diabetes,  functional  disease  from,  442. 
Diabetic  neuralgia,  1153. 
Diagnosis,  pathological,  167,  170. 
Diaphragm,  centre  for,  139. 

paralysis  of,  85. 
Diarrhoea,  paralysis  after,  1 2 19. 
Diffuse  myelitis,  217. 
sclerosis,  930. 


Digestive  organs'in  brain  disease,  559. 
Diphtheritic  neuritis,  109. 

palsy,  1220  ;  of  ocular  muscles,  613  ; 
simulated,   time    of   onset,    1221  ; 
hysterical  palsy  after,  1226,  1234. 
Diplopia,  597. 
Direct  cerebellar  tract,  128,  133,  474. 

pyramidal  tract,  128. 
Dislocation  of  spine,  172. 
Disorders  of  movement  after  hemiplegia, 

518. 
Disseminated  myelitis,  217,  927. 

neuritis,  108. 

sclerosis,  919  ;  see  Insular  sclerosis. 
Divers'  paralysis,  279. 
Dorsal  reflex,  147. 

vertebrae,  fracture  of,  176. 
Dorso-intercostal  neuralgia,  1 146. 
Double  athetosis,  330. 

vision,  597. 
Dubini's  disease,  988. 
Dura  mater,  tumor  of,  408. 
Dynamometer,  28. 
Dysacusis,  675. 
Dysaesthesia,  32. 

receptive,  1 196. 
Dysarthria,  541. 
Dyschromatopsia,  583. 
Dysentery,  paralysis  after,  12 19. 


EAR  disease,  causing  abscess  of  brain, 
856;     meningitis,    723;     diagnosis, 

745- 
Echinococci,  409. 

Eclampsia,  1 1 10 ;  infantile,  mi;  puer- 
peral, 1 1 15. 
Elbow,  flexors,  centres  for,  139. 
Electrical  chorea,  975,  988. 

irritability,  43. 
Electricity  in  tabes,  322. 
Emboliform  nuclei,  493. 
Embolism,  808 ;    a   cause   of  apoplexy, 
532,812,826;  a  cause  of  aneurism, 
908  ;  in  chorea,  975,  981. 

of  cord,  239. 
Embryonal  tissue,  423, 
Eminentia  teres,  .483. 
Emissary  veins,  502. 
Emprosthotonos,  1033. 
Empyemia,  paralysis  from,  442. 
Encephalitis,  846;  chronic,  843,  850. 
Encephalomalacia,  808  ;  see  Softening. 
Encephalopathia  saturnina,  1264. 
Enchondroma  of  cord,  409. 
Endarteritis,  775. 
Endemic  neuritis,  119. 
Enlargement  of  head,  948,  953. 
Enteralgia,  1 169. 

Epidemic  cerebro-spinal  meningitis,  751. 
Epigastric  aura,  685,  1085. 
Epilepsia  cursiva,  1086;  larvata,  1092. 
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Epilepsy,  1078;  diagnosis,  525,  goo;  from 
tetany,  1057;  minor,  1082,  1090,  1336; 
diagnosis    from    aural    vertigo,    1128; 
from  migraine,  11 86. 
Epileptic  cry,  696,  1086. 
hemiplegia,  1089. 
mania,  1093;  vertigo,  1091. 
Epileptiform  neuralgia,  1142,  1149. 
Epileptogenic  zones,  1088. 
Erectile  tumor,  879. 
Erysipelas,  paralysis  after,  1217. 
Essential  paralysis  of  children,  254. 

vertigo,  1132. 
Excentric  pain,  157. 

Exophthalmic  goitre,  n  99;  albuminuria 
in,  1205;  aneurisms  in,  1208  ;  bronzing 
of  skin  in,  1207;  cervical  sympathetic 
in,  1209;    glycosuria  in,  1205;   mania 
in,   1206;    ophthalmoplegia  in,   1206; 
recovery  in,  1207. 
Exostoses,  vertebral,  189. 
Extensors  of  fingers,  50. 
of  foot,  56. 
of  knee,  55. 

nerve  centres  for,  140. 
of  wrist,  50. 

nerve  centres  for,  140. 
External  capsule,  469,  479. 
meningitis,  192. 
ophthalmoplegia,  296. 
pachymeningitis,  719. 
popliteal  nerve,  disease  of,  100. 
rectus,  paralysis  of,  601. 
Extra-dural  tumors  of  cord,  407. 
Extra-meningeal  hemorrhage,  210. 
Eyeballs,  reflex  fixation  of,  359. 
Eyelid,  centres  for,  460. 
Eye  symptoms  in  tabes,  295. 

FACE  centre  in  cortex,  459. 
Facial  hemiatrophy,  1 197. 
nerve,  486,  644,  892. 
paralysis,  645  ;  cerebral,  892. 
spasm,  660,  102-2. 
Facio-lingual  hemiplegia,  514. 
False  image,  598. 
neuromata,  -80. 
peritonitis,  1297. 
torticollis,  1015. 
Family  tendency  to  ataxy,  344- 
Faradaism,  43. 

in  infantile  palsy,  259. 
Fasting  girls,  1313. 
Festination,  1004. 
Fibrillation  of  muscle,  357. 
Fibroid  tumors,  878. 

Fifth   nerve,  anatomy,  487;    disease  of, 
631,  892;   anosmia  from,  569;   in 
facial   hemiatrophy,  1199:  trophic 
changes  from,  634. 
degeneration  of,  in  tabes,  310. 

Fillet,  467.  473.  475- 


Fissures  of  brain,  446. 

in  cord,  422. 
Fixed  spasm,  521. 
Flat-foot,  57. 
Fleece,  of  Stilling,  493. 
Flexibilitas  cerea,  1332. 
Flexors  of  elbow,  50. 

nerve  centres  for,  139. 
of  fingers,  51. 
of  foot,  57. 
of  knee,  56. 

nerve  centres  for,  140. 
of  wrist,  50. 
Focal  hemorrhage,  282. 
meningitis,  738. 
myelitis,  217. 
sclerosis  of  cord,  244. 
Foetal  tumors,  879. 
Foot  clonus,  nerve  centre  for,  147. 
muscles,  56. 

nerve  centres  for,  141. 
Forced  positions,  889. 
Fortification  spectrum,  1 174. 
Fourth  nerve,  anatomy,  488 ;  disease  of, 

606  ;  in  tumor,  891. 
Fracture  of  spine,  173. 
Fractures,  spontaneous,  of  bone,  298. 
Friedreich's  disease,  344 ;  see  Hereditary 

ataxy. 
Fright  and  chorea,  970;    and  epilepsy, 

1080. 
Functional  diseases,  25,   169,   442,   507, 

866,  955. 
Functions  of  brain,  445. 
of  cord,  137. 

mutual  relation  of,  151. 
Fungus  hasmatodes,  876. 
Funiculus  cuneatus,  474. 
gracilis,  474. 


GAIT  in  paraplegia,  327. 
in  pseudo-hypertrophy,  383. 
in  tabes,  290. 
Galton's  whistle,  1127,  1 129. 
Ganglion  cell  layer,  454. 
Gasserian  ganglion,  631. 
Gastralgia,  774,  1 169. 
Gastric  branches  of  vagus,  698. 

crises,  300. 

vertigo,  1131. 
GastrOdynia,  774,  1169. 
Gelatinous  gray  substance,  1 24. 
General  causation  of  cord  disease,  169. 

paralysis,  901,  1277,  1283. 
and  tabes,  317. 

spinal  paralysis,  246. 

symptoms,  555. 
Geniculate  ganglion,  disease  of,  657. 
Giant  cells,  454. 

Giddiness,  530,  1 118;  see  Vertigo. 
"Girdle"  pain,  158. 
Glia"  cells,  123. 
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Glioma,  782,  874- 
of  cord,  409. 

Gliomatosis,  425. 

Globus  hystericus,  1085,  1308,  1312,  1319. 

Glosso-pharyngeal  nerve,  anatomy,  483, 
484;  disease  of,  681. 

Glottis,  muscles  of,  681 ;  see  Larynx. 

Gluteal  reflex,  147. 

Goitre,  simple,  distinction  from  exoph- 
thalmic, 1212;  see  Exophthalmic  goi- 
tre. 

Goll's  column,  123. 

Gonorrhceal  rheumatism,  200. 

Gout,  functional  disease  from,  442. 

Gouty  neuralgia,  11 52. 

Graefe's  symptom,  1203,  1210. 

Granular  degeneration  of  muscles,  362. 
disintegration,  1039. 

Granule  corpuscles,  815  ;  layer,  454. 

Graves'  disease,  1200;  see  Exophthalmic 
goitre. 

Gray  commissure,  135. 

degeneration  of  cord,  306. 
substance,  124. 
tubercle  of  Rolando,  475. 

Growths  in  spinal  column,  186. 

Gubler's  tumor  in  wrist-drop,  1260. 

Guinea-pig,  epileptic,  163. 

Gummata,  873. 

Gunshot  wounds  of  cord,  434. 

Gyrus  fornicatus,  449. 


HABIT  chorea,  993. 
spasm,  993,  1016. 

Hematoma  of  dura  mater,  720. 

Haematomyelia,  280. 

Hasmatorrhachis,  209  ;  see  Spinal  hemor- 
rhage. 

Haemorrhagic  myelitis,  219. 
pachymeningitis,  720. 

Hallucinations,  536. 

Hand  muscles,  50. 

nerve  centres  for,  139. 

Headache,  529,  1189. 

Head,  enlargement  of,  953. 
pressure,  1194. 

Hearing,  disturbance  of,  669;  see  Audi- 
tory nerve. 

Heart  in  chorea,  959,  965  ;  in  exophthal- 
mic goitre,  1 201  ;  disease  and  cerebral 
hemorrhage,  796,  826 ;  and  embolism, 
809 ;  see  Cardiac  ^ 

Hemiachromatopia,  582. 

Hemianaesthesia,  526;  .hysterical,  1297; 
alcoholic,  1288;  saturnine,  1266. 

Hemianopia,  462,  490 ;  temporal,  588 ; 
horizontal,  584;  in  migraine,  589,  1174; 
oblique,  584;  partial,  575,  580;  lateral, 
588 ;  color,  582. 

Hemiatrophy  of  tongue,  297. 

Hemicrania,  1171. 

Hemiparaplegia,  165. 


Hemiplegia,  508,  771,  797;  and  convul- 
sions, 1 1 13;  and  epilepsy,  1 103;  and 
paralysis  agitans,  ion. 

Hemorrhage,  cerebral,  774;  meningeal, 

745- 
into  cord,  280,  428,  435. 
Hepatalgia,  1 170;  in  hysteria,  1302. 
Hephsestic  hemiplegia,  1077. 
Hereditary  ataxy,  344. 

chorea,  973. 
Herpetic  neuralgia,  1151. 
Hip  muscles,  55. 

nerve  centres  for,  140. 
Homonymous  diplopia,  599. 

hemianopia,  570,  577. 
Hydatid  disease  of  spine,  190. 
Hydatids,  879. 
Hydrargyria,  1275. 
Hydrocephalic  cry,  730. 
Hydrocephaloid     condition,     746,    838 ; 

symptoms,  761. 
Hydrocephalus,   725,    760,    949;     acute, 
949 ;  acquired,  950,  952  ;  chronic,  950 ; 
external,  950;  internal,  881,950;   pri- 
mary, 952 ;  sacculated,  950. 
Hydromyelia,  422. 
Hydrophobia,  1237;   and  tetanus,  1043; 

spurious,  1249. 
Hydrophobic  tetanus,  1035,  1043. 
Hydrorrhacis  interna,  422. 
Hyperacusis,  670,  675. 
Hyperaemia  of  brain,  764. 

of  cord,  214. 
Hyperesthesia,  31. 

in  cord  disease,  157. 
Hyperalgesia,  31. 

in  cord  disease,  157. 
Hypergeusia,  644. 

Hyperpyrexia  in  alcoholism,  1282;  cho- 
rea,  965;    tetanus,    1034;    disease    of 
pons,  715,  787  ;  meningitis,  732. 
Hypertrophic  pachymeningitis,  203,  419. 
Hypertrophy  of  brain,  947;  of  pons,  876; 

of  muscle,  402. 
Hypnotic  state,  131 1. 
Hypnotism,  1330. 

Hypochondriasis,  439,  1168,  1290,  1337. 
Hypoglossal   nerve,   anatomy,  482;  pa- 

ralysis  of,  703  ;  in  tumor,  893. 
Hysteria,  1289;    and   chorea,  983;   and 
tetanus,  1043;   and  trance,  1335 ; 
in  hydrophobia,  1247  ;  in  diphther- 
itic paralysis,  1226, 1234 ;  in  tumor, 
899. 
major,  1307;  minor,  1307;  diagnosis 
from  meningitis,  746;  tumor,  899; 
insular  sclerosis,  929. 
Hysterical  amblyopia,  588,  1299;  anuria, 
1314;  aphonia,  1299;  chorea,  972,  1307; 
dyspnoea,  1314;  ischuria,  1314;  neural- 
gia, 1152;  paraplegia,  442  ;  torticollis, 
1016,  1024,  1025 ;  tremor,  1014. 
Hystero-epilepsy,  1308. 
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Hysterogenic  points,  1152,  1296. 
Hysteroid    convulsions,    526,    1308 ;    in 
epilepsy,  1101  ;  in  hydrophobia,  1249. 


IDIOPATHIC  muscular  atrophy,   378, 

1  393- 

tetanus,  1027,  1030. 
Illusions,  536. 

Incoordination  in  tumors,  888 ;  jerky,  902, 
924. 

mechanism  of,  313. 

of  movement,  29. 

in  cord  disease,.  155. 
Inequality  of  pupils,  928. 
Infantile  chronic  meningitis,  739. 

convulsions,  mi. 

eclampsia,  ir  11. 

hemiplegia,  839. 

meningeal  hemorrhage,  801. 

paralysis,  254. 
Inferior  dental  neuralgia,  1144. 
•    oblique,  paralysis  of,  604. 

parietal  lobule,  448. 

rectus,  palsy  of,  603. 
Inflammation  of  brain,  acute,  846 ;  chron- 
ic, 850,  901 ;  disseminated,  851. 

of  cord,  216. 

of  membranes  of  cord,  192. 

of  nerves,  72. 
Infra-orbital  neuralgia,  1144. 
Ingravescent  apoplexy,  533,  794. 
Inhibition   in   apoplexy,   534;    hysteria, 

1318. 
Initial  rigidity,  516. 
Injuries  of  spine,  172. 
Injury  to  nerves,  65. 

Insanity,    537,    1248;     acute    alcoholic, 
1286;   and  hysteria,  1312  ;   hypochon- 
driasis, 1340. 
Insula,  449. 

Insular    sclerosis,    919;     and    paralysis 
agitans,   101 1 ;    simulated  by  tumors, 
888. 
Intermediate  gray  substance,  125. 

group  of  cells,  125. 

process,  125. 

septum  of  cord,  130. 
Intermedio-lateral  tract,  125. 
Internal  capsule,  466;  lesions  of,  712. 

carotid    artery,   496;     aneurism    of, 
911 ;  obstruction  of,  821. 

medullary  lamina,  478. 

meningitis,  195. 
chronic,  201. 

pachymeningitis,  720. 

popliteal  nerve,  disease  of,  101. 

rectus,  paralysis  of,  601. 
Interolivary  layer,  474. 
Interosseal  flexion,  1052,  1056,  10S6. 
Interparietal  fissure,  448. 
Interstitial  neuritis,  72. 


Intracranial  aneurisms,  907. 

pressure,  889. 

tumors,  744,  869. 
Intrameningeal  hemorrhage,  210. 
Intraspinal  tumors,  407. 
Iridoplegia,  606. 
Iris,  paralysis  of,  606. 
Irritability,  electrical,  of  nerve  and  mus- 
cle, 43. 

faradaic  and  voltaic,  66. 
Irritable  weakness,  507,  1070. 
Irritation,  507;  symptoms,  591. 
Irritative  degeneration  of  pyramidal  fibres, 

161. 
Island  of  Reil,  449. 


JACOBSON,  nerve  of,  645. 
Jaw  centres  in  cortex,  459. 
jerk,  160,  328. 
Joints  in  infantile  palsy,  260. 
in  tabes,  299. 
nutrition  of,  148. 
Juvenile  muscular  atrophy,  395. 


KAKKE,  119. 
Kathode,  67. 
Kidney  disease,  899;   in  ataxic  paraple- 
gia, 338 ;   in  apoplexy,  778 ;   in  tabes, 

3°3- 
Knee  jerk,  35. 

centre  for,  147. 

in  diphtheria,  317,  1222. 

■in  hysteria,  1302. 

in  pseudo-hypertrophy,  386,  390. 

in  tabes,  294. 
Kopf-tetanus,  1029,  1035. 


LABIO-GLOSSAL  laryngeal  palsy,  934; 
articulation  in,  936;  distinction  from 
organic   diseases  of  medulla,  940 ; 
electrical  irritability  in,  937. 
Labyrinthine  vertigo,  670,  1101,  1123. 

and  epilepsy,  1 100. 
Laceration  of  cord,  434,  436. 
Landry's  paralysis,  275,  and  rabies,  1244. 
Language,  sensory  relations  of,  543. 
Laryngeal  crises,  696;  palsy,  1263,  1320; 

spasm,  701  ;  see  also  Larynx. 
Laryngismus  stridulus,  695,   1051,  1112, 

1 1 13. 
Larynx,  anaesthesia  of,  694;   nerve  sup- 
ply of,- 686;   paralysis  of,  686,  699  ;  in 
hysteria,  1299;  spasm  of,  695. 
Lateral  limiting  layer,  128,  134. 
nucleus  of  cerebellum,  475. 
sclerosis  and  hysteria,  1318,  1319. 
sinus,  thrombosis  of,  837. 
tracts,  128. 

ventricles,  hemorrhage  into,  791. 
Late  rigidity,  516. 
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Latissimus  dorsi  in  pseudo-hypertrophy, 
381. 

Lead  poisoning,  1254;  colic,  1257;  excre- 
tion of  lead  in,  1256;  neuralgia  from, 
1 1 53 ;  optic  neuritis  in,  899,  1 265  ;  pains 
from,  1258;  paralysis,  1258;  tremor 
from,  1263,  1276;  and  arsenic,  1274. 

Leg,  affection  of,  in  hemiplegia,  513. 
centres,  459. 

disease  of  nerves  of,  101. 
neuralgia  of,  1 148. 

Lemniscus,  see  Fillet. 

Lenticular  loop,  476 ;  nucleus,  479. 

Lenticulo-optic  artery,  497. 
striate  artery,  497. 

Leprous  neuritis,  109,  120. 

Lepto-meningitis,  192,  719,  722. 

Lethargy,  131 1,  1330,  1333. 

Levator  palpebral,  paralysis  of,  605  [see 
"  Ptosis") ;  spasm  of,  630. 

Ligature  of  arteries  in  neuralgia,  1165  ;  in 
epilepsy,  mo. 

Lightning  pains,  291. 

Lingual  gyrus,  449. 

paralysis,  703;  spasm,  705. 

Lipomata,  879. 

Lipoma  of  cord,  409. 

Lipomatous  muscular  atrophy,  378. 

Lips,  origin  of  fibres  for,  483 ;  paralysis 
of,  650,  936. 

Localization,  708. 

of  function  in  cord,  137. 

Localized  electrization,  378. 

Locality,  test  of  the  sense  of,  527. 

Lockjaw,  637,  1027  ;  see  also  Tetanus. 

Locomotor  ataxy,  285. 

Locus  niger,  467. 

Longitudinal  fissure,  446. 

Lordosis  in  idiopathic  muscular  atrophy, 

397- 

in  progressive  muscular  atrophy,  356. 

in  pseudo-hypertrophic  paralysis,  385. 
Lumbar  enlargement,  localization  in,  140 ; 

plexus,  diseases  of,  99. 
Lumbo-abdominal  neuralgia,  1 147. 
Lumbricales  of  foot,  58. 

of  hand,  52. 
Lyssophobia,  1248. 


MAIN-EN-GRIFFE,  53.      „ 
Malarial    fevers,    paralysis    from, 
1219. 
neuralgia,  n  53. 
Mania  and  chorea,  983  ;   alcoholic,  1286, 

1287. 
Marantic  thrombosis,  834,  839. 
Marginal  convolution,  449. 
Masked  epilepsy,  1092. 
Mastication,  muscles  of,  637  ;  paralysis  of, 

635  ;  spasm  of,  637  ;  centres  for,  460. 
Massage  in    pseudo-hypertrophic  palsy, 
393- 


Measles,  nervous  disease  after,  1218. 
Mechanical  appliances  in  palsy,  272. 

congestion  of  the  brain,  779. 
Median  nerve,  disease  of,  92. 
Medulla  oblongata,  anatomy,  483 ;  hem- 
orrhage into,  790;  lesions  of,  716,  940; 
vessels  of,  498. 
Melancholia,  alcoholic,  1287. 
Melanotic  tumors,  878. 
Membranes,  disease  of,  718. 
of  cord,  diseases  of,  191. 
Memory,  defect  of,  538 ;    in  hypochon- 
driasis, 1339. 
M6niere's  disease,  1123. 
Meningeal  hemorrhage,  745,  1248;  path- 
ology, 779 ;  anatomy,  785  ;   symp- 
toms, 792;  diagnosis,  817. 
blood  tumor,  720. 
Meningitic  streak,  415. 
Meningitis,  719, 839, 866, 901, 1288 ;  acute, 
722,  1283;  and  convulsions,  1 113;  bas- 
ilar, 724;  chronic,  729,  738,  902;  alco- 
holic, 725  ;  differential  diagnosis,  743 ; 
epidemic,  751 ;  purulent,  724,  726;  spi- 
nal,   192;    syphilitic,  724;    tubercular, 
727  ;  diagnosis  from  hysteria,  746,  758. 
Meningitophobia,  758. 
Meningo-encephalitis,  850. 
Mental  symptoms,  530;  in  epilepsy,  1093. 
Mercurial  poisoning,  1275  ;  tremor,  1263, 

1276.  , 

Metallic  poisoning,  1254. 
Microcephaly,-  946. 

Middle  cerebral  artery,  498 ;  obstruction 
of,  822  ;  aneurism  of,  912. 
form  of  reaction  of  degeneration,  45. 
fossa,  tumors  of,  894. 
Migraine,  1171;  aphasia  in,  1 176;  hemi- 
anopia  in,   589 ;    sensory  disturbance, 
1175;  visual  symptoms,  1 174. 
Miliary  aneurism,  774,  775, 907 ;  in  retina, 

560;  sclerosis,  931. 
Mimic  spasm,  660. 
Mind  blindness,  464,  543,  552,  586. 

deafness,  465. 
Miners'  nystagmus,  628. 
Mobile  spasm,  519. 
Monoplegia,  514,  708,  820. 
Moral  sense,  defects  of,  540. 
Morbus  medicorum,  1196. 
Motor  aphasia,  546;    centres,  448,  458; 
in  monkey,  455;    convolutions,  469; 
paralysis,  508;   path,  469;  symptoms, 
508. 
Motor  over-action,  154. 

segments,  upper  and  lower,  130. 

diseases  of,  1 54. 
symptoms,  27. 

in  cord  disease,  1 53. 
in  tabes,  289. 
Multiple  cerebral  tumors,  895. 
neuritis,  73,  108. 
neuroma,  82. 
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Multiple  sclerosis,  919;  see  Insular. 

tumors  of  cord,  409. 
Mumps,  paralysis  after,  1219. 
Muscle-reflex  centres,  physiology  of,  146. 
Muscles,  action  and  paralysis  of,  45. 

nutrition  of,  148. 
Muscular  anaesthesia  in  tabes,  314. 

atrophy,  chronic  spinal,  350. 
from  over-use,  377. 

hypertrophy,  402.  > 

irritability  and  nutrition,  517. 

rigidity,  515. 

tumors,  1305. 
Musculo-cutaneous    nerve,    disease    of, 
90. 

spiral  nerve,  disease  of,  92. 
Musculo-spiral  paralysis  and  lead  palsy, 

1270;  and  writers'  cramp,  1072. 
Mycosis  of  brain,  849. 
Myelitis,  216. 
Myeloid  tumors,  878. 
Myoclonus  multiplex,  989. 
Myolipoma  of  cord,  409. 
Myopathic  atrophy,  378. 

face,  396. 
Myosis,  608. 

spinal,  295. 
Myotatic  contractions,  40. 

irritability  in  arthritic  muscular  atro- 
phy, 375. 

irritability  in  hemiplegia,  517. 
Myxomata,  878. 

of  cord,  409. 


NARCOLEPSY,  1335,  1336. 
Narcotic  softening,  808. 
Nephralgia,  1170. 
Nephralgic  crises,  301. 
Nerve  injury,  symptoms  of,  65. 
stretching  in  neuralgia,  1 166. 
stretching  in  tabes,  323. 
Nerves,  diseases  of,  59. 
special,  84. 

of  arm,  combined  palsies  of,  95. 
of  lower  limb,  98. 
of  upper  limb,  86. 
Nervi  nervosum,  60,  1141. 
Nervous  deafness,  670. 
Nervousness,  439. 

Neuralgia,  670;  pathology,  11 38;  symp- 
toms, 1 1 34;  treatment,  1164. 
brachial,  1145;   cervical,  1145;  cru- 
,  ral,  1 148;  trigeminal,  1143. 
epileptiform,   1149;    herpetic,   11 51; 
hysterical,   11 52;    malarial,   11 53; 
toxic,  1 1 53 ;  traumatic,  1 1 50 ;  occu- 
pational, 1068. 
Neuralgic  headache,  1192. 
Neurasthenia,  1341- 
Neurotomy  in  neuralgia,  1 165. 
Neuritic  atrophy  of  optic  nerve,  563. 


Neuritis,  72. 

diagnosis  from  neuralgia,  1 1 54 ;  see 
also  Alcoholism,  Metallic  Poison- 
ing, etc. 

migrans,  73. 

multiple,  108. 
Neuroglia,  structure  of,  123. 

development  of,  423. 
Neuroma,  80,  409. 
Neuromata,  879. 

Neuro-paralytic  ophthalmia,  837,  894. 
Nocturnal  vertigo,  1131. 
Nose,  disease  of,  causing  abscess,  857. 
Nuclear  ocular  palsy,  616;  acute,  616. 
Nucleus  ambiguus,  485,  939. 

lemnisci,  476. 

post-pyramidal,  131. 
Nurses'  contracture,  1050. 
Nutritional  disease,  507. 

of  cord,  169,  443. 

diseases,  26. 
Nutritive  changes  in  muscles,  64. 
Nystagmus,  626,  924,  101 1  ;   in  uraemia, 
1 1 17. 


OCCIPITAL  bone  in  tetanus   neona- 
torum, 1032. 
lobe,  449 ;  lesions  of,  711. 
Ocular  hyperesthesia,  592. 

motor    nerves,   anatomy,   488,   489, 

594-  ,.    .     . 

movements,  limitation  ot,  595. 
muscles,    paralysis    of,    612 ;    diph- 
theritic, 613;  recurring  or  periodic, 
614;    rheumatic,   613;    syphilitic, 
614. 
spasm  of,  624;    associated  chronic, 
625  ;    hysterical,    625  ;    irregular, 
625. 
Ocular  neuralgia,  1143. 
vertigo,  597,  1122. 
Occupation  neuralgia,  1068. 

neuroses,    98,     1059 ;    see    Writers' 
cramp. 
GEdema  with  neuralgia,  1138. 

vasomotor,  415. 
O'idium  albicans  causing  abscess,  859. 
Oinomania,  1287. 
Olfactory  hyperesthesia,  569. 
Olfactory  nerve,  492 ;    disease  of,    566, 

891. 
Olivary  bodies,  474.  475- 
Onset,  modes. of,  in  cord  disease,  170. 
Operculum,  448. 

Ophthalmoplegia,  61 2;  acute,  616;  chron- 
ic, 617;  progressive,  618;  total,  618. 
Ophthalmoscopic  signs,  560. 
Opisthotonos,  1032;  in  hysteria,  1309. 
Optic  chiasma,  disease  of,  571. 
Optic  nerve,  490,  891  ;   atrophy  of,  296, 
566  ;  disease  of,  570 ;  examination 
of  functions  of,  573. 
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Optic    neuritis,    562 ;    in    tumors,    884 ; 

mechanism  of,  565. 
Optic  radiation,  479. 

thalamus,  478  ;  lesions  of,  714. 
tract,  490 ;  disease  of,  572. 
Orbital  disease  causing  abscess,  858. 
Organic  disease,  25,  507;   of  brain,  759; 

diagnosis  from  neuralgia  of  fifth, 

1 1 56;    from   aural   vertigo,    11 29; 

from  epilepsy,  1103. 
diseases  of  cord,  169. 
Orthotonos,  1033. 
Osteo-fibroma  of  brain,  878. 
Otitis,  diagnosis  from  meningitis,  745. 
Ovarian  tenderness,  1304,  1323. 
Overflow  incontinence,  163. 
Over-use,  muscular  atrophy  from,  377. 


PACHYMENINGITIS,  192,  719. 
Pain,  conduction  of,  in  cord,  142, 157. 
sensibility  to,  31. 
Pains,  excentric,  radiating,  157. 
Palate,  paralysis  of,  706;   in  diphtheria, 

1222. 
Palsy,  types  of,  261. 
Paracentral  lobule,  448. 
Paradoxical  muscular  contraction,  40. 
Parsesthesia,  32. 
Parageusia,  644. 
Parallel  fissure,  449. 
Paralysis,  acute  ascending,  274. 

after  acute  diseases,  12 15. 

agitans,  996,  1277;  distinction  from 
insular  sclerosis,  928. 

from  increased  atmospheric  pressure, 
280. 

of  muscles,  45. 

post-convulsive,  525. 
Paralytic  chorea,  962,  983. 
Paramyoclonus  multiplex,  988,  989. 
Paramyotone  congenitale,  406. 
Paraplegia,   alcoholic,  1288;    congenital 
spastic,  801  ;  hysterical,  1300. 

ataxic,  336. 

dolorosa,  187. 

.spastic  primary,  323. 
Parasitic  cysts,  879. 

tumors  of  cord,  409. 
Parenchymatous  myelitis,  240. 

neuritis,  72. 
Parietal  lobe,  449;  lesions  of,  711. 
Parieto-occipital  fissure,  446. 
Parkinson's  disease,  996. 
Paroxysmal  headache,  1171. 
Partial  hemianopia,  580,  581. 
Passive  congestion,  767,  768. 
Pathological  diagnosis  in   cord   disease, 

167. 
Peduncles  of  cerebelkim,  493,  494. 
Perforating  ulcer  of  foot,  298. 
Periaxial  neuritis,  1266. 


Perimeningitis,  192. 

Perineuritis,  72. 

Periodical  paralysis  of  ocular  muscles, 

614. 
Peripachymeningitis,  192. 
Peripheral  nerves  in  tabes,  309. 
Petit  mal,  889,  1336. 

Petrosal  ganglion,  681  ;   sinus,  thrombo- 
sis of,  837.  ■ 
Phantom  tumors,  1305,  1327. 
Pharynx,  paralysis  of,  681,  936  ;  in  diph- 
theria, 1222. 

spasm  of,  686. 
Phonic  laryngeal  spasm,  696. 

paralysis,  691,  696;  in  hysteria,  700. 
Photophobia,  593. 
Phrenic  nerve,  disease  of,  85. 
Pianoforte  players'  cramp,  1059,  ID76. 
Pineal  gland,  tumor  of,  880. 
Pituitary  body,  tumors  of,  894. 
Plantar  nerves,  disease  of,  101. 

reflex,  147. 
Plaques  jaunes,  815. 
Plaster-of-Paris  jackets  in  Pott's  disease, 

182. 
Pleurodynia,  1169. 
Pleurothotonos,  1033. 
Plexiform  neuroma,  81. 
Pli  courbe,  449. 
Pneumogastric   nerve,  nucleus   of,   484; 

diseases  of,  682. 
Point  apophysaire,  1137. 
Polio-encephalitis,  844. 
Poliomyelitis,  217. 

chronic  and  subacute,  273,  350. 
Polyassthesia,  31,  293. 
Polyneuritis,  108. 
Pons,  glioma  of,  875  ;   hemorrhage,  784, 

790  ;  lesions  of,  715  ;  vessels  of,  500. 
Popliteal  nerve,  diseases  of,  100,  101. 
Porencephalia,  843. 
Post-convulsive  paralysis,  525. 
Posterior  cerebral  artery,  498  ;   aneurism 
of,  912,  913;  obstruction  of,  823. 

column,  function  of,  143. 

communicating  artery,  aneurism  of, 
912. 

crico-arytenoid  muscle,  687. 

fossa,  tumors  of,  894. 

ground  fibres,  133. 

horizontal  fibres,  467. 

longitudinal  fibres,  467,  473,  476. 

pyramid,  474. 

of  medulla,  133. 

root  fibres,  136. 
zone,  133. 

sclerosis,  285. 

spinal  vein,  137. 

thoracic  nerve,  disease  of,  88. 

vesicular  tract,  126. 
Postero-external  column,  source  of  fibres 
of,  133. 

nucleus,  474. 
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Postero-median   column,  474;    nucleus, 
474- 

source  of  fibres  of,  130,  132. 
Post-epileptic  automatism,  1093. 

hem'iplegic  chorea,  520,  523,  842. 
disorders  of  movement,  523. 
epilepsy,  1078,  1080,  1094. 

pyramidal  nucleus,  131,  474. 
Posture,  loss  of  sense  of,  166,  314. 
Pott's  disease,  176. 
Precentral  sulcus,  448. 
Precuneus,  448. 

Prefrontal  lobe,  449 ;  lesions  of,  710. 
Pregnancy  and  chorea,  960. 
Pressure  myelitis,  410. 
Primary  hsematomyelia,  281. 

lateral  sclerosis,  323. 

multiple  neuritis,  73. 

spastic  paraplegia,  323. 
Primitive  canal  of  cord,  425. 
Progressive  bulbar  palsy,  934. 

muscular  atrophy,  302,  350, 937, 1270. 

ophthalmoplegia,  937. 
Pronators,  50. 

nerve  centres  for,  140. 
Propulsion,  1004. 
Prosopalgia,  1143. 
Psammoma,  879. 
Pseudo-bulbar  palsy,  541,  716,  944. 

hypertrophic  paralysis,  378. 
mode  of  rising  in,  383. 
Pseudo-paralysis,  251. 
Psychical  processes,  465. 
Ptosis,  605  ;  congenital,  621 ;  double,  614; 
hysterical,  621 ;   in  tabes,  295;   reflex, 
620 ;  from  disease  of  sympathetic,  621. 
Puerperal  convulsions,  1115;  eclampsia, 

1 1 15;  tetanus,  1027,  1030. 
Pulmonary  branches  of  vagus,  697. 
Pulse  in  brain  disease,  556. 
Pulvinar,  478. 
Pupil  in  cord  disease,  162. 
Pupils  in  apoplexy,  535. 
Pupil  symptoms,  606. 
Pyramidal  cells,  large  and  small,  453. 

fibres,  130. 

tracts,  470 ;  degeneration  of,  504. 

tracts  in  progressive  muscular  atro- 
phy, 366. 
mode  of  ending  in  cord,  130. 
Pyrexia  in  cord  disease,  163. 

/QUADRATE  lobule,  448. 

RABIES,  1237,  1239. 
Rachialgia,  157. 
Radiating  pains,  157. 
Railway  spine,  437. 
Reaction  of  degeneration,  44,  65. 
in  infantile  palsy,  259. 


Rectal  crises,  301. 
Rectum,  centre  for,  148. 
Recurrent  laryngeal  palsy,  692,  693,  699. 
Recurring  utterances,  548. 
Red  softening,  acute,  815,  866. 
of  cord,  219. 

nucleus,  467. 
Reflex  action,  34. 

two  kinds  of,  in  cords,  145. 

amblyopia,  589;  epilepsy,  1080;  neu- 
ralgia, 1 142,  1 149;  ptosis,  620. 

paralysis,  442. 

spasm,  160. 
Reflexes,  superficial,  35. 
Regeneration  of  nerves,  63. 
Regressive  period  of  infantile  palsy,  262. 
Relapsing  palsy  of  ocular  muscles,  614. 
Relation  of  cortex  to  skull,  449. 
Representation  of  movements  on  cord, 

138. 
Respiration  in  brain  disease,  557. 
Respiratory  column,  484;  paralysis,  691  ; 

spasm,  994,  1033. 
Restiform  body,  474. 
Retention  of  urine  in  hysteria,  1314. 
Reticular  formation,  468,  473,  476. 
Retraction  of  head,  744,  758,  891. 
Retrocollic  spasm,  1012,  1016,  1021,  1024. 
Retro-insular  convolution,  449. 
Retropulsion,  1004. 
Rheumatic  neuralgia,  1 1 52 ;  neuritis,  73  ; 

paralysis,  613;  tetanus,  1044. 
Rheumatism  and  chorea,  959. 

of  dorsal  muscles,  200. 
Rickets  and  convulsions,  in  1,  11 13. 
Rigidity,  515. 

clasp-knife,  160. 

in  arthritic  muscular  atrophy,  375. 

in  progressive  muscular  atrophy,  358. 
Risus  sardonicus,  1032. 
Romberg's  symptom,  289. 
Roof  nucleus,  492. 
Root  fibres,  course  of,  136. 

symptoms  in   compression  of  cord, 
250. 

zone,  423. 
Rupture  of  aneurisms,  909. 


SACRAL  neuralgia,  1148. 
plexus,  diseases  of,  100. 
Saltatoric  spasm,  991. 
Sarcoma,  873,  876. 

of  cord,  409. 
Saturnism,  iocal,  1264;  see  Lead  poison- 
ing. 
Scanning  utterance,  541,  925. 
Scapular  reflex,  147. 
Scarlet  fever,  paralysis  after,  121 8. 
Schusterkrampf,  1076. 
Sciatica,  103. 
Sciatic  nerve,  disease  of,  100. 
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Sclerosis,  annular,  242 ;  diffuse,  930  ;  dis- 
seminated, 919 ;  in  chronic  muscular 
atrophy,  365;  lateral,  323;  lobar,  843; 
miliary,  931 ;  of  brain,  931 ;  of  spinal 
cord  in  hysteria,  1319;  secondary,  930; 
see  Special  forms. 
Sclerotic  inflammation,  chronic  dissemi- 
nated, 944. 

myelitis,  244. 
Scotoma,  central,  588. 
Screaming  fits,  1 1 1 3. 
Scriveners'  palsy,  1060. 
Secondary  ataxy,  252. 

degeneration  of  nerves,  60. 

degenerations  in  brain,  502. 

deviation  of  eye,  596. 

hsematomyelia,  281. 

over-action  of  facial  muscles,  655. 

tabes,  288. 
Semilunar  tract,  493. 
Seamstresses'  cramp,  1059,  1079. 
Senile  atrophy  of  brains,  947. 

chorea,  972. 

softening,  807. 

tremor,  ion. 
Sensation,  loss  of,  526. 

rhythmical  recurrence  of,  293. 
Sensations,  spontaneous,  158. 
Sensory  aphasia,  543,  549. 

centres,  461  ;  in  monkey,  457. 

conduction  in  cord,  141. 

crossway,  478,  527. 

irritation,  528. 

symptoms,  29,  526. 

in  cord  disease,  155. 
in  tabes,  291. 
Serous  apoplexy,  533,  947. 
Sexual  act  in  tabes,  294. 

functions,  centres  for,  150. 
Shaking  palsy,  996. 
Shivering,  physiology  of,  1042. 
Shoulder-joint  muscles,  47. 

centre  for,  139. 
Silver  poisoning,  1274. 
Simple  apoplexy,  533,  536,  795. 

idiopathic  muscular  atrophy,  393. 

meningitis,  724. 

mental  failure,  538. 
Simulated  fits  and  epilepsy,  1 104. 
Sinus  thrombosis,  835. 
Sixth  nerve,  anatomy,  486 ;  paralysis  of, 

605,  891 ;  rheumatic  neuritis  of,  657. 
Skin,  nutrition  of,  148. 

representation  of,  in  cord,  143. 
Slender  column,  483,  484. 

in  tabes,  324. 
Smell,  centre  for,  461,  492  ;  affections  of, 

567. 
Smiths',  cramp,  1077. 
Softening  of  brain,  807 ;  acute,  807  ;  symp- 
toms, 817;  from  venous  thrombo- 
sis, 836;  progressive  chronic,  917. 

of  cord,  216. 


Somnambulistic  state,  1331. 
Sore  throat  in  tetanus,  1033. 
Space  nerve,  669. 
Spasm  in  cord  disease,  1 54. 

of  masticatory  muscles,  637  ;  of  ocu- 
lar muscles,  624 ;  of  face,  660. 

progressive  muscular  atrophy,  358. 

saltatoric,  991  ;  habit,  993, 
Speech,  affection  of,  540 ;  in  tumors,  887. 

centres,  465. 
Spherical  nuclei,  493. 
Sphincter  ani,  centre  for,  148. 
Sphincters,  paralysis  of,  162. 
"Spider"  cells,  221. 
Spina  bifida,  432. 

Spinal  accessory,  682,  893  ;  external  part, 
719. 

column,  neuralgia  of,  1147,  1296. 

cord,  anatomy  of,  122. 
blood  supply  of,  136. 

curvature     in     pseudo-hypertrophic 
palsy,  385. 

disease    and    neuralgia,    1 147 ;    and 
paralysis  agitans,  ion. 

epilepsy,  160,  327. 

hemiplegia,  165. 

irritation,  157. 

meningeal  hemorrhage,  209. 

meningitis,  192. 

muscular  atrophy,  chronic,  350. 

pain,  439. 
Spine,  diseases  of  articulations  of,  191. 

fracture  of,  173. 

injuries  of,  172. 

syphilitic  disease  of,  190. 
Spino-muscular  motor  segment,  130. 
Splenius,  spasm  of,  1019. 
Spongy  gray  substance  of  cord,  125. 
Spontaneous  fractures,  298. 

movements,  29. 

sensations,  158. 
Squint,  595. 
Stabs  of  cord,  434. 
Staccato  utterance,  541,  925. 
Status  epilepticus,  1090,  1097,  1104,  1 109, 

1117. 
Stellwag's  symptom,  1204. 
Sterno-mastoid,    paralysis,   702 ;   spasm, 

1019. 
Stertor,  532. 
Stiff  neck,  1015. 
Stigmata  in  hysteria,  1316. 
Strabismus,  595,  596. 
Stretching  nerves  in  tabes,  323. 
Structural  contracture,  517. 

diseases,  25. 

of  cord,  169. 
Stupor,  531. 
Subacute  myelitis,  217. 
Subarachnoid  hemorrhage,  780. 
Subdural  tumors,  407. 
Substantia  nigra,  472. 
Subthalamic  region,  479. 
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Sudden  bulbar  palsy,  941. 

death  in  hemorrhage,  790 ;  in  tumor, 

897. 
paralysis  in  tumor,  896. 
Superior  longitudinal  sinus,  502 ;  throm- 
bosis of,  837. 
medullary  velum,  488. 
oblique  muscle,  paralysis  of,  603. 
olivary  body,  486. 
parietal  lobule,  448. 
pyramidal  decussation,  474. 
rectus,  paralysis  of,  602. 
Supramarginal  convolution,  448. 
Surgery  of  brain,  anatomical  rules,  450. 
Surgical  treatment  of  tumors,  906. 
Syllabic  utterance,  925. 
Sylvian  fissure,  446;  vein,  501. 
Sympathetic  in  exophthalmic  goitre,  1 209 ; 
in  facial  hemiatropy,  1 199. 
neuralgia,  1 149. 
Symptomatic  neuralgia,  1151. 
Symptoms,   mode    of    investigation    of, 
27. 
of  brain  disease,  507 ;   general,  555. 
Syncope,  534,  795  ;  and  epilepsy,  1 100. 
Syphilis  as  cause  of  spinal  degenerations, 
287. 
tabes,  287. 
Syphilitic  choroiditis,  560;  vascular  dis- 
ease, 778,  810,  826 ;  aneurism,  908 ; 
meningitis,  738  ;   neuralgia,  1 1 54 ; 
paralysis  of  ocular  muscles,  614; 
tumors,  870,  871,  873,  897. 
disease  of  spine,  190. 
meningitis,  206. 
Syphilomata  of  cord,  409. 
Syringomyelia,  244,  413,  422. 
System  diseases,  284. 


TABES,  1155,  1157,  1158;   and  arsen- 
ical poisoning,  1273;  and  alcohol- 
ism, 1288. 
dorsalis,  285. 
Tabetic  food,  299. 

.multiple  neuritis,  109. 
paralysis  of  ocular  muscles,  613. 
ptosis,  296. 
Tache  cerebrale,  415,  732.. 
Tactile  sensibility,  30. 
Talipes  in  infantile  palsy,  260. 

pseudo-hypertrophic  palsy,  385. 
varieties  of,  49,  57. 
Taste,  affections   of,  641 ;    loss  of,  634, 
635  ;  in  disease  of  facial,  651 ;  nerves 
of,  642. 
"Tea-kettle  calves,"  380. 
Teething  fits,  mi. 
Tegmental  nucleus.  467. 
Tegmentum,  467,  47^6. 
Telegraphists'  cramp,  1659,  1077. 


Temperature,  555  ;  in  apoplexy,  533,  536 ; 
in  cerebral  hemorrhage,  787,  797  ; 
in  hemiplegia,  518;    in    hysteria, 
1316. 
sensations,  path  of,  in  cord,  144. 
sensibility  to,  32. 
Temporal  hemianopia,  575. 

lobe,  449. 
Temporo-parietal  convolution,  449. 
Temporo-sphenoidal   lobe,  449;    lesions 

of,  711.. 
Tendon  reflexes,  35. 
theory  of,  37. 
in  hemiplegia,  517. 
Tenotomy  in  pseudo-hypertrophy,  393. 
Teratoma,  879. 
Terminal  arteries,  816. 
Tetanic  attacks,  526 ;  rigidity,  888. 
Tetanilla,  1050. 

Tetanoid  chorea,  1059  ;   epilepsy,  1087  ; 
spasms,  1032,  1043. 
rigidity  in  progressive  muscular  atro- 
phy, 358. 
Tetanus,  1027,  1248,  and  tetany,  1057; 
bacillus  of,  1040;  hydrophobicus,  1035; 
idiopathic,    1027 :     neonatorum,    1027, 
1031  ;     rheumatic,    1027 ;     traumatic, 
1045. 
Tetany,  1050;   and  tetanus,  1044;   vari- 
eties of,  1054. 
Thenar  muscles,  centres  for,  140. 
Thinning  of  cranial  bones,  883. 
Thifd  nerve,  489;  lesions  of,  605,  891. 
Thomsen's  disease,  402,  403. 

and  pseudo-hypertrophy,  387. 
Thrombosis,   532,  808,  810 ;   from  athe- 
roma, 814. 
in  cerebral  sinuses  and  veins,  834, 

835- 
Thrombotic  softening,  796. 
Thumb  muscles,  53. 
Thyro-arytenoid  muscle,  687. 
Thyroid  in  exophthalmic  goitre,  1202. 
Tic  douloureux,  660,  1143. 

rotatoire,  1017. 
Tinnitus  aurium,  670,  675. 
Tone,  517. 
Tongue,  paralysis  of,  704;  in  hemiplegia, 

570,  704 ;  spasm  of,  705. 
Tonic  atrophy  of  muscles,  357,  369. 
Torticollis,  701,  1015,  1016. 

paralytic,  46. 
Total  transverse  lesion,  symptoms  of,  164. 
Toxaemia  causing  brain  symptoms,  535. 
Toxaemic  delirium,  537;  headache,  1191. 
Toxic    amaurosis,    589 ;    delirium,    537 ; 

paralysis,  1274;  tremor,  1014.. 
Tract,  antero-lateral  ascending,  134. 

direct  cerebellar,  128. 

posterior  vesicular,  126. 
Tracts,  pyramidal,  128. 
Trance,  131 1,  1330,  1333. 
Transfer  in  hysteria,  1298. 
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Transient  symptoms  in  tabes,  316. 

Transverse  myelitis,  217. 

Trapezius,  paralysis  of,  702  ;   spasm  of, 

1019. 
Traumatic  haematomyelia,  281. 
hemorrhage,  781. 
lesions  of  cord,  434,  437. 
neuralgia,  11 50. 
spinal  neuralgia,  439. 
tetanus,  1027. 
Tremor,  889,  1263;  alcoholic,  K280,  1289; 
asthenic,  1014;   hysterical,  1305,  1327; 
in  exophthalmic  goitre,  1205;   senile, 
1013;    simple,   1013;    see  also  Lead, 
Mercury  and  Arsenic. 
Trephining  for  abscess,  868. 
Trigeminal  neuralgia,  1 143. 
Trismus,  1027  ;  nascentium,  1027. 
Trophic  changes  in  hemiplegia,  518. 
disorders,  72,  160.  • 

influence  of  cord,  147. 
lesions,  41,  42. 
True  neuroma,  80. 
Trunk  neuralgia,  1146. 
Tubercula  dolorosa,  81. 
Tubercular  meningitis,  197. 

causes,  725  ;   anatomy,  727  ;   symp- 
toms, 734 ;  in  adults,  736 ;  partial, 
738  ;  diagnosis,  742,  758. 
tumors,  870,  872,  897. 
of  cord,  409. 
Tumors  of  brain,   869;    varieties,  871; 
effects,  881;  symptoms,  883 ;  diag- 
nosis from  meningitis,  744;   from 
infantile  hemorrhage,  805. 
of  cord,  186,  407. 
Types  of  idiopathic  muscular  atrophy, 

394- 
palsy,  261. 
Type- writers,  1075. 

Typhoid  fever,  848;  paralysis  after,  12 15. 
Typhus  fever,  848;  paralysis  after,  12 17. 


ULCERATIVE    endocarditis,    causing 
aneurism,  809. 
Ulnar  nerve,  disease  of,  93. 
Ultimum  moriens  of  Duchenne,  354. 
Uncinate  gyrus,  449. 
Unilateral  lesions  of  cord,  symptoms  of, 

165. 
Upper  arm  type  of  palsy,  261. 
Urasmia,   535,   758,  795;    and  epilepsy, 

1 103. 
Uraemic  convulsions,  11 17. 
Urethral  crises,  301. 
Urinary  symptoms,  560. 
Uterine  disease  as  a  cause  of  cord  dis- 
ease, 443. 
functions,  centres  for,  1 50. 
phlebitis,  809. 


VACUOLATION  of  nerve  cells,  221. 
Vagus  nucleus,  483. 
Valleix's  points,  1136. 
Variola,  paralysis  after,  12 18. 
Vascular  thickening  in  tabes,  308,  309. 

tumor,  879. 
Vasomotor  and  trophic  changes,  518,  556. 

centres,  150. 

disorders,  72,  160. 

symptoms  and  hysteria,  1312. 

theory  of  epilepsy,  1099. 
Veins  of  cord,  137. 
Venesection  in  apoplexy,  799,  800. 
Venous  circulation  of  brain,  501. 
Ventricular  hemorrhage,  780,  784,  791, 

798-   .  . 

meningitis,  734. 
Verbal  amnesia,  551. 
Vertebras,  cervical,  fracture  of,  175. 

erosion  of,  190. 
Vertebral  artery,  495  ;   aneurism  of,  66 1, 
912  ;  obstruction  of,  824  ;   ligature 
of,  1049,  mo. 

column,  diseases  of,  172. 

exostoses,  189. 
Vertigo,  530,  1 118;   and  epilepsy,  1101  ; 

objective,  1121. 
Vesical  crises,  301. 
Vidian  nerve,  632. 
Violin-players'  cramps,  1076. 
Visceral  control,  148. 

disturbances  in  cord  disease,  162. 

neuralgias,  1167. 

pains  in  tabes,  292. 

symptoms  in  tabes,  300. 
Vision,  examination  of,  573. 
Visual  centre,  462  ;  higher,  543. 

field,  erroneous   projection   of,  597 ; 
examination  of,  576,  577. 

hallucinations,  592. 

symptoms,  570. 
Vitreous  degeneration,  64,  362. 
Vocal  cord,  paralysis  of,  699. 
Voice,  alterations  of,  689. 
Voltaic  irritability  in  infantile  palsy,  259. 
Voltaism,  44. 
Voluntary  speech,  548. 
Vomiting,  559;   hysterical,  1328;   in  tu- 
mors, 886. 


WALLERIAN  degeneration,  60. 
Warnings  in  epilepsy,  1083. 
Wasting  palsy,  350. 
Weir-Mitchell  treatment,  1322,  1324. 
Westphal's  symptom,  294. 
White  commissure  of  cord,  135. 

softening,  815, 

substance  of  cord,  127. 
Willis,  circle  of,  495. 
Word  blindness,  543^552,  553. 

deafness,  543,  549. 
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Wrist-drop,  1260;  see  Lead,  Alcoholic  and 

Arsenical  poisoning. 
Writers'  cramp,  1059 ;  imaginary,  1072 ; 

simulation  of,  1072. 
Writing,   methods    of,    1062 ;    neuroses, 

1060. 
Wry-neck,  1015;  fixed,  1015,  1027. 


YAWNING,  physiology  of,  1040. 
Yellow  softening,  219,  815. 


ZONAL  stratum,  478. 
Zoster,  1 1 51. 
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plete Text-Book,  with  Colored 
Plates.    270  llliis.  -       -        4.50 


•So 
»■  75 
x.50 
500 
1.50 


Morton.  Refraction.  3d  Ed.  1.00 
Ophthalmic  Review. 

Monthly.        -    ,  /■       ,  3.00 
FEVERS}!;! 

Collie,  On  Fevers.  -       -  2  50 

Welch.    Enteric  Fever.  2.00 

HEADACHES. 

Day.    Their  Treatment,  etc.  - 1.25 

Wright.    Causes  and  Cure.  .50 

HEALTH- AND  DOMESTIC 
'MEDICINE. 

Bulkley.    The  Skin.       -  .50 

Burnett.     Hearing.         -  .50 

Cohen.    Throat  and  Voice.  .50 

Dulles.    Emergencies.   -  .75 

Harlan.    Eyesight.         -  .50 

Hartshorne.    Our  Homes.  .50 

Hufeland.    Long  Life.  •  1.00 

Lincoln.    Hygiene.        -  .50 

Osgood,    Winter.   -       -  .50 

Packard.    Sea  Alt,  etc.  .50 

Richardson's  Long  Life.  .50 

Tanner.    On  Poisons.     -  .75 

White.    Mouth  and  Teeth.  .50 

Wilson.    Summer.         -  .50 

Wilson's  Domestic  Hygiene.  1.00 

Wood      Brain  Work.     -  .50 

HEALTH  RESORTS. 

Madden.  Foreign.  -  3  50 
Packard.  Sea  Air  and  Bath'g.  .50 

Solly.    Colorado  Springs.  .25 

HEART. 

Balfour.    Diseases  of.     -  5.00 

Fothergill.     Diseases  of.  3.50 

Keating  &  Edwards.    -  1.50 

Sansom.    Diseases  of.    -  1.25 
HISTOLOGY. 

(Stir  Microscope  and  Pathology. 

HOSPITALS. 

Burdett.    Pay  Hospitals.  2.25 

Domville.    Hospital  Nursing.  .75 

HYGIENE. 

Bible  Hygiene.      -       -  1.00 

Frankland.     Water  Analysis.  X .00 

Fox.     Water,  Air,  Food.  4.00 

Lincoln.    School  Hygiene.  .50 

Parke's  Hygiene.  7th  Ed.  4.50 

Wilson's  Handbook  of.  -  '  2.75 

Domestic,    -       -  1.00 

KIDNEY  DISEASES. 

Beale.  Renal  and  Urin.  1.75 
Edwards.    How  to  Live  with 

Bright's  Disease.  -       •  .50 

GreenhoW.    Addison's  Dis.  3.00 

Ralfe.    Dis.  of  Kidney,  etc.  2,75 

Tyson.    Bright's  Disease.  3.50 

LIVER. 
Habershon.    Diseases  of.        1,50 
Harley.    Diseases  of.     -         3.00 

LUNGS  AND  CHEST. 

See  Phy.  Diagnosis  and  Throat. 

Williams.    Consumption.       5.00 

MARRIAGE. 
Ryan.    Philosophy  of.    -        1.00 

MATERIA  MEDICA. 
Biddle.    10th  Ed.    -       -        4.00, 
Charteris.    Manual  of.  -        — 
Gorgas.    Dental.    2d  Ed.       3.00 
Merrell's  Digest.  -         4.00 

Phillips.    Vegetable,  Organic 

and  Animal.    New  Ed.  7.50 

Pottef't  Compend  of.  4th  Ed.  1,00 
— —  Handbook  of.  •  3.00 
Roberta'  Compend  of.    -         2.00 


CLASSIFIED  LIST  OF  P.  BLAKISTON,  SON  &*  CO.'S  PUBLICATIONS. 


MEDICAL  JURISPRUDENCE. 
Abercrombie's  Handbook,  2.50 
Reese's  Text-boofcof.  3.00;  Sh.  3.50 
Woodman  and  Tidy's  Treat- 
ise, including  Toxicology.  7.50 
MICROSCOPE. 
Beale.     How  to  Work  with,     7.50 

In  Medicine.        -     *    7.50 

Carpenter.  -The  Microscope. 

Lee.     Vade  Mecum  of.    -  3.00 

MacDonald.     Examination  of 

Water  by.       -        -        -  2.75 

Martin.  Mounting.  -  2.75 
Wythe.    The  Microscopist.     3.00 

MISCELLANEOUS. 
Allen.    The  Soft  Palate.  .50 

Beale.    Life  Theories,  etc.        2.00 

Slight  Ailments.  t.25 

-  Bioplasm.     -        -  2.25 
'     Life  and  Vital  Action.  2.00 

Black.  Micro-Organisms.  1.50 
Davis.  Biology.  -  -  - — 
Edwards.     Malaria. 


- —    Vaccination. 

Gross.    Life  of  Hunter. 

Haddon.     Embryology. 


.50 

.50 

1.25 

6.00 


Hare.  Tobacco.'  "  Paper,  .50 
Henry.    Anaemia.  -        -  .75 

Hodge.  Foeticide.  -  Paper,  .30 
Holden.  The  Sphygmograph.  2.00 
Kane.  Opium  Habit.  -  z.25 
MacMunn.  The  Spectroscope  3.00 
Murrell.  Massage,  2d  Ed.  1.25 
Smythe.  Med '1  Heresies.  1.25 
Sutton.    Ligaments.        -  z.25 

Wickes.  Sepulture.         -  1.50 

NERVOUS  DISEASES,  Etc. 
Buzzard.     Ner.  Affections.      5.00 
Flower.   Atlas  of  Nerves.        3.50 
Gowers.    Manual  of.  In  1  vol.  6.50 

■* Dig.  of  Spinal  Cord.      

■  —    Diseases  of  Brain.         2.00 

-■    -    ■    Epilepsy.      -    .  — — 

Page.    Injuries  of  Spine.  3.50 

Radcliffe.  Epilepsy,  Pain,  etc.  1.25 
Wilks.     Nervous  Diseases.      6.00 

NURSING. 
Cullingworth.  ^Manual  of. 
Monthiy  .^Nursing. 


x.oo 
.50 
■75 

E.OO 
I. OO 
•50 


Domville'a  Manual. 
Hood.    Lectures  to  Nurses 
Liickes.   .Hospital  Sisters. 
Temperature  Charts.    - 
OBSTETRICS. 
Bar.    Antiseptic  Obstet.  1.75 

Barnes.  Obstetric  Operations.  3.75 
Cazeaux  and  Tarnier.     New 
*     J£d;.     Colored  Plates.     -        11.00 
Galabin's  Manual  of.       -  3-00 

Glisan's  Text-book.  2d  Ed.  4.00 
Landis.     Compend.         -  1.00 

Meadows.    Manual.  2.00 

Rigby.    Obstetric  Mem.  .50 

Schultze.  Diagrams.  -  25.00 
Tyler  Smith's  Treatise.  4-00 

Swayne's  Aphorisms      -  1.25 

OSTEOLOGY. 
Halden's  Textbook.       -         6.00 
PATHOLOGY  &  HISTOLOGY. 
Aitken.    The  Ptomaines,  etc.    z.00 
Bowlby.     Surgical  Path.  2.00 

Gibbes.    Practical.  -  1.75 

Gilliam.     Essentials  of.  -  2.00 

Pag«'s  Surgical  Path.  -  ;  7.00 
RinoHfeistehi    General.  2.00 

Sutton.    General  Path.  -  4-5° 

Virchow.     Post-mortems.         1.00 

Cell.  Pathology.  -         4-°° 

Wilkes  and  Moxon.    -         6.06 

PHARMACY. 
Beasley's  Druggists'  Rec'ts.    2.25 

. formulary.     -        -         2.25 

Fliickiger.  Cinchona  Barks.  1.50 
Kirby.  Pharm.  of  Remedies.  2.25 
Mackenzie.  Phar.  of  Throat.  1.25 
Merrell's  Digest.     -        -  4-°° 

Piesse .     Perfumery.        -  5-  5° 


Proctor.  Practical  Pharm.  4.50 
Roberts.    Compend  of.  2,00 

Stewart's  Compend.'  2d  Ed.  1.00 
Tuson.     Veterinary  Pharm.      2.50 

PHYSICAL  DIAGNOSIS. 
Bruen's  Handbook.    2d  Ed.    x  50 

PHYSIOLOGY. 
Beale's  Bioplasm.    -       -         2.25 
Brubaker's  Compend.     ltlus. 

4th  Ed.   -  ,     -        -        -  1  .on 

Kirkes'  nth  Ed.     (Author's 

Ed.)  Cloth,  4.00;  Sheep,  5.00 
Landois'  Text-book.  2d  Ed.  6.50 
Sanderson's  Laboratory  B'k.  5.00 
Sterling.  Practical  Phys.  z.25 
Tyson's  Cell  Doctrine.  -  2.00 
Yeo's   Manual.    3d  Ed.    CI.,  3.00; 

POISONS.  Sheep'  ^ 
Aitken.  The  Ptomaines, .etc.  x.oo 
Black.     Formation  of.     -  1  50 

Reese.    Toxicology.        -  4.00 

Tanner.     Memoranda  of.  .75 

PRACTICE. 
Beale.     Slight  Ailments.  1.25 

Charteris.  Handbook  of.  1.25 
Fagge's  Practice.  2  Vols,  10,00 
Fenwick's  Outlines  of.    -  1.25 

Hughes.  Compend  of;  2  Pts.  2.00 
Physician's  Ed.  Inset.  1  Vol.  2.50 
Roberts.    Text-bpok.     New 

Ed.  -  5'Qo 

Tanner's  Index  of  Diseases.  3.00 
Warner's  Case  Taking.  1.75 

PRESCRIPTION  BOOKS. 
Beasley's  3000  Prescriptions.   2.25 

Receipt  Book.  2.25 

Formulary.    -        -         2.25 

Pereira's  Pocket-book.  1.00 

Wythe's  Dose  and  Symptom 

Book.     17th  Ed.      Just  out.  1.00 

RECTUM  AND  ANUS. 

AlUngham.    Diseases  of.  x.25 

SKIN  AND  HAIR. 
Anderson's  Text-Book,  4.50 

Bulkley.    The  Skin.  •  .50 

Cobbold.     Parasites.       -  5-°° 

Van   Harlingen.      Diagnosis 

and  Treatment  of  Skin  Dfs.  1.75 
Wilson.     Skin  and  Hair.  1.00 

STIMULANTS  &  NARCOTICS. 
Hare,  Tobacco.  Paper,  .50 

Kane.    Opium  Habit,  etc.         x.25 

Kerr.     Inebriety.     -        -         

Lizars.     On  Tobacco.     -  .50 

Miller,     pn  Alcohol  .50 

Parrish.     Inebriety.        -  1.25 

SURGERY. 
Butlin.      Surg,  of   Malignant 
'    Diseases.        -  -  4-°° 

Heath's  Operative.  -        12.00 

Minor.    8th  Ed.      -  2.00 

Diseases  of  Jaws.  4.50 

Lectures  on  Jaws.  

Horwitz.  Compend.   3d  Ed.   1.00 

Jacobson.     Operative  Surg.     - 

Porter's    Surgeon's   Pocket- 
book.      -  a**5 

Pye.  Surgical  Handicraft.  5.00 
Roberts.    Surgical  Delusions.   ,50 

(A.  S.)  Clubfoot,  .so 

Smith.    Abdominal  Surg.       

Swain.  Surg.  Emergencies.  1.50 
Walsham.  Practical  Surg.  I300 
Watson's  Amputations.  5.5° 

TECHNOLOGICAL  BOOKS. 
See  also  Chemistry. 
Cameron.    Oils  &  Varnishes.  2.50 
Gardner.     Brewing,  etc.  1.75 

Gardner,    Acetic  Acid,  etc.     1.75 

Bleaching  &- Dyeing.     1.75 

Graves  and  Thorp*  Chemi- 
cal Technology.  Vol.  I. 
Fuels.    Mills.  -  -■ — 

Overman.     Mineralogy.  i.oo 

Piesse.    Perfumery,  etc.  5.50 

piggott.    On  Copper.     -  1.00 


THERAPEUTICS. 

Biddle.     1,0th  Ed.    - v  4-°° 

Cohen.     Inhalations.       -  1.25 
Field.  Cathartics  and!  Emetics.  1.75 

Headland.    Action  of  Med.  3x0 

Kirby.    Selected  Remedies.  2.25 

Kidd.     Laws  of.       -        -  1.25 

Mays.    Theran.  Forces.  1.25 

Ott.     Action  of  Medicines.  2.00 

Phillips.    Vegetable.      -  7. 50 

Potter's  Compend.  1.00 

,  Handbook  of.  3.00  ;  Sh.  3,50    ' 

Starr,  Walker  and  Powell. 

Phys.  Action  of  Meds.  -   -  .75 

Waring's  Practical.,       -  3.00 

THROAT  AND  NOSE. 
Cohen.    Throat  and  Voice.        .50 

Inhalations.  -  1.25 

Greenhow.    Bronchitis.       "    1.25 
James.     Sore  Throat       -  1.25 

Journal  of  Laryngology.        3.00 
Mackenzie,  'throat and  Nose; 
New    Ed.     Complete   in  one 

vol.     New  Illus.,  etc.       -        

- —    -    The  Oesophagus,  Naso- 
pharynx, etc.         -         3.00 
■'   !  Larynx.     -   -        -  1.25 

Pharmacopoeia.    -  1,25 

Potter.  Stammering,  etc.  1.00 
Woakes.  Post-Nasal  Catarrh,  x.50 

Nasal  Polypus,  etc,  1.25 

■   Deafness,  Giddiness,  etc. 

TRANSACTIONS  AND 
REPORTS. 
Penna.  Hospital  Reports.      1.25 
Power  and  Holmes'  Reports,   x.25 
Trans.'  College  of  Physicians.  3.50 
; —    Amer.  Surg.  Assoc.       4.00 

URINE  &  URINARY  ORGANS. 
Acton.     Repro.  Organs.  2.00 

Beale.    Urin.  &  Renal  Dis.      1.75 

Urin.  Deposits.    Plates.  2.00 

Holland.    The  Urine.     ^  ^.50  . 

Legg.     On  Urine.     -  .75 

Marshall  and  Smith.  Urine,  x.oo 
Ralfe.     Kidnear  and  Uri.  Org.  2.75 
Thompson,  urinary  Organs.  1.25 
'  Surg,  of  Urin.  Organs.   1.25 

; —  Calculous  Dis.       -  i.oj 

— ■— —  Lithotomy.    -        -  3  50 

- —  Prostate.     6th  Ed.  2.00 

Tyson.  Exam,  of  Urine.  1.50 
Van  Niiys.    Urine  Analysis.    2.00 

VENEREAL  DISEASES.   - 
Cooper.    Syphilis.  -       -         3.50 
Durkee.    Gonorrhoea.     -'  *      3,50 
Hill  and*  Cooper's  Manual,    r.oo 
Lewin.     Syphilis.  -        -    r     1.25 

VETERINARY  PRACTICE. 
Tuson's  Vet.  Pharmacopoeia-.  2.50 

.    VISITING  LISTS. 
Lindsay .  and     Blakiston's 

Regular.  Edition:  1.00  to  3.00 

-■  —  Perpetual  Edition.  1.25 

WATER. 

Fox.    Water,  Air,  Food.  4.00 

Frankland.    Analysis  of.  x.oo 

MacDonald.        "         "  2.75 

WOMEN,  DISEASES  OF. 
Byford'S  Text-book.  4th  Ed.   5.00 

Uterus.  -        -        -  1.25 

Dillnberger.  and  Children.  1.50 
Doran.  Gynaec.  Operations.  4  50 
Duncan.    Sterility.         -  2.00 

Galabin.  Diseases  of.  -'  3.00 
Hodge.    Note  Book  for 

Tumors.  ,     .50 

Morris.     Compend.  -  x.oo 

Savage.  Pelvic  Organs.  12.00 
Scanzon i.  Sexual  Organs  of.  4.00 
Tilt.    Change  of  Life.     -  1.25 

W inckel ,  by  Parvin.    Manual 

of.     Illus i.  ,      Clo.,  3.00 ;  Sh.  3.50 


PERIODICALS  PUBLISHED  BY  P.  BLAKISTON,  SON  &  CO. 

THE  POLYCLINIC.     Vol.  V. 

A  Monthly  Journal  of  Medicine  and  Surgery.  Doubled  in  Size  Without  Increase  of  Price. 

$1.00  PER  ANNUM.     SAMPLE  COPIES  FREE. 

EDITOR-IN-CHIEF,    HENRY    LEFFMANN,    M.  D. 

The  Polyclinic  for  1888  will  Contain 

More  original  and  clinical  articles  prepared  especially  for  it  by  prominent  writers  than  any  other 
Medical  Journal  of  its  size  and  price.  Arrangements  have  been  made  to  secure  reports  of  clinks 
by  well-known  lecturers  in  ¥lew  York,  Chicago  and  other  cities  as  well  as  in  Philadelphia.  A 
number  of  articles  on  practical  subjects  will  also  appear.  A  series  of  articles  by  Dr.  j:  Henry  p. 
Simes,  on  various  phases  of  Diseases' of  the  TJrinary  Organs,  will  be  worthy  special  attention. 
Prof.  Thos.  J.  Mays  will  contribute  a  number  of  articles  on  Therapeutical  Subjects. 

REGULAR  CONTRIBUTORS.— Chas.  H.  Burnett,  u.n.t{Otolegy)f  Arthur!  Van  Har- 
lingen,  M.b.  (S&in  Diseases),  John  B.  Roberts,  m.d.  {Surgery),  Thos.  J.  Mays,  m.d.  (TAerapev- 
tics),  J.  Henry  C.  Simes,  M.rj.  {Sitrgery%  Chas.  K.  Mills,  M.D.  {Nervous  Diseases),  and  others; 

Clinical  Lectures,  Papers  and  Original  Articles  appeafediby  the  following  gentlemen  during 
1887:—' 


Goodell  (Prof.  Wm.),  Univ.  of-Eenna.. . 

Meigs  (Dr.  A.V.),  Phys.  to  Penna.  and  Child.  Hosp. 

Osier  (Prof.  Wm.),  Univ.  of  Penna.    ,  •  .      >-.  ' 

WiUard  (Dr.  DeForest).     . 

Mittendorf  (Dr.AV.  M.),  Surg, to  N.  Y.  Eye  and  Ear 

Infirmary. 
Sinkler  (Dr.  Wharton),  Phys.  to  Orth,  Hosp. 
Brovvne  (Lennox,  .F.R.c  s.),  London. 
Brubaker  (Dri  A.  P.),  Dem.  of  Physiology  Jefferson 

Med.  Coll.    * 
Steele  (D.  A.  K!,  m.d.),  Prof.  Orth.  Surg.  Coll.  Phys. 

arid  Surg.,  Chicago. 
McMurtrie  (Dr.  L.  S.),  Danville,  Ky. 
.Tyso,n-(Dr.  Jas.),  Prof.  Pathology,  Univ.  of  Penna. 
Hartshorne  (Dr.  Henry). 
DaCosta  (Dr.  John  C),  Gynaecologist  to  Jeff.  Med. 

ColUHosp. 
'  Henry  (Dr.  F.  P.),  Phys.  to  Episcopal  Hospital,  Phila. 


Bantock  (Geo.  Granville,  f.r.c.s.),  London. 
Pepper  (Wm.,  m.d:  ),  Prof.  Pract.  of  Med.  IJniv.  of  Pa. 
Carter  (Dr.  Landon  Gray),  Prof,  of  Men.  and  Nerv. 

Dis.,  N.  Y.  Polyclinic. 
Robison  (Dr.  John  A.).  Rush  Med.  Coll.,  Chicago. 
Pavy  (F.  W.,  f.r.s.),  London. 

Price  (Dr.  Joseph),  Phys.  to  Preston  Retreat,  Phila'. 
Longstreth   (Dr. 'Morris),   Pathologist  to  Jefferson 

Med.  Coll. 
White  (Wm.'Hale,  m.d.),  Guy's  Hospital,  London. 
Ashhurst  (John,  Jr.),  Prot  Clin.  Surg.,  Univ.  of  Pa. 
Packard  (Dr.  John  HJ,  Surg,  to  Penna.  Hospital. 
Parvin  (Theophilus),  Prof.  Obst.  and  Dis.  of  Women, 

Jefferson  Med.  Coll,     ■ 
Wyeth  (John  A.),  Prof,  of  Surg.,  N.  Y.  Polyclinic* 
Reese   (Dr.  John  J»),  Prof,  of  Med.  Jurisprudence, 

Univ.  of  Pa. 
Spender  (John  Kent,  m.d.),  Bath,  England. 


A  SPECIAL    OFFER.  To  each  new  subscriber,  who  remits  one  dollar,  m 
fi  advance,  we  will  send  The  Polyclinic  for  one 

year  and  a  copV  of  the  following  book  :  Urinary  and  Renal  Derangements 
and  Calculous  Disorders,  with  Hints  on  Diagnosis  and  Treatment.  By 
Lionel  S.  Beale,  m.d.,  f.r.s.,  f.r.c.p.,  Professor  of  , the  Principles  and  Practice  of 
Medicine  in  King's  College,  London;.  Physician  to  King's  College,Hpspital.  ,  i2rno. 
356  pages.     1885.     Bound  in  strong  paper  covers. 

The  Journal  of  Laryngology1  and  Rhinology. 

An  Analytical  Record  of  Current  Literature  Relating  to  the  Throat  and  Nose.    Edited  by  MORELL 
MACKENZIE,  M.D.,  Lond.,  and  R.  NORRIS  WOLFENDEN,  M.D.,  Cantab. 

"With  the  Co-operation  of  Dr.  Fauvel  (Paris),  Dr.  Joal  (Paris),  Prof.  Massei 
(Naples),  Prof,  Guye  (Amsterdam),  Dr.  Capart  (Brussels),  Dr.  Hunter  Mackenzie 
(Edinburgh),  Dr.^MiCHAEL  (Hamburg),  Dr.  Ramon  de  laSota  y  Lastra  (Seville), 
Dr.  John  N.  Mackenzie  (Baltimore),  Dr.  HolgeR'  Mygind  (Copenhagen),  Dr. 
Smyly  (Dublin),  and  Dr.  Greville  Macdonald  (London). 

PUBLISHED    MONTHLY.     PER  ANNUM,  $3.00.  SAMPLE  NUMBERS,  25c. 

THE    OPHTHALMIC    REVIEW^ 

A  Monthly  Record  of  Ophthalmic  Science,. 

Edited  by  JAMES  ANDERSON,  M.D.,  London;  KARL  GROSSMANN,  Liverpool;  PRIESTLEY 
SMITH,  Birmingham,  and  JOHN  B.  STORY,  M.D.,  Dublin. 

MONTHLY.     SUBSCRIPTION  PER  ANNUM,  $3.00, 

The  Ophthalmic  Review  is  the  only  Journal  rjevoted  tp  thjs  .special  branch  of 
medicine  that  is  published  in  .Great  Britain,  and  therefore  represents  the  advances 
made  in  that  country  as  no  other  periodical  can.     Sample  numbers,  25  cents. 


P.  BJLAKISTON,  SON  8t  CO.'S 
Medical  and  Scientific  Publications, 

No.  1012  Walnut  St.,  Philadelphia. 


ABERCROMBIE.  Medical  Jurisprudence,  for  Me'dipal  and  Legal  Students  and 
Practitioners. ,  By  John  Abercrombie,  m.'q:    387  pages.  Cloth,  $2.50 

ACTON.  The  Functions  and  Disorders  of  the  Reproductive  Organs  in  Child- 
hood, Youth,  Adult  Age  and  Advanced  Life,  considered  in  their  Physiological, 
Social  and  Moral  Relations.  '  By  William  Acton,  m.d.,  m.r.c.s.  Sixth  Edition. 
8vo.  .  ■  Cloth,  $2.00 

AITKEN.    Animal  Alkaloids,  the  Ptomaines,  Leucomaines  and  Extractives  in 

their  Pathological  Relations.     A  short  summary  of  recent  researches  as  to  the 

.'•'    origin  of  some  diseases  ^By' or  through   the  physiological  processes  going  on 

during .  life.     By  William  Aitken^  m.d.,  f.r.s..  Professor  of  Pathology  in  the 

Army  Medical  School,  Netley,  England.  Cloth,  $1.00 

ALLEN.    Commercial  Organic  Analysis.    A  Treatise  on  the  Modes  of  Assaying 
the  Various  Organic  Chemicals  and  Products  employed  in  the  Arts,  Manufactures, 
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ber Gynaecological  Society  of  Boston,  etc.     i2mo.     288  pp.  Cloth,  #1.75 
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EDWARDS.     Blight's    Disease.     How  a  Person  Affected  with  Bright's  Disease 

Ought  to  Live.    By  Jos.  F.  Edwards,  <m.d.     2d  Ed.    Reduced  to     1  Cloth,  .50 

Malaria:    What  It  Means;   How  to  Escape  It;  Its:  Symptoms ;  When  and 

Where  to  Look  For  It.    Price  Reduced  to  Cloth,  .50 

Vaccination  and  Smallpox.     Showing  the  Reasons  in  favor  of  Vaccination, 

and  the  Fallacy  of  the  Arguments  advanced  against  it,  with  Hints  on  the 

Management  and  Care  of  Smallpox  patients.  Cloth,  .50 

FAGGE.  The  Principles  and  Practice  of  Medicine.  By  C.  Hilton  Fagge,  m.d., 
f.r.c.p.,  f  r.m.c.S.,  Examiner  in  Medicine,  University  of  London  ;  Physician  to, 
and  Lecturer  on  Pathology  in,  Guy's  Hospital ;  Senior  Physician  to  Evelina  Hos- 
pital for  Sick  Children,  etc.  Arranged  for  the  press  by  Philip  H.  Pye-Smith, 
m.d.,  Lect.  on  Medicine  in  Guy's  Hospital.  Including  a  section  on  Cutaneous 
Affections,  by  the  Editor;  Chapter  on  Cardiac  Diseases,  by  Samuel  Wilkes,  m.d., 
f.r.s.,  and  Complete  Indexes  by  Robert  Edmund  Carrington.  2  vols.  Royal 
8vo.  Cloth,  $10.00;    Leather,  $12.00;    Half  Russia,  $14.00. 

"  Certainly  these  two  volumes  make  a  complete  work  on  practice,  whether  as  a  hook  of  reference  or  even  as 
a  text-book.  It  is  in  style  worthy  of  a  second  placeonly  to  the.classical  work  of  Sir  Thomas  Watson." — New 
York  Medical  Journal. 

"  The  finest  of  all  treatises  on  the  healing  art.  It  should  be  in  every  physician's  library." — --Cincinnati 
Lancet  and  Clinic.  * 

Sold  only  by  subscription.    Full  information  upon  application  to  the  Publishers. 
Can  be  ordered  through  Booksellers. 

FENWICK'S  Outlines  of  Practice  of  Medicine.  With  Formulae  and  Illustra- 
tions.   By  Samuel  Fenwick,  m.d.      i2mo.  Cloth,  $1.25 

FLAGG'S  Plastics  and  Plastic  Filling;  As  Pertaining  to  the  Filling  of  all  Cavities 
of  Decay  in  Teeth  below  Medium  in  Structure,  and  to  Difficult  and  Inaccessible 
'  Cavities  in  Teeth  of  all  Grades  of  Structure.  By  J.  Foster  Flagg,  d.d.s.,  Pro- 
fessor in  the  Philadelphia  Dental  College.     8vo.     Second  Ed.  Cloth,  $4.00 

FLOWER'S  Diagrams  of  the  Nerves  of  the  Human  Body.  Exhibiting  their 
Origin,  Divisions  and  Connections,  with  their  Distribution  to  the  various  Regions 
of  the  Cutaneous  Surface,  and  to  all  the  Muscles.  By  William  H.  Flower, 
f.r.cs.,  f.r.s.,  Hunterian  Professor  of  Comparative  Anatomy,  and  Conservator 
of  me  Museum  of  the  Royal  College  of  Surgeons.  Third  Edition,  thoroughly 
revised.    With  six  Large  Folio  Maps  or  Diagrams.     4to.  Cloth,  $3.50 

FLUCKIGER.  The  Cinchona  Barks  Pharmacognostically  Considered,  By 
Professor  Friedrich  FlOckiger,  of  Strasburg.  Translated  by  Frederick  B. 
Power,  ph.d.,  Professor  of  Materia  Medica  and  Pharmacy,  University  of  Wis- 
consin.   With  8  Lithographic  Plates.  ,  Royal  octavo.  Cloth,.  $1.50 

FOTHERGILL.  On  the  Heart  and  Its  Diseases.  With  Their  Treatment.  In- 
cluding the  Gouty  Heart.  By  J.  Milner  Fothergill,  m.d.,  Member  of  the 
Royal  College  of  Physicians  of  London:     2d  Ed.    Rewritten.     8vo.   Cloth,  $3.50 

FOX.  Water,  Air  and  Food.  Sanitary  Examinations  of  Water,  Air  and  Food. 
By  Cornelius  B.  Fox,  m.d.    i  10  Engravings.    2d  Ed.,  Revised.       Cloth,  $4.00 

FOX  AND  GOTJLD.  Compend  on  Diseases  of  the  Eye  and  Refraction, 
including  Treatment  and  Surgery.  By  L.  Webster  Fox,  m.d.,  Chief  Clinical 
Assistant,  Ophthalmological  Department,  Jefferson  Medical  College  Hospital; 
Ophthalmic  Surgeon,  Germantown  Hospital,  Philadelphia ;  late  Clinical  Assistant 
at  Moorfields,  London,  England,  etc.,  and  Geo.  M.  Gould,  a.b.  60  Illustrations. 
Being  No.  8,?  Quiz- Compend  .?  Series.  ,  Cloth,  $1.00 

Interleaved  for  the  addition  of  notes,  $1.25 

FRANXLAFD'S  Water  Analysis.  For  Sanitary  Purposes,  with  Hints  for  the  In- 
terpretation of  Results.    By  E.  Frankland,  m.d.,  f.r.s.    Illustrated.    i2mo. 

O.AT  imiris  tr-3      •*  Cloth,  $1. OO 

UALABIS  S  Midwifery.  A  Manual  for  Students  and  Practitioners.  By  A.  Lewis 
Galabin,  m.d  f.r.c.p.,  Obstetric  Physician  to  Guy's  Hospital,  London,  and 
Professor  of  Midwifery  in  the  same  institution.     227  Illustrations. 

Cloth,  $3.00;.  Leather,  $3.50 

GLISAN'S,  Modern.  Midwifery.  A  Text-book.  By  Rodney  Glisan,  m.d.,  Emeritus 
Professor  of  Midwifery  and  Diseases  of  Women  and  Children  in  Willamette 
Univ.,  Portland,  Oregon.     12c)  lllus.     8vo.     2d  Edition.  Cloth,  $3<oo 
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GARDNER'S  TECHNOLOGICAL  SERIES.   The  Brewer,  Distiller  and  Wine 

Manufacturer.     A  Handbook  for  all  Interested  in  the  Manufacture  and  Trade 
of  Alcohol  and  Its  Compounds.    Edited  by  John  Gardner,  f.cs.    Illustrated. 

Cloth,  $1.75 

Bleaching,  Dyeing,  and  Calico  Printing.  With  Formulae.  Illustrated.      $1.75 

Acetic  Acid,  VinegSr,  Ammonia  and  Alum.    Illustrated.    ,  Cloth,  $1.75 

Oils  and  Varnishes.    Edited  by  Jam.es  Cameron,  f.i.c.    Illustrated.     $2.50 

GTBBES'S  Practical  Histology  and  Pathology.  By  Heneage  Gibbes,  m^b:  nmo. 
Third  Edition.  ;         '  Cloth,  $1.75 

GILLIAM'S  Pathology,,  The  Essentials  .of  Pathology  ;  a  Handbook  for  Students. 
By  D.  Top  Gilliam,  M.p.,  Professor  of  Physiology,  Starling  Medical  College, 
Columbus,  O.    With  47'  Illustrations.  ,  ispno.    *  ,       Cloth,  $2.00 

GOODHART  and  STARR'S  Diseases  of  Children.  The  Student'.s  Guide  to  the 
Diseases  of  Children.  By  J,  F.  Qoodhart,  m.d.,  f.r.c.p.,  Physician  to  Evelina 
Hospital  for  Children,  Demonstrator  of  Morbid  Anatomy  at  Guy's  Hospital. 
Edifed.with  notes  and  additions,  by  Louis  StArr,  m.d.1  Clinical;  Professor  of  Dis- 
eases of  Children  in  the  University  of  Pennsylvania.    Cloth,  $3.00;  Leather,  $3.50 

GORGAS'S  Dental  Medicine.  A  Manual  of  Materia  Medica  and  Therapeutics. 
By  Ferdinand  J.  S.  Gorgas,  m.d.,;  d.d.s.,  Professor  of  the  Principles  of  Dental 
Science,  Dental  Surgery  and  Dental  Mechanism  in  the  Dental  Department  of 
the  University  of.  Maryland..    Second  Edition.     Enlarged.     8vo.        Cloth,  $3.25 

GOWERS,  Manual  of  Diseases  Of  the  Nervous  System.  A  Complete  Text-book. 
By  William  R.  Gowers,  m;.d.,  Prof.  Clinical  Medicine,  University  College, 
London.  Physician  to  National  Hospital  for  the  Paralyzed  and  Epileptic.  Com- 
prising over  400  Illustrations  and  1360  pages.     Octavo.     ' 

Cloth;  $6.50;  Leather,  $7.50 
This  work  is  being  published  in  two  volumes  in  London.     By  special  arrange- 
ments with  the  author,  we  are  repriritmg  it  in  one,  using  the '  original' illustrations. 
Dr.  Gowers  has  taken  advantage  of  this  printing  to  correct  a  number  of  errors  in 
the  first  volume  and  to  add  some  new  matter.    ' 

Spinal  Cord.  Diagnosis  of  Diseases  of  the  Spinal  Cord.  With  Colored  Plates 
and  Engravings.     Fourth  Edition.  :  Enlarged.  In  Press. 

Ophthalmoscopy.  A  Manual  and  Atlas  of  Ophthalmoscopy.  With  16 
Colored  Autotype  arid  Lithographic  Plates  and  26  Wood  Cuts,  comprising 
112  Original  Illustrations  of  the  Changes  in  the  Eye  in  Diseases  of  the 
Brain,  Kidneys,  etc.     8vo.  ;  Cloth,  $6.00 

Diagnosis  of  Diseases  of  the  Brain.    8vo.    Second  Edition.    Illustrated.    . 

,"..•'  Cloth,  #2.00 

Epilepsy  and  other  Chronic?  Convulsive  Diseases:  Their  Causes,  Symptoms, 

and  Treatment. .   New  Edition.     8vo.  In  Press, 

GROSS'S  Biography  of  John  Hunter.  John  Hunter  and  His  Pupils.  By  S.  D 
Gross,  m.d.,  Professor  of  Surgery  in  Jefferson  Medical  College, :  Philadelphia. 
With  a  Portrait.    8vo.  .,     '  Paper,  .75;  Cloth,  $1. 25 

GREENHOW.  Chronic  Bronchitis,  especially  as  connected,  .vith  Gout,  Emphy- 
sema, and  Diseases  of  the  Heart. '  By  E.  Headlam  Greenhow,  m.d.     i2mo. 

Paper,  .75;  Cloth,  $1.25 

GROVES  AND  THORP.  Chemical  Technology.  A  new  and  Complete  Work. 
The  Application1  ■  of  Chemistry  to'  the  Arts  and  Manufactures.  Edited  by 
Charles  E.  Groves,  f.r.s.,  and  Wm.' Thorp,  b.sc,  f.i.c.  In  about  eight  vol- 
umes, with  numerous  illustrations..:,;  Eachvolume  sold  separately.  '■'■ 

Vol.  I.     Fuel.     By  Dr.  E.  J.  Mills,  f.r.s.,  Professor  of  Chemistry  Anderson 
College,  Glasgow ;  and  Mr.  F.  J.  Rowan,  assisted  by  an  American  expert. 

.  n  Nearly  Ready. 


12  P.  BLAKISTON,  SON  &*  CO.'S 

GREENHOW.    Addison's  Disease.    Illustrated  by  Plates  and  Reports  of  Cases. 

By  E.  Headlam  Greenhow,  m.d.    8vo.  Cloth,  $3.00 

HAP.ERSHON.    On  Some  Diseases  of  the  Liver.    By  S.  O.  Habershon,  m.d., 

f.r.c.p.,  late  Senior  Physician  to  Guy's  Hospital.  A  New  Edition.  Cloth,  #1.50 
HADDON'S  Embryology.      An  Introduction  to  the  Study  of  Embryology.    For 

the  Use  of  Students.    By  A.  C.  Haddon,  m.a.,  Prof,  of  Zoology,  Royal  College 

of  Science,  Dublin.     190  Illustrations.  Cloth,  6.00 

HALE.    On  the  Management,  of  Children  in  Health  and  Disease.    A  Book  for 

Mothers.  By  Amie  M.  Hale,  m.d.  New  Enlarged  Edition.  i2mo.  Cloth,  .75 
HARE.  Tobacco,  Its  Physiological  and  Pathological  Effects.  Paper  Covers,  .50 
HARLAN.    Eyesight,  and  How  to  Care  for  It.    By  George  C.  Harlan,  m.d., 

Prof,  of  Diseases  of  the  Eye,  Philadelphia  Polyclinic.     Illustrated.        Cloth,  .50 

HARLEY.  Diseases  of  the  Liver,  With  or  Without  Jaundice.  Diagnosis  and 
Treatment.  By  George  Harley,  m.d.  With  Colored  Plates  and  Numerous 
Illustrations.    8vo.  Price  reduced.    Cloth,  $3.00  ;  Leather,  54.00 

HARRIS'S  Principles  and  Practice  of  Dentistry.  Including  Anatomy,  Physi- 
ology, Pathology,  Therapeutics,  Dental  Surgery  and  Mechanism.  By  Chapin  A. 
Harris,  m.d.,  d.d.s.,  late  President  of  the  Baltimore  Dental  College,  author  of 
"Dictionary  of  Medical  Terminology  and  Dental  Surgery."  Eleventh  Edition. 
Revised  and  Edited  by  Ferdinand  J,  S.  Gorgas,  a.m.,  m.d.,  d.d.s.,  author  of 
"  Dental  Medicine ;"  Professor  of  the  Principles  of  Dental  Science,  Dental 
Surgery  and  Dental  Mechanism  in  the  University  of  Maryland.  Two  Full-page 
Plates  and  744  Illustrations.    994  pages.    8vo.  Cloth,  #6.50;  Leather,  $j. 50 

Medical  and  Dental  Dictionary.    A  Dictionary  of  Medical  Terminology, 
Dental  Surgery,  and  the   Collateral   Sciences.     Fourth   Edition,  carefully 
Revised  and  Enlarged.    By  Ferdinand  J.  S.  Gorgas,  m.d.,  d.d.s.,  Prof,  of 
Dental  Surgery  in  the  Baltimore  College.    8vo.    Cloth,  $6.50  ;  Leather,  $7.50 
HARTRIDGE.    Refraction.    The  Refraction  of  the  Eye.    A  Manual  for  Students. 
By  Gustavus  Haktridge,  f.r.c.S.,  Consulting  Ophthalmic  Surgeon  to  St.  Bar- 
tholomew's Hospital ;  Ass't  Surgeon  to  the  Royal  Westminster  Ophthalmic  Hos- 
pital, etc.    96  Illustrations  and  Test  Types.     Third  Edition.  Cloth,  $2.00 

HARTSHORNE.  Our  Homes.  Their  Situation,  Construction,  Drainage,  etc.  By 
Henry  Hartshorne,  m.d.    Illustrated.  Cloth,  .50 

HEADLAND'S  Action  of  Medicines.    On  the  Action  of  Medicines  in  the  System. 
By  F.  W.  Headland,  m.d.    Ninth  American  Edition.    8vo.  Cloth,  $3.00 

HEATH'S  Operative  Surgery.  A  Course  of  Operative  Surgery,  consisting  of  a 
Series  of  Plates,  Drawn  from  Nature  by  M.  Leveill6,  of  Paris.  With  Descriptive 
Text  of  Each  Operation.  By  Christopher  Heath,  f.r.c.S.,  Holme  Professor 
of  Clinical  Surgery  in  University  College,  London.  Quarto.  Second  Edition. 
Revised.     Sold  by  Subscription.  Cloth,  $12.00 

Minor  Surgery  and  Bandaging.  Eighth  Edition.  Revised  and  Enlarged. 
With  142  Illustrations.     i2mo.  Cloth,  JS2.00 

Practical  Anatomy.  A  Manual  of  Dissections.  Sixth  London  Edition.  24 
Colored  Plates,  and.nearly  300  other  illustrations.  Cloth,  $5.00 

Injuries  and  Diseases  of  the  Jaws.  Third  Edition.  Revised,  with  over 
150  Illustrations.    8vo.  Cloth,  $4.50 

Lectures  on  Certain  Diseases  of  the  Jaws,  delivered  at  the  Royal  College  of 

Surgeons  of  England,  1887.    64  Illustrations.    8vo.  Boards,  $1.00 

HENRY.    Anaemia.    A  Practical  Treatise.    By  Fred'k  P.  Henry,  m.d.,  Prof. 

Clinical  Med.  Phila.  Polyclinic,  Physician  to  Episcopal  and  Phila.  Hospitals,  to 

Home  for  Consumptives,  etc.     i2mo.  Half  Cloth,  .75 

HIGGINS'  Ophthalmic  Practice.    A  Manual  for  Students  and  Practitioners.    By 

Charles  Higgins,  f.r.c.S.    Ophthalmic  Surgeon  at  Guy's  Hospital.    Practical 
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Ophthalmic  Practice.    A  Handbook.    Second  Edition.    32010.      Cloth,  .50 
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HILLIEB,.    Diseases  of  Children.    A  Clinical  Treatise.    By  Thomas  Hillier, 

m.d.    8vo.  Cloth,  $1.25 

HILL  AND  COOPER.    Venereal  Diseases.    The  Student's  Manual  of  Venereal 

Diseases,  being  a  concise  description  of  those  Affections  and  their  Treatment. 

By  Berkeley  Hill,  m.d.,  Professor  of  Clinical  Surgery,  University  College,  and 

Arthur  Cooper,  m.d.,  Late  House  Surgeon  to  the  Lock  Hospital,  London. 

4th  Edition.     12010.  Cloth,  #1.00 

HODGE'S  Note-book  for  Cases  of  Ovarian  Tumors.  Paper,  .50 

HODGE  on  Foeticide,  or  Criminal  Abortion.    By  Hugh  L.  Hodge,  m.d.    Paper,  .30 

HOLDEN'S  Anatomy.  A  Manual  of  the  Dissections  of  the  Human  Body.  By 
Luther  Holden,  f.r.c.s.  Fifth  Edition.  Carefully  Revised  and  Enlarged. 
Specially  concerning  the  Anatomy  of  the  Nervous  System,  Organs  of  Special 
Sense,  etc.  By  John  Langton,  f.r.c.s.,  Surgeon  to,  and  Lecturer  on  Anatomy 
at,  St.  Bartholomew's  Hospital.     208  Illustrations.     8vo. 

Oilcloth  Covers,  for  the  Dissecting  Room,  $4.50 ;  Cloth,  $5.00 ;  Leather,  $6.00 
Human  Osteology.  Comprising  a  Description  of.  the  Bones,  with  Colored 
Delineations  of  the  Attachments  of  the  Muscles.  The  General  and  Micro- 
scopical Structure  of  Bone  and  its  Development.  Carefully  Revised.  By 
the  Author  and  Prof.  Stewart,  of  the  Royal  College  of  Surgeons'  Museum. 
With  Lithographic  Plates  and  Numerous  Illustrations.   7th  Ed.    Cloth,  $6.00 

HOLDEN.  The  Sphygmograph.  Its  Physiological  and  Pathological  Indications. 
By  Edgar  Holden,  m.d.    Illustrated.    8vo.  «  Cloth,  $2.00 

HOLLAND.  The  Urine.  Memoranda,  Chemical  and  Microscopical,  for  Laboratory 
Use.  By  J.  W.  Holland,  m.d.,  Professor  of  Medical  Chemistry  and  Toxicology 
in  Jefferson  Medical  College,  of  Philadelphia.     Illustrated.  Cloth,  .50 

HOOD.  Lectures  to  Nurses  on  the  Symptoms  of  Disease.  By  Donald  Hood, 
m.d.,  m.r.c.p.,  Physician  to  the  West  London  Hospital,  etc.    i2mo.    Cloth,  $1.00 

HORWITZ'S  Compend  of  Surgery,  including  Minor  Surgery,  Amputations,  Frac- 
tures, Dislocations,  Surgical  Diseases,  and  the  Latest  Antiseptic  Rules,  etc.,  with 
Differential  Diagnosis  and  Treatment.  By  Orville  Horwitz,  b.s.,  m.d.,  Dem- 
onstrator of  Anatomy,  Jefferson  Medical  College ;  Chief,  Out-Patient  Surgical 
Department,  Jefferson  Medical  College  Hospital.  Third  Edition.  Very  much 
Enlarged  and  Rearranged.  91  Illustrations  and  77  Formulae.  i2mo.  No.  9  fQuiz- 
Compend?  Series.  Cloth,  $1.00.     Interleaved  for  the  addition  of  notes,  $1.25 

HUFELAND.  Long  Life.  Art  of  Prolonging  Life.  By  C.  W.  Hufeland. 
Edited  by  Erasmus  Wilson,  m.d.     i2mo.  Cloth,  $1.00 

HUGHES.  Compend  of  the  Practice  of  Medicine.  Third  Edition.  Revised  and 
Enlarged.  By  Daniel  E.  Hughes,  m.d.,  Demonstrator  of  Clinical  Medicine  at 
Jefferson  Medical  College,  Philadelphia.  In  two  parts.  Being  Nos.  2  and  j, 
t  Quiz- Compend  t  Series. 

Part  I. — Continued,  Eruptive  and  Periodical  Fevers,  Diseases  of  the  Stomach, 
Intestines,  Peritoneum,  Biliary  Passages,  Liver,  Kidneys,  etc.,  and  General 
Diseases,  etc. 

Part  II. — Diseases  of  the  Respiratory  System,  Circulatory  System  and  Ner- 
vous System  ;  Diseases  of  the  Blood,  etc. 

Price  of  each  Part,  in  Cloth,  JS1.00 ;  interleaved  for  the  addition  of  Notes,  $1.25 
Physicians'  Edition. — In  one  volume,  including  the  above  two  parts,  a  sec- 
tion on  Skin  Diseases,  and  an  index.     Revised  Edition.    408  pages. 

Full  Morocco,  Gilt  Edge,  $2.50 

JACOBSON.     Operations  of  Surgery.     By  W.  H.  A.  Jacobson,  b.a.  oxon., 

F.R.C.S.,  Eng. ;  Ass't  Surgeon,  Guy's  Hospital;    Surgeon  at  Royal  Hospital  for 

Children  and  Women,  etc,     With  over  200  Illustrations.  In  Press. 

JAMES  on  Sore  Throat.  Its  Nature,  Varieties  and  Treatment,  including  its  Con- 
nection with  other  Diseases.  By  Prosser  James,  m.d.  Fourth  Edition,  Re- 
vised and  Enlarged.     Colored  Plates  and  Wood-cuts.      Paper  .75  ;  Cloth,  $1.25 
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JONES'  Aural  Surgery*  A  Practical  Handbook  on  Aural  Surgery.  By  H. 
•Macnaughton  Jones,  m.d.,  Surgeon  to  the  Cork  Ophthalmic  and  Aural  Hospital. 
Illustrated.    Second  Edition,  with  new  Wood  Engravings. ;  i2mo.      .Cloth,  $2.75 

JOURNAL  of  laryngology  and  Rhinology.  A  Monthly  Analytical  Record, 
devoted  to  Diseases  of  the  Throat  and  Nose.  Edited  by  Morell  Mackenzie, 
m.d.     Sample  Nos.,  25  cents.  Subscription  per  annum,  #3.00 

KANE'S  Drugs  that  Enslave.  The  Opium,  Morphine,  Chloral,  and  Similar 
Habits.     By  H.  H.  Kane,  m.d.     With  Illustrations.  '      Cloth,  $1.25 

KEATING  &  EDWARDS.  Diseases  of  the  Heart  in  Children.  The  Diseases  of 
the  Heart  and  Circulation  in  Infancy  and  Adolescen.ee.  By  John  M.  Keating, 
m.d. ,  Obstetrician  to  the  Philadelphia  Hospital,  etc.,  and  Wm.  A.  Edwards, 
Instructor  in  Clinical  Medicine,  Univ.  of  Penna.,  Physician  to  St.  Joseph's-  Hos- 
pital, etc.    Illustrated  by  Photographs  and  Wood  Engravings.    8vo.    Cloth,  $1.50 

KERR.  Inebriety.  Its  Etiology,  Pathology,  Treatment,  etc.,  in  its  various  forms. 
By  N.  S.  Kerr,  m.d.,  Mem.  of  the  Council  of  Univ.  of  Glasgow.  In  Press. 

KIDD'S  laws  of  Therapeutics ;  or,  the  Science  and  Art  of  Medicine.  By  Joseph 
Kidd,  m.d.     i2mo.  Paper,  .75;  Cloth,  $1.25 

KIRBY.  Selected  Remedies.  A  Pharmacopoeia  of  Selected  Remedies,  with 
Therapeutic  Annotations,  Notes  on  Alimentation  in  Disease,  Air,  Massage, 
Electricity  and  other  Supplementary  Remedial  Agents,  and  a  Clinical  Index; 
arranged  as  a  Handbook  for  Prescribers.  By  E.  A.  Kirby,  m.d.  Sixth  Edition, 
Enlarged  and  Revised.    4to.  Cloth,  #2.25 

KIRKE'S  Physiology.  A  Handbook  of  Physiology.  By  Kirke.  Eleventh  Lon- 
don Edition,  Revised  and  Enlarged.  By  W.  Morrant  Baker,  m.d.  460  Il- 
lustrations. ,  Cloth,  JS4.00 ;  Leather,  #5.00 

LANDIS'  Compend  of  Obstetrics  ;  especially  adapted  to  the  Use  of  Students  and 
Physicians,,  By  Henry  G.  Landis,  m.d,,  Professor  of  Obstetrics  and  Diseases 
of  Women,  in  Starling  'Medical  College,  Columbus,  Ohio.  Third  Edition. 
Revised.     With  New  Illustrations.     No.  j  f 'Quiz-  Compend  t  Series.' 

Cloth,  $1.00;  interleaved  for  the  addition  of  Notes,  $1.25 

1AND0IS.  A  Text-Book  of  Human  Physiology  ;  including  Histology  and  Micro- 
scopical Anatomy,  with  special  reference  to  the  requirements  of  Practical  Medi- 
cine. By  Dr.  L.  Landois,  Professor  of  Physiology  and  Director  of  the  Physio- 
logical Institute  in  the  University  of  Greifswald.  '  Second  American,  translated 
from  the  Fifth  German  Edition,  with  additions,  by  Wm.  Stirling,  m.d.,  b.sc, 
Professor. of  the  Institutes '  of  Medicine  in  the  University  of  Aberdeen.  With 
583  Illustrations.     8vo.     1  Volume.  Cloth,  $6. 50;  Leather,  $7. 50 

lEBERANDROTTENSTEIN.  Dental  Caries  and  Its  Causes.  An  Investigation 
into  the  Influence  of  Fungi  in  the  Destruction  of  the  Teeth.  By  Drs.  Leber 
and  Rottenstein.     Illustrated.  Paper,  .75  ;  Cloth,  $1.25 

LEE.  The  Microtomist's  Vade  Mecum.  By  Arthur  Bolles  Lee.  A  Handbook 
ot  the  Me'thods  of  Microscopical  Anatomy.    660  Formula:,  etc.  .Cloth,  $3.00 

lEFFMANN'S  Organic  and  Medical  Chemistry.  Including  Urine  Analysis  and 
the  Analysis  of  Water  and  Food.  By  Henry  Leffmann,  m.d.,  Demonstrator 
of  Chemistry  at  Jefferson  Medical  College,  Philadelphia.  No.  1.0  ?Quiz-  Compend  t 
Series.     i2mo.  Cloth,  $1.00.     Interleaved  fqr  the  addition  of  Notes,'  $1.25 

LEGG  on  the  Urine.  Practical  Guide  to  the  Examination  of  the.  Urine,  'for 
.  rac  itioner  and  Student.  By  J.  Wickham  Legg,  m.d.  Sixth  Edition,  Enlarged. 
Illustrated.     1 2mo.  Clothf.75 

1EWIN  on  Syphilis.  The  Treatment  of  Syphilis.  By  Dr.  George  Lewin,  of 
Berlin     Translated  by  Carl  Prqegler,  m.d,,  and  E,  H.  Gale,  m.d.,  Surgeons 

ttt^t^'    IUustrated-     I2mo-       »  Paper,  .75 ;  Cloth,  $1.25 

LIEBREICH'S  Atlas  of  Ophthalmoscopy,  composed  of  12  Chromo-Lithogiraphic 

Srd  t'X59  F'gWreS)'  Whh  TeXt  '  Translat6d  b^  fi-  %S VYi  ^ 

Boards,  $15.00 
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LINCOLN.    School  and  Industrial  Hygiene.    By  D.  F.  Lincoln,  m.o.    Cloth,  .59 

LONGLEY'S  Pocket  Medical  Dictionary  for  Students  and  Physicians.    Giving 

the  Correct  Definition  and  Pronunciation  of  all  Words  and  Terms  in  General 

Use  in  Medicine   and  the  Collateral   Sciences,  with   an  Appendix,  containing 

'  Poisons  and  their  Antidotes,  Abbreviations  Used  in  Prescriptions,  and  a  Metric 

Scale  of  Doses.    By  Elias  Longley.        Cloth,  $1.00;  Tucks  and  Pocket,  $1.25 

LIZARS.  On  Tobacco.  The  Use  and  Abuse  of  Tobacco.  By  John  Lizars,  m.d. 
i2nio.  Cloth,  .50 

LTTCKES.  '  Hospital  Sisters  and  their  Duties.  By  Eva  C.  E.  Luckes,  Matron  to 
the  London  Hospital;  Author  of  "  Lectures  on  Nursing."     i2mo.     Cloth.  $1. 00 

MAC  MUNN.  Oh  the  Spectroscope  in  Medicine.  By  Chas.  A.  Mac  Munn,  m.d. 
With  3  Chromo-lithographic '  Plates  of  Physiological  and  Pathological  Spectra, 
and  13  Wood  Cuts.     8vo.  Cloth,1  $3.00 

MACNAMARA.  On  the  Eye.  A  Manual  of  the  Diseases  of  the  Eye.  By  C. 
Macnamara,  m.d.  Fourth  Edition,  Carefully  Revised ;  with  Additions  and 
Numerous  Colored  Plates,  Diagrams  of  Eye,  Wood-cuts,  and  Test  Types. 
Demi  8vo.  Cloth,  #4.00 

MACDONALD'S  Microscopical  Examinations  of  Water  and  Air.  A  Guide  to  the 
Microscopical  Examination  of  Drinking  Water,  with  an**Vppendix  on  the  Micro- 
scopical Examination  of  Air.  By  J.  D.  Macdonald,  m.d.  With  25  Litho- 
graphic Plates,,  Reference  Tables,  etc.   Second  Ed.,  Revised.     8vo.   Cloth,  $2.75 

MACKENZIE  on  the  Throat  and  Nose.  Complete  in  one  octavo  vol.  Including 
the  Pharynx,  Larynx,  Trachea,  (Esophagus,  Nasal  Cavities,  etc.,  etc.  By 
Morell  Mackenzie,  m.d.,  Senior  Physician  to  the  Hospital  for  Diseases  of 
the  Chest  and  Throat,  Lecturer  on  Diseases  of  the  Throat  at  London  Hospital 
Medical  College,  etc.  Revisedanci  Edited  by  D.'  Bryson  Delavan,  M.d.,  Prof, 
of  Laryngology  and  Rhinology  in  the  New  York  Polyclinic;  Chief  of  Clinic, 
Department  of  Diseases  qf  the  Throat,,  Col.  of  Physicians  and  Surgeons,  New 
York;  Sec.  of  the  American  Laryngological  Association,  etc.  One  vol.  Octavo. 
About  800  pages.     Full  list  of  Useful  Formula?,  and  over  200  Illustrations. 

Nearly  Ready. 
The  ffisophagus,  Nose,  Naso-Pharynx,  etc.    Illustrated.    Being  Vol.  II  of 
the  First  Edition  of  Dr.  Mackenzie's  Treatise.     Complete  in  itself 

Cloth,  $3.00 ;  Leather,  $4.00 
The  Pharmacopoeia  of  the  Hospital  for  Diseases  of  the  Throat  and  Nose. 
Fourth  Edition,  Enlarged,  Containing  250  Formulas,  with  Directions  for  their 
Preparation  and  Use.     i6mo.  Cloth,  $1.25 

Growths  in  the  Larynx.  Their  History,  Causes,  Symptoms,  etc.  With 
Reports  and  Analysis  of  one  Hundred  Cases.  With  Colored  and  other 
Illustrations,     8,yo,  Paper,  .75  ;  Cloth,  '$1.25 

MADDEN.  Health  Resorts  for  the  Treatment  of  Chronic  Diseases.  The  result 
of  the  author's,  own  observations  during  several  years  of  health,  travel  in  many 
l^nds.  With  remarks  on  climatology  and  the  use  of  mineral  waters.  •  By  T.  M. 
Madden,  m.d.    :8vo.  ■  ,.  .  Cloth,  $2.50 

MANN'S  Manual  of  Psychological  Medicine  and  Allied  Nervous  Diseases.  Their 
Diagnosis,  Pathology,  Prognosis  and  Treatment,  including  their  Medico-Legal 
Aspects  ;  with  chapter  on  Expert  Testimony,  and  an  abstract  of  the  laws  relating 
.,  to  the  Insane  in  all  the  States  of  the  Union,  By  Edward  C.  Mann,  m.d., 
member  of.  the  New  York  County  Medical  Society.  With  Illustrations  of  Typical 
Faces  of  the  Insane,  Handwriting  of  the  Insane,  and  Micro-photographic  Sec- 
tions of  the  Brain  and  Spinal  Cord.,    Octavo.  Cloth,  $5.00;  Leather  $6.00 

MARSHALL  &  SMITH.  On  the  Urine.  The  Chemical  Analysis  of  the  Urine. 
By  John  Marshall,  m.d,,  and  Prof.  Edgar.  F.  Smith,  of  the  Chemical  Labora- 
tories, University  of  Pennsylvania.    Phototype  Plates.     i2mo.  Cloth,  $1. 00 

MARTIN'S  Microscopic  Mounting.  A, Manual.  With  Notes  on  the  Collection 
and  Examination  of  Objects.  1 50  Illustrations.  .  By  John  H.  Martin.  Second 
Edition,  Enlarged.     8vo.  Cloth,  $2.75 
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MARSHALL.  Anatomical  Plates;  or  Physiological  Diagrams.  Life  Size  (4  by 
7  feet.)  Beautifully  Colored.  By  John  Marshall,  f.r.s.  New  Edition.  Re- 
vised and  Improved,  Illustrating  the  Whole  Human  Body. 

The  Set,  11  Maps,  in  Sheets,  #50.00 

The  Set,  1 1  Maps,  on  Canvas,  with  Rollers,  and  Varnished,  80.00 

An  Explanatory  Key  to  the  Diagrams,  •         .50 

No.  1.  The  Skeleton  and  Ligaments.  No.  2.  The  Muscles,  Joints,  and  Animal  Mechanics.  No.  3. 
The  Viscera  in  Position— The  Structure  of  the  Lungs.  No.  4.  The  Organs  of  Circulation.  No.  5. 
The  Lymphatics  or  Absorbents.  No.  6.  The  Digestive  Organs.  No.  7.  The  Brain  and  Nerves. 
No.  8.  The  Organs  of  the  Senses  and  Organs  of  the  Voice,  Plate  1.  No.  9.  The  Organs  of  the  Senses, 
Plate  z.  No.  10.  The  Microscopic  Structure  of  the  Textures.  No.  11.  The  Microscopic  Structure 
of  the  Textures. 

MASON'S  Compend  of  Electricity,  and  its  Medical  and  Surgical  Uses.  By 
Charles  F.  Mason,  m.d.,  Assistant  Surgeon  U.  S.  Army.  With  an  Intro- 
duction by  Charles  H.  May,  m.d.,  Instructor  in  the  New  York  Polyclinic. 
Numerous  Illustrations.     i2mo.     Being  Medical  Briefs,  No.  3.  Cloth,  #1. 00 

MAYS'  Therapeutic  Forces  ;  or,  The  Action  of  Medicine  in  the  Light  of  the  Doc- 
trine of  Conservation  of  Force.    By  Thomas  J.  Mays,  m.d.  Cloth,  #1.25 

MEADOWS'  Obstetrics.  A  Text-Book  of  Midwifery.  Including  the  Signs  and 
Symptoms  of  Pregnancy,  Obstetric  Operations,  Diseases  of  the  Puerperal  State, 
etc.  By  Alfred  Meadows,  m.d.  Third  American,  from  Fourth  London  Edi- 
tion.    Revised  and  Enlarged.    With  145  Illustrations.     8vo.  Cloth,  $2.00 

MEDICAL  Directory  of  Philadelphia,  Pennsylvania,  Delaware  and  Southern  half 
of  New  Jersey,  containing  lists  of  Physicians  of  all  Schools  of  Practice,  Dentists, 
Druggists  and  Chemists,  with  information  concerning  Medical  Societies,  Colleges 
and  Associations,  Hospitals,  Asylums,  Charities,  etc.     Morocco,  Gilt  edges,  $2.50 

MEIGS.  Milk  Analysis  and  Infant  Feeding.  A  Practical  Treatise  on  the  Ex- 
amination of  Human  and  Cows'  Milk,  Cream,  Condensed  Milk,  etc.,  and 
Directions  as  to  the  Diet  of  Young  Infants.  By  Arthur  V.  Meigs,  m.d.,  Physi- 
cian to  the  Pennsylvania  Hospital,  Philadelphia.  ■  i2mo.  Cloth,  $1.00 

MEIGS  and  PEPPER  on  Children.     A   Practical  Treatise   on  the   Diseases   of 
Children.     By  J.  Forsyth  Meigs,  m.d.,  Fellow  of  the  College  of  Physicians  of  , 
Philadelphia,  etc.,  etc.,  and  William  Pepper,  m.d.,  Professor  of  the  Principles 
and  Practice  of  Medicine  in  the  Medical  Department,  University  of  Pennsyl- 
vania.    Seventh  Edition.  Cloth,  $5.00 ;  Leather,  $6.00 

MERRELL'S  Digest  of  Materia  Medica.    Forming  a  Complete  Pharmacopoeia  for 
the  use  of  Physicians,  Pharmacists  and  Students.     By  Albert  Merrell  m  d 
Octavo.  Half  dark  Calf.'f^oo 

MEYER.  Ophthalmology.  A  Manual  of  Diseases  of  the  Eye.  By  Dr.  Edouard 
Meyer,  Prof,  a  L'Ecole  de  la  Faculte  de  Medicine  de  Paris,  Chev.  of  the  Legion 
of  Honor,  etc.  Translated  from  the  Third  French  Edition,  with  the  assistance 
of  the  author,  by  A.  Freedland  Fergus,  m.b.,  Assistant  Surgeon  Glasgow 
Eye  Infirmary.  With  270  Illustrations,  and  two  Colored  Plates  prepared 
under  the  direction  of  Dr.  Richard  Liebreich,  m.r.cs.,  Author  of  the  "Atlas 
of  Ophthalmoscopy.       8vo.  Cloth,  #4.50  ;  Leather,  $5  50 

MILLER  and  LIZAR'S  Alcohol  and  Tobacco.  Alcohol.  Its  Place  and  Power 
By  James  Miller,  f.r.c.s.  ;  and,  Tobacco,  Its  Use  and  Abuse.  By  John  Lizars 
m.d.    The  two  essays  m  one  volume.  Cloth,  $1.00;  Separate,  each  .$o 

MONEY.  On  Children.  Treatment  of  Disease  in  Children,  including  the  Outlines 
°f  Diagnosis  "id  the  Chief  Pathological  Differences  between  Children  and 
5£E  ™  It ^  rGEL,  Money  m.d.,  M  Rcp  _  Asst  Ph  ician  t0  th  H  m  for 
Sick  Children,  Grea  Ormond  St.,  and  to  the  Victoria  Park  Chest  Hospital,  Lon- 

^Jlrc      ^ *ctual  Senes-     12mo"     S60  pages.  Cloth!  $3.00 

°7Srr;  ■  Cor?P|Ild  of  Gynecology.    By  Henry  Morris,  m.d.,  Demonstrator  of 

Obstetncs,  Jefferson   Medical   College,   Phila.,   etc.     Being   t Q^ompTndt 

M0  Wi^  ?efraCtj?n  of  the  Eye-  "s  Diagnosis  and  the  Correctio^rfofiS  ErTotl 
Edt?RPe^e0d\SlX°gPeyd.and  ^  T*~    ^  A"  M°RTON'  "^  ™ 
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MTJRRELL.  Massage  as  a  Mode  of  Treatment.  By  Wm.  Murrell,  m.d., 
m.r.c.p.,  Lecturer  on  Materia  Medica  and  Therapeutics  at  Westminster  Hospital, 
Examiner  at  University  of  Edinburgh,  Physician  to  Royal  Hospital  for  Diseases 
of  the  Chest.    Third  Edition.     i2mo.  Cloth,  $1.50 

MUTER.  Practical  and  Analytical  Chemistry.  By  John  Muter,  f.r.s.,  f.c.s., 
etc.    Third  Edition.    Revised  and  Illustrated.  Cloth,  $2.00 

OSGOOD.    The  Winter  and  Its  Dangers.    By  Hamilton  Osgood,  m.d.  Cloth,  .50 

OTT'S  Action  of  Medicines.  By  Isaac  Ott,  m.d.,  late  Demonstrator  of  Experi- 
mental Physiology  in  the  University  of  Pennsylvania.     22  Illus.         Cloth,  #2.00 

OVERMAN'S  Practical  Mineralogy,  Assaying  and  Mining,  with  a  Description  of 
the  Useful  Minerals,  etc.  By  Frederick  Overman,  Mining  Engineer.  Elev- 
enth Edition.     i2mo.  Cloth,  $1.00 

OPHTHALMIC  REVIEW.  A  Monthly  Record  of  Ophthalmic  Science.  Published 
in  London.     Sample  Numbers,  23  cents.  Per  annum,  $3.00 

PACKARD'S  Sea  Air  and  Sea  Bathing.  By  John  H.  Packard,  one  of  the  Phy- 
sicians to  the  Pennsylvania  Hospital,  Philadelphia.^  Cloth,  .50 

PAGE'S  Injuries  of  the  Spine  and  Spinal  Cord,  without  apparent  Lesion  and  Ner- 
vous Shock.  In  their  Surgical  and  Medico-Legil  Aspects.  By  Herbert  W. 
Page,  m.d.,  f.r.c.s.    Second  Edition,  Revised.    Octavo.  Cloth,  $3.50 

PAGET'S  Lectures  on  Surgical  Pathology.  Delivered  at  the  Royal  College  of 
Surgeons.    By  James  Paget,  f.r.s.    Third  Edition.    Cloth,  $7.00 ;  Leather,  $8.00 

PARKES'  Practical  Hygiene.  By  Edward  A.  Parkes,  m.d.  The  Seventh  Re- 
vised and  Enlarged  Edition.     With  Many  Illustrations.     8vo.'  Cloth,  $4.50 

PARRISH'S  Alcoholic  Inebriety.  From  a  Medical  Standpoint,  with  Illustrative 
Cases  from  the  Clinical  Records  of  the  Author.  By  Joseph  Parrish,  m.d., 
President  of  the  Amer.  Assoc,  for  Cure  of  Inebriates.      Paper,  .75  ;  Cloth,  $1.25 

PARVIN'S  Winckel's  Diseases  of  Women  (see  Winckel-Parvin,  page  24). 

117  Illustrations.  Cloth,  $3.00;  Leather,  3.50 

PENNSYLVANIA  Hospital  Reports.  Edited  by  a  Committee  of  the  Hospital 
Staff:  J.  M.  DaCosta,  m.d.,  and  William  Hunt.  Containing  Original  Articles 
by  the  Staff.     With  many  other  Illustrations.  Paper,  .75  ;  Cloth,  $1.25 

PHYSICIAN'S  VISITING  LIST.  Published  Annually.  Thirty-seventh  Year  of  its 
Publication. 

sizes  and  prices. 

Tucks,  pocket  and  pencil,  Gilt  Edges,  .        .        $  1. 00 

1  "  "     ,    "  .         .  1.25 

1.50 

"  *'  "         "         "  .        .  2.00,) 

Jan.  to  Junel  „         „         „  i   '' 

July  to  Dec.  J  ■         •  2-5°  , 

Jan.  to  June)  „         „         „  J| 

'  July  to  Dec.  j  •        '  3'nf 

interleaved  edition. 

For  25  Patients  weekly,  interleaved,  tucks,  pocket,  etc.,  "  .        .  1.215 

50        "  "  "  "  "        "        "  .  i-SP 

So        «  "-els.   {]X^ll} '         •        •  3.00 

Perpetual  Edition,  without  Dates  and  with  Special  Memorandum   PagJ. 
For  25  Patients,  interleaved,  tucks,  pocket  and  pencil,  ....        $1*5- 

50        "  "  ....  1.50 

EXTRA  Pencils  will  be  sent,  postpaid,  for  25  cents  per  half  dozen. 
J@-  This  List  combines  the  several  essential  qualities  of  strength,  compactness,  durably 
and  convenience.     A  special  circular,  descriptive  of  contents  and  improvements,  will  bejeent 
upon  application.. 


For  25 

5o 

75 

100 

Patients  weekly. 

5° 

ti 

"  2  vols 

100 

a 

"    2V0ls 
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PEREIRA'S  Prescription  Book.  Containing  Lists  of  Terms,  Phrases,  Contrac- 
tions and  Abbreviations  used  in  Prespriptions,  Explanatory  Notes,  Grammatical 
Construction  of  Prescriptions,,  Rules  for  the  Pronunciation  of  Pharmaceutical 
Terms.    By  Jonathan  Pereira,  m.d.    Sixteenth  Edition. 

Cloth,  $1.00;  Leather,  with  tucks, and  pocket,  £1.25 

PHILLIPS'  Materia  Medica  and  Therapeutics.  .  Vegetable  Kingdom.    Organic 
Compounds.     Animal  Kingdom.     By  Chas.  D.  F.  Phillips,  m.d.,  f.r.s.,  Edin., 
late  Lecturer  on  Materia  Medica  and  'Therapeutics,  Westminster  Hospital",  Lon- 
don.    Second  Edition  (Complete).     Enlarged  and  Revised. .  Cloth,  $7.50 
PIESSE'S  Art  of  Perfumery,  or  the  Methods  of  Obtaining  the  Odors  of  Plants,  and 
Instruction  for  the  Manufacture  of  Perfumery,  Dentrifices,  Soap,  Scented,  Pow- 
'.'  ders,  Cosmetics,  etc.   ,  By  G,  W.  Septimus,  Piesse.    Fourth  Edition.     366  Illus- 
trations.                                                                                                       Cloth,  $5.50 
PIGGOTT  on  Copper  Mining  and  Copper  Ore.     With  a  full  Description  of  the 
Principal  Copper  Mines  of  the  'United  States,  the  Art  of  Mining,  etc.     By  A. 
Snowden  Piggott.     i2mo.                                                                   Cloth,  $1.00 
PORTER'S  Surgeon's  Pocket-Book.    By  Surgeon-Major  J.  H,  Porter,  late  Pro- 
fessor of  Military  Surgery  in  the  Army  Medical  School,  Netley,  England.  Revised, 
and  partly ,  Rewritten,  by  Surgeon-Major  C.  H.  Godwin,  of  the  Army  Medical 
School  (Netley,  England).    Third  Edition.     Small  i2mo.    Leather  Covers,  $£25 
POLYCLINIC,  The.     A  Monthly.  Journal,  of  Medicine  and  .Surgery.     Edited  by 
Henry  Leffmann,  m.d.    32  pages,  monthly.    'Now  in  its  5th  Volume.    Royal 
8vo.     Sample  Numbers  free.                                                              Per  annum,  J  1.00. 
POWER,  HOLMES,  ANSTIE  arid  BARNES  (Drs.).    Reports  on  the  Progress  of 
Medicine,  Surgery,  Physiology,  Midwifery,  Diseases  of  Women  and  Children, 
Materia  Medica,  Medical  Jurisprudence,  Ophthalmology,  etc.     Reported  for  the 
New  Syndenham  Society.     8vo.                                          Paper,  .75  ;  Cloth,  $1.25 
POTTER.    A  Handbook  of  Materia  Medica,  Pharmacy  and  Therapeutics,  in- 
cluding the  Action  of  Medicines,  Special  Therapeutics,  Pharmacology  etc.     In- 
cluding over  600  Prescriptions  and  Formulae.     By  Samuel  O.  L.  Potter  ma 
m.d.,  Professor  of  the  Practice  of  Medicine,  Cooper  Medical  College,  San  Fran- 
cisco ;  late  A.  A.  Surgeon  U.  S.  Army.                        Cloth,  $3.00 ;  Leather,  $3.50 
Speech   and   Its   Defects.     Considered  Physiologically,  Pathologically  and 
Remedially ;  being  the  Lea  Prize  Thesis  of  Jefferson  Medical  College,  1882 
Revised  and  Corrected.     i2mo.                                                         Cloth,  gi. 00 
Compend  of  Anatomy,  including  Visceral  Anatomy,  formerly  published 
separately     Fourth  Edition,  Revised/and  greatly  Enlarged.    With  an  Index 
and  1 17  Illustrations.     Being  No.  I  J  Quiz-  Commend  ?  Series.       Cloth,  $  1 .00 
n             j     *  ■««■  i.     •      ,,   ,.                        Interleaved  for  taking  Notes,  Si. 2? 
Compend  of  Materia  Medica,  Therapeutics  and  Prescription  Writing; 
arranged  in  accordance  with  the  last  Revision  U.  S.  Pharmacopoeia;  with 
special  reference  to   the  Physiological  Action   of  Drugs.     Fifth  Revised 
and  Improved  Edition,  with  Index.  ,  Being.  No.  6  ?  Quiz- Compend  f  Series. 
„                                                         Cloth,  $1.00.     Interleaved  for  taking  Notes,  $1.25 
PRINCE  S  Plastic  and  Orthopaedic  Surgery.    By  David  Prince,  m.d.    Contain- 
ing a  Report  on  the  Condition  of,  and  Adyance  made  in,  Plastic  and  Orthopaedic 
Surgery,  etc.      Numerous  Illustrations.     8vo.                                         Cloth   ull 
PRITCHARD   on  the  Ear.     Handbook  of   Diseases   of  the   Far      R„  t'tHam 
,  •  Pritchard,  M.D.,  *  K.c.S.,  Professor  of  Aural  Surgery   King's  CoilegMdon 
>•  Sta'Tc0"™111^  •COl^g/e  HosP'tal.  Senior  Surgeogn%o0thrRoy°alEa; 
TOlKS  T    l?™-**"*  Vol.  4,  tn  thePractical  Series.               Cloth,  $1.50 
.PROCTER'S  Practical  Pharmacy.    Lectures  on  Practical  Pharmacy     With  4, 

::gogcrERgssaeco„fEd^0rphic  Fac-simile  **«**»•■  *  %£-  { 

PYK    Surgical  Handicraft.     A  Manual  of  Surgical  ManiDulatlons    MiW  w° 
igery  and  other  Matters  connected  with  the  wofk  of  Son Su ee cS  Assist" 

^Sil^tranBoLWALTER  PYE'  *»"  Su^°n  »  *.  Ma?yrHSKnSLoAnSdr. 

Cloth,  $5.00 
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RADCLIFFE  on  Epilepsy,  Pain,  Paralysis,  and  other  Disorders  of  the  Nervous 

System.    By  Charles  Bland  Radcliffe,  m.d.    Illus.  Paper,  .75  ;  Cloth,  $1.25 

RALFE.     Diseases  of  the  Kidney  and! Urinary  Derangements.     By  C.  H.  Ralfe, 

m.d.,  F.R.C.P.,  /Ass't  Physician   to   the   London   Hospital.    .  Illustrated.     i2mo. 

Volume  3,  Practical  Series.       .    ,,  Cloth,  $2.75 

RANDALL  &  MORSE.    Anatomy  of  the  Ear.    Photographic  Illustrations  of  the 

■     Anatomy  of  the  Human  Ear;  together  with  Pathological  Conditions  of  the  Drum 

•  Membrane,  and  Descriptive  Text.,    By  B.  Alex.  Randall,  a.m.,  m.d.,  and 

Henry  Lee  Morse,  b.a.;,m.d.    25  Plates,  comprising  75  Figures.    Quarto. 

,  ,    ,  In  Portfolio,  net,  5.00 

REESE'S  Medical  Jurisprudence  and  Toxicology.  A1  Text-book  for  Medical  and 
Legal  Practitioners  and  Students.  By  John  J.Reese,  m.d.,  Editor  of  Taylor's 
Jurisprudence,  Professor  of  the  Principles  and  Practice  of  Medical  Jurisprudence, 
including  Toxicology,  in  the  University  of  Pennsylvania  Medical  and  Law 
Schools,  .  Crown  Octavo.  .    :  Cloth,  $3.00  ;  Leather,  $3. 50 

REEVES.  Bodily  Deformities  and  their  Treatment.  A  Handbook  of  Practical 
Orthopaedics.  By  H.  A.  Reeves,  m.d.,  Senior  Ass't  Surgeon  to  the  London 
Hospital,  Surgeon  to  the  Royal  Orthopaedic  Hospital.     228  Illus.        Cloth,  $2.25 

REYNOLDS.  Electricity.  Lectures  on  the  Clinical:  Uses  of  Electricity.  By  J. 
Russell  Reynolds,  m.d. ,  f.r.s.    Second  Edition.     i2mo.  Cloth,  $1.00 

RICHARDSON.  Long  Life,  and  How  to  Reach  It.  By"  J.  G.  Richardson,  Prof, 
of  Hygiene,  University  of.  Penna.  Cloth,  .50 

RICHARDSON'S  Mechanical  Dentistry.  A  Practical  Treatise  on  Mechanical 
Dentistry.  By  Joseph  Richardson,  d.d.s.  Fourth  Edition.  Revised  and 
Enlarged.    With  458  Illustrations.   716  pages.    8vol    Cloth,' $4. 56;  Leather,  $5.50 

RIGBY'S  Obstetric  Memoranda.    4th  Ed.    By  Alfred  Meadows,  m.d.    321110. 

;„        ''.;,'"'  '    .  cloth>  -5° 

RINDFLEISCH'S  General  Pathology.  ■  A  Handbook  for  Students  and  Physicians. 
By  Prof.  Edward  RiNDFLEiscH,,of  Wurzburg.  Translated  by  Wm.  H.  Mercur, 
m.d.,,  of  Pittsburgh,,  Pa.,  Edited  and  Revised  by  James  Tyson,  m.d.,  Professor  of 
-Morbid  Anatqmy  and  Pathology,  University  of  Pennsylvania.;  Cloth,  $2.00 

RICHTER'S  Inorganic  Chemistry.  A  Text-book  for  Students.  By  Prof.  Victor 
von  Richter,  University  of  Breslau.  Third  American,  from  Fifth  German 
Edition.  Authorized  Translation  by  Edgar  F.  Smith,  m.a.,  ph.d.,  Prof,  of 
Chemistry,  Wittenberg  College,  formerly  in  the  Laboratories  of  the  University 
of  Pennsylvania,  Member  of  the  Chemical  Societies  of  Berlin  and  Paris.  With 
89  Illustrations  and  a  Colored  Plate  of  Spectra.,    i2mo.     .  Cloth,  $2,oe 

Organic  Chemistry.  .A  Text-book  for  Students.    Translated1  from  the  Fourth 
German  Ed.,  by  Prof.  Edgar  F.  Smith.,    Illus.    Cloth,  $3.00  ;  Leather,  $3.50 

ROBERTS.  Club-Foot.  Clinical  Lectures  on  Orthopaedic  Surgery,  Nos.  I  and  II. 
The  Etiology,  Morbid  Anatomy,  Varieties  and  Treatment  of  Club-Foot.  By 
A.  Sydney  Roberts,  m.d.,  Instructor  in  Orthopaedic  Surgery  in  the  University 
of  Pennsylvania,  Surg,  to  the  Univ.  Hospital.     Illustrated.     i2mo.        Cloth,  .50 

ROBERTS.     Practice  of  Medicine.     The  Theory  and  Practice  of  Medicine.     By 

Frederick  Roberts,,  m.d.,  Professor  of  Therapeutics  at  University  College, 

,,     London.     Sixth  Edition,  thoroughly   revised  and  enlarged,   with   Illustrations. 

8vo.  Cloth,  $5soo;  Leather,  $6.00 

Materia  Medica  and  Pharmacy.    A  Compend  for  Students.       Cloth,,.  $2.00 

ROBERTS.  Surgical  Delusions  and  Follies';.    By  John  B.  Roberts,  m.d.,  Professor 
of  Anatomy  and  Surgery,  in  the  Philadelphia  Polyclinic      Paper  .25 ;  Cloth,  .50 
The  Human  Brain.    The  Field  and,  Limitation  of  the  Operative  Surgery  of  J 
the  Human  Brain.  ,  Illustrated.     8vo.  Cloth,  -$  1.25/ 

SANDERSON'S  Physiological  Laboratory.    A  Handbook  of  the  Physiological 
Laboratory.     Being  Practical  Exercises  for<  Students  in  Physiology  and  Histology 
By  J.  Burdon  Sanderson,  m.d.,  E.  Klein,  m.d.,  Michael  Foster,  m.d.,  f.r.s 
and  T.  Lauder  BrunTon,  m.d.     With  over  350  Illustrations  and  Appropria' 
Letter-press  Explanations  and  References.     One  Volume.  Cloth,, $$} 
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SANSOM'S  Diseases  of  the  Heart.    Valvular  Disease  of  the  Heart.    By  Arthur 
Ernest  Sansom,  m.d.    Illustrated.     i2mo.  Cloth,  $1.25 

On  Chloroform.    Its  Action  and  Administration.        Paper,  .75  ;  Cloth,  $1.25 
SAVAGE.   Atlas  of  the  Female  Pelvic  Organs,   The  Surgery,  Surgical  Pathology 
and  Surgical  Anatomy  of  the  Female  Pelvic   Organs.     In  a  series  of  Plates 
taken  from  nature,  with  Commentaries,  Notes  and  Cases.    By  Henry  Savage, 
m.d.,  Lond.,  f.r.c.S.     Fifth  Edition.     Revised  and  greatly  extended.     17  Col- 
ored Plates,  comprising  many  Figures.     Quarto.  Cloth,  net,  12.00 
SCANZONI.    Sexual  Organs  of  Women.    A  Practical  Treatise  on  the  Diseases 
of  the  Sexual  Organs  of  Women.     By  F.  W.  von  Scanzoni,  Prof,  of  Midwifery 
and  Diseases  of  Females,  University  of  Wiirzburg,  etc.    Edited  by  A.  K.  Gard- 
ner, a.m.,  m.d.     60  Illustrations.     Fourth  Edition.     Octavo.  Cloth,  $4.00 
SCHTJLTZE'S  Obstetrical  Plates.     Obstetrical  Diagrams.     Life  Size.     By  Prof.  B. 
S.  Schultze,  m.d.,  of  Berlin.     Twenty  in  the  Set.     Colored. 

In  Sheets,  $15.00;  Mounted  on  Rollers,  #25.00 
SOLLY'S  Colorado  Springs  and  Manitou  as  Health  Resorts.    By  S.  Edwin  Solly, 
m.d.,  m.r.c.s.,  Eng.     i2mo.  Paper  cover,  .25 

SMITH'S  Wasting  Diseases  of  Infants  and  Children.  By  Eustace  Smith,  m.d., 
f.r.c.p.,  Physician  to  the  East  London  Children's  Hospital.  Fifth  London 
Edition,  Enlarged.     8vo.  Cloth,  $3.00 

Clinical  Studies  of  Diseases  in  Children.    Second  Edition,  Revised.    8vo. 
Just  Ready.  Cloth,  $2.50 

SMITH.  Abdominal  Surgery.  Being  a  Systematic  Description  of  all  the  Princi- 
pal Operations.  By  J.  Greig  Smith,  m.a.,  f.r.s.e.,  Surg,  to  British  Royal  In- 
firmary, Fellow  Royal  Med.  Chir.  Soc,  etc.    With  45  Engravings.     8vo. 

New  Edition,  Enlarged.   In  Press, 
SMITH  (TYLER).    Lectures  on  Obstetrics.    Delivered  at  St.  Mary's  Hospital. 
With  an  Introductory  Lecture  on  the  History  and  Art  of  Midwifery,  and  Copious 
Annotations.    By  A.  K.  Gardner,  a.m.,  m.d.  233  Illus.  3d  Ed.  8vo.  Cloth,  #4.00 
SMYTHE'S  Medical  Heresies.     Historically  Considered.     A  Series  of  Critical  Es- 
says on  the  Origin  and  Evolution  of  Sectarian  Medicine,  embracing  a  Special 
Sketch  and  Review  of  Homoeopathy,   Past  and   Present.     By   Gonzalvo   C. 
Smythe,  a.m.,  m.d..  Professor  of  the  Principles  and  Practice  of  Medicine,  Col- 
lege of  Physicians  and  Surgeons,  Indianapolis,  Indiana.     i2mo.        Cloth,  $1.25 
STAMMER.     Chemical  Problems,   with  Explanations  and   Answers.     By  Karl 
Stammer.     Translated  from  the  2d  German  Edition,  by  Prof.  W.  S.  Hoskinson 
a.m.,  Wittenberg  College,  Springfield,  Ohio.     i2mo.  Cloth    75 

STARR.  The  Digestive  Organs  in  Childhood.  The  Diseases  of  the  Digestive 
Organs  in  Infancy  and  Childhood.  With  Chapters  on  the  Investigation  of 
Disease  and  the  Management  of  Children.  By  Louis  Starr,  m.d..  Clinical 
Prof,  of  Diseases  of  Children  in  the  Hospital  of  the  University  of  Penn'a  •  Physi- 
cian to  the  Children's  Hospital,  Phila.  8vo.  Cut  or  uncut  edges.  Cloth,  $2  50 
STARR  and  WALKER.  Physiological  Action  of  Medicines.  Prepared  for  the 
use  of  Students  of  the  Medical  Department,  University  of  Penna.,  with  the 
approval  of  the  Professor  of  Materia  Medica  (H.  C.  Wood,  m  d)  •  By  Louis 
Starr  m.d.,  Clin.  Prof.  Dis  of  Children,  in  the  Hospital  of  the  University,  and 
I  ^AtLKt?R'  M-D-  Pr0f"  Sf  Med-  Woman's  ■Med'l  College  of  Phila.;  assisted 
&T^VP<TE£L',  M-°-J  Physiclan  t0  Children's  Clinic,  University  Hospital. 
Third  Edition.'    Enlarged.     32mo.  '  Cloth   .75 

STEWART'S  Compend  of  Pharmacy.  Based  upon  "Remington's  Text-Book  of 
Pharmacy.  By  F  E  Stewart,  m.d.,  ph.g.,  Quiz  Master  in  Chem.  and  Theoreti- 
cal Pharmacy,  Phila.  College  of  Pharmacy ;  Demonstrator  and  Lect.  in  Pharma- 
cology, Medico-Chirurgical  College,  and  in  Woman's  Medical  College.    2d.  Ed. 

aTT^TW/P^fr  /^  C1?.h'  ,*l£° :  .Interleaved  for  the  addition  of  notes,  $1.25 

STIRLING  Outlines  of  Practical  Physiology.  Including  Chemicaland  Experi- 
mental Physiology,  with  Special  Reference  to  Practical  Medicine.  By  W  Stir- 
ling, m.d.,  sea,  Prof,  of  Phys.,  Owens  College,  Victoria  University,  Manchester. 
Exammer  in  Honor's  School  of  Science,  Oxford,  England.  142  Illustrations: 
309  pages.  clothi  |2>2s 
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STOCKEN'S  Dental  Materia  Medioa.  Dental  Materia  Medica  and  Therapeutics, 
with  Pharmacopoeia.    By  James  Stocken,  d.d.s.    Third  Edition.    Cloth,  #2.50 

SUTTON'S  Volumetric  Analysis.  A  Systematic  handbook  for  the  Quantitative 
Estimation  of  Chemical  Substances  by  Measure,  Applied  to  Liquids,  Solids  and 
Gases.  By  Francis  Sutton,  f.c.s.  Fifth  Edition,  Revised  and  Enlarged, 
with  Illustrations.    8vo.  Cloth,  $4.50 

SUTTON.  Pathology.  An  Introduction  to  General  Pathology,  founded  on  three 
lectures  delivered  at  the  Royal  College  of  Surgeons  of  England,  1886.  By 
John  Bland  Sutton,  f.r.c.s.,  Lecturer  on  Pathology,  Royal  College  of  Sur- 
geons ;  Assistant  Surgeon  and  Demonstrator  of  Anatomy,  Middlesex  Hospital, 
London.     149  Illustrations.  Cloth,  #4.50 

Ligaments.    Their  Nature  and  Morphology.    Illustrated.    i2mo.    Cloth,  1.25 

SWAIN.    Surgical  Emergencies,  together  with  the  Emergencies  Attendant  on 

Parturition  and  the  Treatment  of  Poisoning.     A  Manual  for  the  Use  of  General 

Practitioners.    By  W.  F.  Swain,  f.r.c.s.    Fourth  Edition.    Illustrated.  1.50 

SWAYNE'S  Obstetric  Aphorisms,  for  the  Use  of  Students  commencing  Midwifery 
Practice.    By  Joseph  G.  Swayne,  m.d.    Eighth  Edition.    IIlus.        Cloth,  $1.25 

TAFT'S  Operative  Dentistry.  A  -Practical  Treatise  on  Operative  Dentistry.  By 
Jonathan  Taft,  d.d.s.  Fourth  Revised  and  Enlarged  Edition.  Over  100  Il- 
lustrations. 8vo.  Cloth,  #4.25  ;  Leather,  $5.00 
Index  of  Dental  Periodical  Literature.    8vo.  Cloth,  $2.00 

TALBOT.  Irregularities  of  the  Teeth,  and  Their  Treatment.  By  Eugene  S. 
Talbot,  m.d.,  Professor  of  Dental  Surgery .  Woman's  Medical  College,  and 
Lecturer  on  Dental  Pathology  in  Rush  Medical  College,  Chicago.  Octavo.  150 
Illustrations.  Cloth,  $2.00 

TANNER'S  Index  of  Diseases  and  their  Treatment.    By  Thos.  Hawkes  Tanner, 
*  M.D.,  f.r.c.p.     Second  Edition,  Revised  and  Enlarged.     By  W.  H.  Broadbent, 
m.d.     With  Additions.     Appendix  of  Formulae,  etc.     8vo.  Cloth,  $3.00 

Memoranda  of  Poisons  and  their  Antidotes  and  Tests.     Fifth  American,  from 
the  Last  London  Edition.    Revised  by  Henry  Leffmann,  m.d.,  Professor 
of  Chemistry  in  Pennsylvania  College  of  Dental  Surgery  and  in  the  Phila- 
delphia Polyclinic.  Cloth,  .75 
TEMPERATURE  Charts  for  Recording  Temperature,  Respiration,  Pulse,  Day  of 
Disease,  Date,  Age,  Sex,  Occupation,  Name,  etc.            Put  up  in  pads;  each  .50 
THOMPSON.     Lithotomy  and  Lithotrity.    Practical  Lithotomy  and  Lithotrity ;  or 
an  Inquiry  into  the  best  Modes  of  Removing  Stone  from  the  Bladder.     By  Sir. 
Henry  Thompson,  f.r.c.s.,  Emeritus  Professor  of  Clinical  Surgery  in  Univer- 
sity College.     Third  Edition.    With  87  Engravings.     8vo.                  Cloth,  $3.50 

Urinary  Organs.  Diseases  of  the  Urinary  Organs.  7th  London  Ed.  Cloth,  $1.25 

On  the  Prostate.     Diseases  of  the  Prostate.     Their  Pathology  and  Treatment. 
Sixth  Lbndon  Edition.     8vo.     Illustrated.  Cloth,  52.00 

Calculous  Diseases.    The  Preventive  Treatment  of  Calculous  Disease,  and 
the  Use  of  Solvent  Remedies.     Second  Edition.     l6mo.  Cloth,  jSi. 00 

Surgery  of  the  Urinary  Organs.    Some  Important  Points  connected  with  the 
Surgery  of  the  Urinary  Organs.     Illus.  Paper,  .75  ;  Cloth,  $1.25 

TIDY.  Modem  Chemistry,  Inorganic  and  Organic.  A  Handbook  for  the  Use  of 
Students.  By  Chas.  MeyMott  Tidy,  f.r.c,  Prof,  of  Chemistry  and  Medical 
Jurisprudence  and  Public  Health  at  London  Hospital;  Medical  Officer  of  Health 
and  Public  Analyst  of  the  City  of  London,  etc.  8vo.  Second  Edition.  Revised 
and  Enlarged.  Cloth,  $5. 50 

TILT'S  Change  of  Life  in  Women,  in  Health  and  Disease.  A  Practical  Treatise! 
on  the  Diseases  incidental  to  Women  at  the  Decline  of  Life.  By  Edward  John! 
Tilt,  m.d.    Fourth  London' Edition.    8vo.  Paper  cover,  .75  ;  Cloth,  JS1.2J 

TOMES'  Dental  Anatomy.    A  Manual  of  Dental  Anatomy,  Human  and  Compare 
tive.    By  C.  S.  Tomes,  d.d.s.     191  Illustrations.    3d  Ed.     i2mo.  In  Pre! 
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TOMES.  Dental  Surgery.  A  System  of  Dental  Surgery.  By  John  Tomes,  f.r.s. 
Fourth  Edition,  Revised  and  Enlarged.  By  C.  S.  Tomes,  d.d.s.  With  292 
Illustrations.     i2mo.     772  pages.     >  Cloth,  $5.00 

TRANSACTIONS  of  the  College  of  Physicians  of  Philadelphia.    Third  Series. 
Vols.  I,  II,  III,  IV,  V,  Cloth,  each,  $2.50.  ,  VI,  VII,  Cloth,  each,  #3.50. 
Vol.  VIII,  1886,  Cloth,  $3.75. 

TRANSACTIONS  American  Surgical  Association.  Illustrated.  Royal  8vo. 
Price  of  Vol.  I,  Cloth,  $3.50 ;  Vol.'II,  Cloth,.  $4.00 ;  Vol.  Ill,  Cloth,  $3.50  Vol.  IV, 
Cloth,  $3.00.     Vol.  V,  Cloth,  #4.25 

TRIMBLE.    Practical  and  Analytical  Chemistry.    Being  a  complete  course  in 

Chemical  Analysis.    By  Henry  Trimble,  ph.g.,  Professor  of  Analytical  Chem- 

■  istry  in  the  Philadelphia  College  'of  Pharmacy.     Second  Edition.     Enlarged. 

Illustrated,     8vo.  Cloth,  $1.56 

TTJRNBULL'S  Artificial  Anaesthesia.  The  Advantages  and  Accidents  of  Artifi- 
cial Anaesthesia  ;  Its  Employment  in  the  Treatment  of  Disease;  Modes  of  Ad- 
ministration ;  Considering  their  Relative  Risks ;  Tests  of  Purity ;  Treatment  of 
Asphyxia ;'  Spasms  of  the  Glottis;  Syncope,  etc..  ,By  Laurence  Turnbull,  m.d., 
ph.  g.,  Aural  Surgeon  to  Jefferson  College  Hospital,  etc.  Second  Edition,  Re- 
vised and  Enlarged.'  With  27  Illustratio'ns  of  Various  Forms  of  Inhalers,  etc.-, 
and  an  appendix  of  over  70-pages,  containing  a  full  account  of  the  new  local 
Anaesthetic, '  Hydrochlorate  of  Cocaine.     i2mo.  Cloth,  $1.50 

Hydrochlorate  of  Cocaine.    i2mo.  Paper,  .sq 

TUSON.  Veterinary  Pharmacopoeia.  Including  the  Outlines  of  Materia  Medica 
and  Therapeutics.  For  the;  Use  of  Students  and  Practitioners  of  Veterinary 
Medicine.     By  Richard  V.  Tuson,  f.c.s.     Third  Edition*     i2mo.     Cloth,  $2. 50 

TYSON.  Bright's  Disease  and  Diabetes.  With  Especial  Reference  to  Pathology 
and  Therapeutics.  By  James  Tyson,  m.d.,  Professor  ,of  Pathology  and  Morbid 
Anatomy  in  the  University  of  Pennsylvania.  Including  a  Section  on  Retinitis  in 
Bright's  Disease.  By  Wm.  F.  Norris,  m.d.,  Clin.  Prof,  of  Ophthalmology,  in  Univ. 
of  Penna.    With  Colored  Plates  and  many  Wood  Engravings.    8vo.    Cloth,  $3.50 

Guide  to  the  Examination  of  Urine.     Fifth  Edition.     For  the  Use  of 

Physicians  and  Students.    With  Colored  Plates  and  Numerous  Illustrations 

Engraved  on  Wood,     Fifth  Edition. ...  Enlarged  and  Revised,.     i2mo.    249 

pages!  '    Cloth,  51.50 

Cell  Doctrine.     Its  History  and  Present  State.    With  a  Copious  Bibliography 
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GOODHART  AND  STARR,  DISEASES  OF  CHILDREN.  By  J.  F.  Goodhart,  m.d.,  Physi- 
cian to  the  Evelina  Hospital  for  Children;  Assistant  Physician  to  Guy's  Hospital,  London.  American 
Edition.  Revised  and  Edited  by  Louis  Starr,  m.d.,  Clinical  Professor  of  Diseases  of  Children  in 
the  Hospital  of  the  University  of  Pennsylvania,  and  Physician  to  the  Children's  Hospital,  Phila.  With 
many  new  Prescriptions  and  over  50  Formulas,  conforming  to  the  U.  S.  Pharmacopoeia,  and  Directions 
for  making  Artificial  Human  Milk,  for  the  Artificial  Digestion  of  Milk,  etc.     738  pages. 

Cloth,  $3.00;  Leather,  $3.50 
RICHTER'S  ORGANIC  CHEMISTRY.  ByPROF.  Victor  von  Richter,  University  of  Breslau. 
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field, Ohio;  formerly  in  the  Laboratories  of  the  University  of  Pennsylvania;  Member  of  the  Chemical 
Societies  of  Berlin  and  Paris,  of  the  Academy  of  Natural  Sciences  of  Philadelphia,  etc.  Illustrated. 
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the  College  of  Physicians  of  Phila. ;  Corresponding  Member  of  the  New  York  Medico-Legal  Society,  etc. 
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»  WIRING'S  PRACTICAL  THERAPEUTICS.     Fourth  Edition.    A  Manual  of  Practical  Thera- 

I         peutics,  considered  with  reference  to  Articles  of  the  Materia  Medica.     Containing,  "also,  an  Index  of 

r  Diseases,  with  a  list  of  the  Medicines  applicable  as  Remedies,  and  a  full  Index  of  the  Medicines  and 

Preparations  noticed  in  the  work.     By  Edward  John  Waring,  m.d.,  f.r.c.p.,  f.l.s.,  etc.    4th 
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JUST  PUBLISHED.     SECOND  EDITION. 

HUMAN  PHYSIOLOGY. 

by  landois  and  Stirling. 

With  nearly  600  Illustrations. 

SECOND    AMERICAN,    FROM    THE    FIFTH    GERMAN    EDITION. 

A  Text- Book  of  Human  Physiology,  including  Histology  and  Microscopical  Anatomy, 
with  special  reference  to  the  requirements  pf  Practical  Medicine.  By 
Dr.  L.  Landois,  Professor  of  Physiology  and  Director  of  the  Physiological  Institute, 
University  of  Greifswald.  Translated  from  the  Fifth  German  Edition,  with  addi- 
tions by  Wm.  Stirling,  m.d.,  sc.d.,  Brackenburg,  Professor  of  Physiology  and 
Histology  in  Owen's  College  and  Victoria  University,  Manchester;  Examiner  in 
the  Honors'  School  of  Science,  University  of  Oxford,  England.  Second  Edition, 
revised  and  enlarged.     583  Illustrations. 

"A  BRIDGE   BETWEEN    PHYSIOLOGY  AND    PRACTICAL   MEDICINE." 

One  Volume.    Royal  Octavo.    Cloth,  $6.50 ;  Leather,  $7.50. 

From  the  prefaces  to  the  English  Edition. 
The  fact  that  Prof.  Landois'  book  has  passed  through  four  large  editions  in  the  original  since  1880,  and 
that  in  barely  six  months'  time  <t  second  edition  of  the  English  has  been  called  for,  shows  that  in  some 
special  way  it  has  met  a  want.  The  characteristic  which  has  thus  commended  the  work  will  be  found 
mainly  to  lie  in  its  eminent  practicability;  and  it  is  this  consideration  which  has  induced  me  to  undertake  the 
task  of  putting  it  into  English.  Landois'  work,  in  fact,  forms  a  Bridge  between  Physiology  and  the  Practice 
of  Medicine.  It  never  loses  sight  of  the  fact  that  the  student  of  today  is  the  practicing  physician  of 
to-morrow.  In  the  same  way,  the  work  offers  to  the  busy  physician  in  practice  a  ready  means  of  refreshing 
his  memory  on  the  theoretical  aspects  of  Medicine.  He  can  pass  backward  from  the  examination  of  patho- 
logical phenomena  to  the  normal  processes,  and,  in  the  study  of  these,  find  new  indications  and  new  lights 
for  the  appreciation  and  treatment  of  the  cases  under  consideration.  With  this  object  in  view,  .all  the 
methods  of  investigation  which  may,  to  advantage,  be  used  by  the  practitioner,  are  carefully  and  fully 
described.  Many  additions,  and  about  one  hundred  illustrations,  have  been  introduced  into  this  second 
English  edition,  and  the  whole  work  carefully  revised. 

PRESS  NOTICES. 

"  Most  effectively  aids  the  busy  physician  to  trace  from  morbid  phenomena  back  the  course  of  divergence  from 
healthy  physical  operations,  and  to  gather  in  this  way  new  lights  and  novel  indications  tor  the  comprehension  and  treatmev 
oi  the  maladies  with  which  he  is  called  upon  to  cope."-^American  Journal  of  Medical  Sciences.  <  y    . 

"  I  know  of  no  book  which  is  its  equal  in  the  applications  to  the  needs  of  clinical  medicine." — Prof.  Harrison  Allen,^^K 
Professor  of  Physiology,  University  of  Pennsylvania!  •  ,#r 

"We  have  no  hesitation  in  saying  that  this  is  the  work,  to  which  the  Practitioner  will  turn  whenever  he  desires  light 
thrown  upon  the  phenomena  of  a  complicated  or  important  case." — Edinburgh  Medical  Journal. 

"So  great  are  the  advantages  offered  by  Prof.  Landois'  Text-Book,  from  the  exhaustive  and  eminently  practical 
manner  in  which  the  subject  is  treated,  that  it  has  passed  through  four  large  editions  in  the  same  number  of  years.  .  .  . 
Dr.  Stirling's  annotations  have  materially  added  to  the  value,  of  the  work.  Admirably  adapted  for  the  Practitioner.  .  .  . 
With  this  Text-book  at  command,  no  Student  could  fail  in  his  examination." — The  Lancet.  .... 

"One  of  the  most  practical  works  on  Physiology  ever  written,  forming  a  '  bridge '  between  Physiology  and  ^Practical 
Medicine.  .  '.'*.  Its  chief  merits  are  its  completeness  and  conciseness.  .  .  .  The  additions  by  the  Editor  are  able  and  judicious. 
.  .  .  Excellently  clear,  attractive  and  succinct." — British  Medical  Journal. 

"  The  great  subjects  dealt  with  are  treated  in  an  admirably  clear,  terse,  and  happily  illustrated,  manner." — Practitioner. 

"  Unquestionably  the  most  admirable  exposition  of  the  relations  of  Human  Physiology  to  Practical  Medicine  ever  laid 
before  English  readers  " — Students1  Journal.  , 

"  As  a  work  of  reference,  Landois  and  Stirling's  Treatise  ought  to  take  the  forbmost  place  among  the  text- 
books in  the  English  language.    The  wood-cuts  are  noticeable  for  their  number  and  beauty." — Glasgow,  Medical  Journals^ 

"  Landois'  Physiology  is,  without  question,  the  best  text-book  on  the  subject  that  has  ever  been  written." 
— NevtYork  Medical  Record.  (  '  ■"■'*& 

"  The  chapter  on  the  Brain  and  Spinal  Cord  will  be  a  rrost  valuable  one  for  the  general  reader,  the  translator's  notes'gpding 
not  a  little  to  its  importance.  The  sections  on  Sight  and  Hearing  are  exhaustive.  .  .  ..The  Chemistry,  of  theUrineJs  thprljighly 
considered.  ...  In  its  present  form,  the  value  of  the  original  has  been  greatly  increased.  .  .  ;  The  text  is  smooth,  accurate, 
and  unusually  fiee  from  Germanisms  ;  in,  fact,  it  is  good  English." — New  York  Medical  Journal. 

"  It  is  not  for  the  physiological  student  alone  that  Prof.  Landois'  book  possesses  great  value,  for  if  has  been  ai&kessbd 
To  the  practitioner  of  medicinb  as  well,  who  will  find  here  a  direct  application  of  physiological  to  pathological  pnpesses." 
Medical  Bulletin.  *  *       r* 
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COLORED  PLATES   PRINTED   UNDER  THE   DIRECTION  OF 

DR.  RICHARD  LIEBREICH,  M.'R.  C.S.,  Author  of  the- "Atlas  of  Ophthalmoscopy." 

WITH  COLORED  PLATES  AND  267  ENGRAVINGS  ON  WOOD. 

Octavo.     650  Pages.     Cloth,  $4.50  ;    Leather,  $5.56-. 

Synopsis  of  Contents. — Diagnosis  and  treatment  of  Ocular  Affections.  Diseases  of  the  Conjunc- 
tiva. Diseases  of  the  Cornea  and  Sclerotic.  Iris — Ciliary  Body — Choroid.  Glaucoma,^  Diseases  of  the 
Optic  Nerve  and  Retina.  Amblyopia  and  Amaurosis.  Diseases  of  the  Vitreous  Body.  Diseases  of  the 
Crystalline  Lens.  Refraction  and  Accommodation.  The  Muscles  of  the  Eye.  Diseases  of  the  Eyelids. 
Diseases  of  the  Lachrymal-  Passages.     Diseases  of  the  Orbit.     Table  of  Dioptries.     Index. 
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Fig.  27.— Pterygium. 


Forming  a  complete  systematic-Manual  of  Ophthalmology.     The  translating 

and  editing  have  been  done  with  the  assistance1 
of  the  author.  The  illustrations,  which  will  be 
found  of  great  help  in  diagnosis,  have  been  care- 
fully ■  engraved ;  the  colored  plates,  being  re- 
duced from  Liebreich's  Atlas  of  Ophthalmology 
and  printed  under  the  direction  of  Dr.  Liebreich, 
are  accurate  and  faithful  representations  of  their 
subjects.  ' 

Treatment  and  Diagnosis  receive  full  chare 
of  attention.  Refraction  and  accommodation 
occupy  a  section  of  over  sixty  pages,, being 
handled  in,  a  practical,  concise  Way  that,  will 
commend  itself  specially  to  students  and  physi- 
cians who  have  given  the  subject  but  little  attention.  The  chapters  describing  the 
subject  of  general  diagnosis  and  the  proper  instruments  to  be  used,  are  thorough 
and  >well  illustrated. 

.••«*r>  Swan  M-  Burnett,  reviewing  the  book  in  The  Archive?  of  Ophthalmology,  says  :   "  The  cause  of  its  popularity  is  not 
tar  to  seek.    It  is  clear,  concise,  conservative  and  eminently  practical."  ' 

This  book  has  gone  through  three  French  and  four  German  Editions, 
J has  b^en    translated   into   Italian,    Spanish,    Polish,  Russian,  Japanese— 
this,  the   English   Edition,  making  the   eighth   language  in  which   it   has 
been  published. 

P.  Bmkiston,  Son  &  Co.,  Publishers*  101 2  Walnut  Street,  Philadelphia: 


(Attention  is  called  to.  the  help  in  diagnosis  of  a 
tut  of  this  character.  It  is  followed  by  three  en- 
gravings showing  the  operation  for  Pterygium.) 
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"It  is  essentially  a  practical  work.  *  *  *  The  account  of  the  refraction  and.  accommodation  of  the  eye,  their  anomalies 
•xtd  correction,  by  lenses,  of  the:ocular  muscles*  and  their  paralysis,  of  strabismus  and  its  treatment,  is  admirably  clear,  neither 
yerburdened  with  theory  nor  dogmatically  empirical.  *  *  *  The  work  is  eminently  readable^  *  *  *  The  type  and  the 
llustraiions  are  in  marked  contrast  to  most  medical  worker  the  latter 'Include  three  colored  plates  from  Leibreich's  "  Atlas  of 
)phthalmplogy,"  and, are,  almost  without  exception,,  of  a  high  order.of  excellencer" — Ophthalmic  Review 

("I  have  looked  over  the  bookf  and  find  it  an  excellent  translation  of  what  I  have  known  as  a  good  book  in  French." — D.  B. 
if.  John  Roosa,  m.d.,  rf'Neiv  York'.  •  .>  ■  ; 


Fig.  83.— Physiouoqioal  Excavation. 


Fig.  84.— Atrophic  Excavation. 


xplanation  of  Cuts. — These  illustrations  show  the  difference  between  physiological  and  atrophic  excavations;  a  similar 
engraving  shows  glaucomatous  excavation.  It  is  very  important  and  difficult  to  distinguish  these  ;  the  explanation  in  the 
text,  however,  which  is  very  clear,  seconded  by  the  pictures,  present  the  differences  so  plainly  that  they  may  always  be 
recognized.] 

'  The  work  is  trustworthy,  and  may  be  recommended  as  a  sound  guide  in  the  diagnosis  and.  treatment  of  the  various  diseases 
jof  the  eye  that  are  likely  to  fall  under  the  notice  of  fcfye  general  practitioner." — London  Practitioner. 

'It  is  a  well  written  and  clear  manual," — Prof.  Henry  D.  Noyes,  m.  d.,  Professor  of  Ophthalmology  and  Otology  in 
\Bellevue  Hospital  Medical  College.  ■  .   j  '  ,,,.--  •      .  ,       ■ 

teka  thoroughly  practical  work,  written  with  great  clearness,  and  is  therefore  well  adapted  for  use  among  students." — New 
W^^Jpdica  I  Journal.  ',    !    '  - 

^^K  must  say  that  it  is  one  of  the  best  books  extant." — Medical  Register.  ■-,-,' 

-ffiHe  mode  in  which  Prof.  Meyer  deals  with  each  subject  is  thoroughly  practical,  *  *  *  and  may  be  fully  relied  upon  as 
an  index  of  treatment." — London  Lancet.        JJf  *  , 

"  J  "  One  of,  the  most  admirable  features  of  Dr.  Meyer's  book  is  the  arrangement.  Each  main  division  opens  with  a  quite  com- 
plete anatomical  description  of  that  portion  of  the  eye  of  which  the  diseases  are  about  to  be  considered.  Each-affection  is 
then  discussed  under  the  subdivisions:  Diagnosis;  Progress  and  Termination ;  Prognosis;  ^Etiology  and  Treatment.,  Among 
"fBeseju  the  assignment' of '  Prognosis  to  a  separate  heading,  and  the  careful  attention  rendered  to  it,  are  especially  to  be  corri- 
ra$frj/5edf;,  /or  it  is  -here- that  ,:t]jie  young  practitioner  finds  his. greatest,  difficulty  sparing  him  in  the  face,  and  the  question  is  not 
handled  with  sufficient  clearness  and  precision  in  most  text-books.  In  laying  down  rules  of  treatment  Dr.  Meyer  is  quite  happy 
imavqiding  commendation -of  ,a  multiplicity  of  remedies." — New  Orleans  Med.  and  Surg.  Journal. 

"Considered  the  students'  book  Par  excellence.  *    *    *  The„work  is  abreast  of  the  times.    Its  value  is  enhanced  by  the  truly 
ext&Siitit  Woodcuts."— -Journal  ofthe  Am-erican  Medical  Association.  ii>"i    >  ■*    "ft;>;    ,    ifj    ,   "\  /  ,-   -/^ 

**  "Jin  the  manner  of  arranging  the  subject  matter,  and  its  clearness  of  description,  it  surpasses  any  modern  text-book  that  we 
have  critically  examined."— American  Practitioner  and  News.  ,     ; }  -  "   T    m  ' .  '    ]/ 

"An  excellent'feature  pf  the  work  is  ;  the  giving,  before^  the  consideration,  of  the  .diseases  of  each- part,  of  a  clear,  succinct 
:count  of  such  points  in  its  anatomy  as  bear  directly  on  the  pathology,  diagnosis  or  treatment  of  those  diseases." — American 
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BY  T.  MCCALL  ANDERSON,  M.  D., 

Professor  of  Clinical  Medicine  in  the  University  of  Glasgow. 
assisted  BY 
Dr.  James  Christie,  Sec'y  London  Epidemiological  Society  for  Indian  Ocean  and  East  Africa 
Medical  Soc.  of  Bombay,  etc.  Dr.  Hector  C.  Cameron,  Surgeon  and  Lecturer  to  Western  Infirmar 
Glasgow;  Surgeon  to  Glasgow  \Hospital  for  Children,  etc.  William  Macewen,  m.b.,  m.d.,  Lecturer  or 
Systematic  and  Clinical  Surgery,  Royal  Infirmary ;  Surgeon  to  Royal  Infirmary  and  Children's  Hospital, 
Glasgow,  etc. 

WITH  COLORED  PLATES  AND  NUMEROUS  WOOD  ENGRAVINGS. 
Octavo.    650  Pages.    Cloth,  $4.50  ;  Leather,  $5.50. 

A  treatise  on  Diseases  of  the  Skin,  with  reference  to  Diagnosis  and  Treatment, 
including  an  Analysis  of  11,000  Consecutive  Cases.  Thoroughly  illustrated  by  new  and 
handsome  wood  engravings,  and  several  colored  and  steel  plates  prepared,  under  the 
direction  of  the  author,  from  special  drawings  by  Dr.  John  Wilson. 

PARTICULARLY  STRONG  IN  TREATMENT. 

fiST1  Special  attention  is  given  to  the  Differential  Diagnosis  of  Skin  Diseases  and  to  the 
treatment.  There  are  over  150  prescriptions,  which  will  serve  as  hints  to  the  physician 
in  dealing  with  obstinate  and  chronic  cases. 

There  has  been  no  complete  treatise  on  Dermatology  issued  for  several  years  ;  Professor 
Anderson  has,  therefore,  chosen  an  opportune  time  to  publish  his  book. 


Illustrating  onh  of  the  Diseases  of  the  Hair  (See  Fig.  b,page  7). 

For  nearly  twenty-five  years  Professor  Anderson  has  been  a  general  practitioner  and  & 
hospital  physician,  with  unusual  opportunities  for  the  study  of  this  class  of  diseases,  t^jfl| 
not  a  "specialist,"  as  the  term  is  understood.  His  experience  is,  therefore,  oC^9 
•  value,  and  the  physician  will  feel  that,  in  consulting  this  work,  he  is  reading  the  exp^ 
riences  of  a  man  situated  as  himself— with  the  same  difficulties  of  diagnosis  and  treatmen 
and  who  has  surmounted  them  successfully.  We  believe  this  to  be  a  valuable  feature  o 
the  book  that  will  be  recognized  at  once  j  for  it  is  undoubtedly  a  fact  that  a  work^like 
the  present  contains  much  practical  information  and  many  hints  not  to  be  found  else- 
where. Professor  Anderson  is  particularly  happy  in  illustrating  the  impor- 
tant relations  subsisting  between  the  general  economy  and  its  covering,  and 
his  ideas  of  pathology  and  therapeutics,  including  a  consideration  of  all  the  general 
and  local  manifestations  of  the  common  diseases  of  the  economy  which  are  manifested 
upon  the  surface,  will  find  many  appreciative  readers. 

Diseases  of  the  hair  receive  full  systematic  treatment. 

SUMr "  understood  ciass  °f  di""ses-  Th«  "">»«  -"fesst  .^.Ertfys  X  ssl^-sk* 


